








oxycodone HCI* 5.0 mg, acetaminophen 500 mg 


EQUIPOTENT TO PERCODAN 


Brief Summary of Prescribing Information 
DESCRIPTION: Each capsule contains 


Oxycodone Hydrochloride 5mg 
Warning— May be habit forming 
Acetaminophen y 500mg 


CONTRAINDICATIONS: TYLOX capsules should not be 
administered to patients who have previously exhibited hyper- 
sensitivity to oxycodone or acetaminophen. 

WARNINGS: Drug dependence: Oxycodone can produce 
drug dependence of the morphine type and, therefore, has the 
potential for being abused. Psychic dependence, physical de- 
pendence, and tolerance may develop upon repeated adminis- 
tration of TYLOX capsules, and they should be prescribed and 
administered with the same degree of caution appropriate to 
the use of other oral narċotic-containing medications. Like 
other narcotic-containing medications, TYLOX capsules are 
subject to the Federal Controlled Substances Act (Schedule Il) 
PRECAUTIONS: General: Head Injury and Increased Intra- 
cranial Pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid pressure 
may be markedly exaggerated in the presence of head injury, 
other intracranial lesions, or a pre-existing increase in intra 
cranial pressure. Furthermore, narcotics produce adverse reac- 
tions which may obscure the clinical course of patients with 
head injuries. Acute Abdominal Conditions: The administration 
of TYLOX capsules or other narcotics may obscure the diagno- 
sis or Clinical course in patients with acute abdominal condi- 
tions. Special Risk Patients: TYLOX capsules should be given 
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ITHOUT ASPIRIN 


*Warning: May be habit forming 





with caution to certain patients such as the elderly or de 
bilitated, and those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and prostatic 
hypertrophy or urethral stricture 


Information for Patients: Oxycodone may impair the men- 


tal and/or physical abilities required for the performance of 
potentially hazardous tasks such as driving a car or operating 
machinery. The patient using TYLOX capsules should be 
cautioned accordingly. 

Drug Interactions: Patients receiving other narcotic 
analgesics, antipsychotics, anti-anxiety agents, or other CNS 
depressants, including alcohol, concomitantly with TYLOX 
capsules, may exhibit additive CNS depression due to the 
oxycodone component. When such combined therapy is con 
templated, the dose of one or both agents should be reduced 
The use of MAO inhibitors or tricyclic antidepressants with 
oxycodone preparations may increase the effect of either 
the antidepressant or oxycodone. The concurrent use of anti- 
cholinergics with oxycodone may produce paralytic ileus. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: 


No long-term studies in animals have been performed with 
oxycodone to determine carcinogenic and mutagenic poten 
tial, or effects on fertility. Acetaminophen has been found to 
have no mutagenic potential using the Ames Salmonella- 
Microsomal Activation test, the Basc test on Drosophila germ 
cells, and the Micronucleus test on mouse bone marrow. In 
animals, acetaminophen has not been evaluated for carcino- 
genic potential or for effects on fertility. f 
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Pregnancy Category C. Animal reproductive studies have not 
been conducted with TYLOX. It is also not known whether 
TYLOX can cause fetal harm when administered to a pregnant 
woman or can affect reproductive capacity. TYLOX should be 
given to a pregnant woman only if clearly needed 

Nursing Mothers: It is not known whether the components 
of this drug are excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when 
TYLOX is administered to a nursing woman 

Pediatric Use: TYLOX capsules should not be administered 
to children. 

ADVERSE REACTIONS: The most frequently observed ad- 
verse reactions include lightheadedness, dizziness, sedation, 
nausea, and vomiting. These effects seem to be more promi- 
nent in ambulatory patients than in non-ambulatory patients, 
and some of these adverse reactions may be alleviated if the 
patient lies down. Other adverse reactions include euphoria, 
dysphoria, constipation, skin rash, and pruritus. At higher 
doses oxycodone has most of the disadvantages of morphine 
including respiratory depression 

For information on symptoms and treatment of overdosage, 
see full prescribing information 

Full'directions for use should be read before administering or 
prescribing, 3/20/85 
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RN e Rarely in the modern textbook does one 
“find the unique combination of a masterful 
à command of the English language, the 
= superb organization of the book itself, and 
~N ` the combined textbook atlas concept 
O so well written and prepared by 
a sole author who fearlessly commits 

his opinions in writing...’’* 


Colon and Rectal Surgery 


By Marvin L. Corman, M.D. 


Winner of the 1985 American Medical Writers Association 
Medical Book Award in the Physician’s Category 


“extremely well-written, readable, and highly informative of the state-of-the-art 
of colon and rectal surgery...exceptional...’’—* Diseases of the Colon and Rectum 














Helps you manage all aspects of diseases the personal touch to a surgical text in good taste, regardless of 
and surgery of the anus, rectum and colon whether the reader agrees with the conclusion. . .”’ 
COLON AND RECTAL SURGERY is a comprehensive and ee eee 


approach to the diagnosis and treatment of the more f f , 
Pp g Every chapter is packed with superb illustrations of surgical 


common conditions affecting the anus, rectum and colon. hni Howi ilv wh h 
Many esoteric and unusual problems are also discussed; and techniques; Showing exactly wnat you need to know about the 
full range of colon and rectal conditions. 16 full-color 


each chapter contains an extensive bibliography directing you . x ibe 
p grapny gy illustrations show the appearance of various conditions such 


to further study. h fi , f i 
y as ulcerative colitis, melanosis coli, pruritus ani, and 


abundantly illustrated text/atlas providing an organized A superior atlas of surgical techniques i 








“. . . uniform excellent quality throughout . . . The extensive extramammary Paget's disease. Sharp x-rays, photomicro- 
illustrations, some of which are in color, are extremely helpful. graphs, and tables amplify the text. y 
The bibliography is unusually complete and contains many ref- “. . . more completely enhanced with photographs, drawings, 
erences to recent articles. The author is to be congratulated for and roentgenograms than any other textbook on the market. . .”’ 
the wealth of material that he has been able to encompass in this —Mayo Clinic Proceedings 
one volume. . .’’—The New England Journal of Medicine : 

, : Other important features 
Unique single authorship i m emphasizes reconstructive anorectal surgery—for which 
. . . Insightful commentaries Dr. Corman is well known 
The single authorship, unique in so comprehensive a text, m fully covers management of cancer and inflammatory 
allows Dr. Corman to emphasize procedures for which he has bowel disease 
considerable clinical experience, and to offer insightful m describes in clear and precise detail complex anorectal 
commentaries placing concepts into their proper perspective. and colon operations 


“|. it is refreshing to be exposed to the perspective of a m contains in-depth discussions of incontinence, ostomy 


mature and experienced colon and rectal surgeon who has added epee and their management, and dermatologic 
r 5 


Large 8” x 10” Format. 784 Pages. 818 Illustrations, 16 in Full Color. 49 Tables. 1984. $89.00. 


Lippincott books are available through your health science bookstore or your Lippincott representative. For mail order service direct, 


please use the coupon below, or Call Toll Free (USA except AK, HI) 1-800-638-3030. In Maryland Cail Collect (301) 824-7300 Li = tt l 


J+ B. Lippincott Company: The Health Professions Publisher of Harper & Row, Inc. * P.0. Box 1630, Hagerstown, MD 21741 | 
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and subject to change. Orders subject to the approval of . 
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Outstanding 
mixed aerobic/anaerobic coverage 


Cefizox iv 


ceftizexinic S@aum 


Injection: 1 and 2 gram Vials 


FOR INFECTION SUBSEQUENT 
TO ABDOMINAL TRAUMA > 









* Highly Active Against B. fragilis and 
+ Other Gram-negative Organisms 


; | ‘Cefizox’ Equal in Clinical Efficacy 
: B. fragilis Activity to Tobramycin/Clindamycin 
4 Comparable to Mefoxin™* for Intra-abdominal Sepsis4 


‘CEFIZOX’ MEFOXIN™ 
References MIC» MIC Therapy 
(No. strains) (No. strains) 


Bacteriological Clinical 
Cure Cure 


jes = 


tobramycin+ 
clindamycin 





f 
è Fewer serious side effects than: Cefobid” (cefoperazone), Rocephin” (ceftriaxone), 
= tobramycin+clindamycin 
pi e Lower cost of therapyt than: Mefoxin” (cefoxitin), Claforan” (cefotaxime), 

{ Cefobid”(cefoperazone), Rocephin" (ceftriaxone), Fortaz”(ceftazidime), 

K tobramycin+clindamycin 
\, © B.LD. dosing for all but life-threatening infections 
j 


a Outstanding mixed aerobic/anaerobic coverage 


} 

i Cefizox'i 
{ CriZOX v 
p ceftizoxime’Sodium 


*In vitro activity does not necessarily imply in vivo effectiveness. 
+Includes cost of drug and drug administration on a daily basis. Based on manufacturers’ lowest recommended dose for severe infection. 
kt 1. Aldridge, K.E., et al.: Comparison of the activities of penicillin G and new -lactam antibiotics against clinical isolates of Bacteroides species, Antimicrob. Agents 
3 Chemother. 26: 410-413, 1984. 2. Fu, K.P, and Neu, H.C.: Antibacterial activity of ceftizoxime, a 2-lactamase-stabie cephalosporin, Antimicrob. Agents Chemother. 17: 
p 583-590, 1980. 3. Chow, A.W, and Finegold, S.M.: In-vitro activity of ceftizoxime against anaerobic bacteria and comparison with other cephalosporins, J. Antimicyob. 
Chemother. 10 (Suppl. C): 45-50, 1982. 4 Solomkin, J.S., and Lentnek, A.L.: A randomized multicenter trial of ceftizoxime vs. tobramycin/clindamycin for intra-abdominal 
infection, 24th Internat. Conf. Antimicrob. Agents Chemother. (Abstract 957) 1984. 


» Please see brief summary of prescribing information on last page of this advertisement. 


Cefizox 


brand of 


sterile ceftizoxime sodium, 
and ceftizoxime sodium injection 





Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Ceñzox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli: Haemophilus influenzae including ampicillin-resistant strains; Stephy- 
loceccus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 

URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli: Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P. vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii); Klebsiella sp.; Serratia sp. including S. marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli: Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including B. fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing): Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli: Klebsiella 
sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis: Bacteroides 
sp.; and anaerobic cocci, including Pentococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. ‘Cefizox’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
tococcus pneumoniae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 


Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. 

Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 


Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
respense of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions), Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX'IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


©Smith Kline & French Laboratories, 1986 
Div. of SmithKline Beckman Corporation 





Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 

PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox’ nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 


Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 

ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Local—Injection site—Burning, 
cellulitis, phlebitis with I.V. administration, pain, induration, tenderness, paresthesia. 

Less frequent adverse reactions (less than 1%) are: Hypersensitivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Renal—Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea: nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for LV. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 


Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 
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‘a Manufactured for 

| | Si< Fujisawa SmithKline Corporation 
Distributed by 
SK&F Laboratories 


Division of SmithKline Beckman Corp. 



















rombin, us? = permitting flexible and 
tombostat" z i ; easy application. With the 

: > ae new THROMBOSTAT pump, 
-you can achieve hemostasis 
seconds over large body surface 
areas. Each depression of the _ 
pump offers an even distribution 
ig uniform hemostasis of the total area. _ 
b ) ailable in a convenient sterile kit that features - 
” a20,000-unit vial of THROMBOSTAT (a practical size for procedures involving 
capillary bleeding), an appropriate measure of diluent, and a pump sprayer | 
cap. The kit offers sterile packaging—permitting the entire contents to be es 
brought directly into the sterile field. With the new THROMBOSTAT kit, 


it has never been simpler 
STERI E to control capillary bleeding. 
Please see next page for brief summary 
of prescribing information. , 
THR OMBIN, USP. 


© 1984 Warner-Lambert Company OT aes ee A 


For more information about the 
convenient THROMBOSTAT™ KIT, 
simply fill out the coupon and mail to: a 


Parke-Davis, Division of Warner-Lambert Company, 
201 Tabor Road, Morris Plains, New Jersey 07950. Attn: Nancy Caprio, 








PHYSICIAN'S NAME (please print) 
PARKE-DAVIS 
ivision of Warner-Lambert Company = 
Morris Plains, New Jersey 07950 ADDRESS x ; 
CITY STATE ZIP 


" PD-34-JA-2352-P-1A (3-85) ss 


THROMBOSTAT™ (THROMBIN. USP) (Bovine Origin) 

Before prescribing, please see full prescribing information. A Brief 
Summary follows: 

Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or powder. 

INDICATIONS AND USAGE, 
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WARNING: Because of its action in the clotting mechanism, Throm- 
bostat must not be injected or otherwise allowed to enter large blood 
vessels. Extensive intravascular clotting and even death may result. 
Thrombostat is an antigenic substance and has caused sensitivity 
and allergic reactions when injected into animals 
PRECAUTIONS: General 1n sponge 
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Morris Plains, New Jersey 07950 


“rD LIKE TO MAKE 

AN APPOINTMENT 
WITH THE 

DOCTOR” 


Coin; 
Sea 





Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society’s Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 


AMERICAN 
$‘? CANCER 
f SOCIETY” 


*“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec. ). 
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BRIEF SUMMARY 
NOLVADEX* (tamoxifen citrate) 10 mg tablets 
Indications and Usage: Nolvadex has proven useful in 
the palliative treatment of advanced breast cancer in 
postmenopausal women Availabie evidence indicates that 
patents who have hac a recent negative estrogen receptor 
assay are unlikely to respond to Nolvadex 
Contraindications: None known. 
Warnings: Ocular changes have been reported in a few 
patenis who, as part of a clinical trial, were treated for 
periods greater than one year with Nolvadex at doses at 
least four times the highest recommended daily dose ot 
40 mg The ocular changes consist of retinopathy and. in 
some patients, there are also corneal changes and a de- 
crease in visual acuity 

in addition, a few cases of ocular changes including 
visual disturbance, corneal changes and/or retinopathy 
have been reported in patients treated with Nolvadex at 
recommended doses itis uncertain if these effects are due 
to Nolvadex 

As with other additive hormonai therapy (estrogens and 
androgens), hypercalcemia has been reported in some 
breast cancer patients with bone metastases within a few 
weeks of starting treatment with Nolvadex. If hypercalcemia 
does occur, appropriate measures should be taken and, if 
severe. Nolvadex shouid be discontinued 
Precautions: General: Nolvadex shouid be used cautiously 
in patients with exusting leukopenia or thrombocytopenia 
Observations of leukopenia and thrombocytopenia occa- 
sionally have been made, but it is uncertain if these effects 
are due to Nolvadex therapy. Transient decreases in platelet 
counts, usually to 50,000-100,000/cu mm, infrequently lower, 
have been occasionally reported in patients taking Nolvadex 
for breast cancer. No hemorrhagic tendency has been 
recorded and the platelet counts returned to norma! levels 
even though treatment with Nolvadex continued 

Laboratory Tests: Periodic complete blood counts, includ- 
ing platelet counts, may be appropriate 

Carcinogenesis, Mutagenesis. Impairment of Fertility 
Endocrine changes in immature and mature mice were 
investigated in a 13-month study. Various tumors were found 
in all treated groups which were related to the estrogenic 
activity of the compound 

A 14-month chronic study to investigate the effects of low 
doses in mice was performed. No gonadal tumars were found 

Pregnancy Category C: Nolvadex has been shown to 
affect reproduction functions in rats when given at dose 
levels somewhat higher than the human dose. In reproduc- 
tive stucies in rats. developmental changes of the rib were 
seen There are no adequate and well-controlled studies in 
pregnant women, Nolvadex should be used during preg- 
nancy only if the potential benefit justifies the potential risk 
to the fetus 

Nursing Mothers. It is not known whether this drug is 
excreted in human milk. Because many drugs are excreted 
in human milk and because of the potential for serious 
adverse reactions in nursing infants from Nolvadex, a deci- 
sion shouid be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of 
the drug to the mother 
Adverse Reactions: The most frequent adverse reactions 
to No'vadex are hot flashes. nausea. and vomiting. These 
may occur in up to one-fourth of patients. but are rarely 
severe enough to require discontinuation of treatment 

Less frequently reported adverse reactions are vaginal 
beeding, vaginal discharge, menstrual irregularities. and 
skin rash. Usually these have not been of sufficient severity 
to require dosage reduction or discontinuation of treatment 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with 
a good tumor response. Patients with increased bone pain 
may require additional analgesics. Patients with soft tissue 
disease may have sudden increases in the size of preexis!- 
ing lesions, sometimes associated with marked erythema 
within and surrounding the lesions, and/or the development 
of new lesions, When they occur, the bone pain or disease 
flare are seen shortly after starting Nolvadex and generally 
subside rapidly 

Other adverse reactions which are seen intrequentiy are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness. light-headedness. and 
neadache 

if adverse reactions are severe, it is sometimes possible to 
convo! them by a simple reduction of dosage without loss of 
contro: of the disease 
Overdosage: Acute overdosage in humans has not been 
feported Signs observed at the highest doses following 
studies tc determine LDDs, in animals were respiratory difti- 
suites and convulsions. No specific treatment for over 
dosage is known; treatment must be symptomatic 
Dosage and Administration: One or two 10 mg tablets 
iwice a day (morning and evening) 
How Supplied: Tabiets of 10 mg tamoxifen citrate (round, 
diconvex, uncoated. white tablet identified with Nolvadex 
300 debossed on one side and a cameo debossed on the 
ather side) are supplied in bottles of 60 tablets and 250 
tablets. Protect from heat and light. NDC 0038-0600 
inactive Ingredients: Carboxymethyiceliuiose calcium, 
magnesium stearate, mannitol, starch Rev D 12/84 
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50,000 
people will be 
saved from 
colorectal cancer 
this year. 

You can save one. 


Save yourself! Colorectal 
cancer is the second leading 
cause of cancer deaths after lung 
cancer. More than 90% of colo- 
rectal cancers occur equally in 
men and women past age 50. 
Early detection provides the best 
hope of cure. That’s why if you’re 
over 50, you should take this 
simple, easy slide test of your 
stool every year. This Stool 
Blood Test kit is chemically 
treated to detect hidden blood in 
the stool and can be done at the 
time of your periodic health . 
examination so your doctor will 
know the results. 





The presence of hidden 
blood usually indicates some 
problem in the stomach or 
bowel, not necessarily cancer. 
Positive tests must be followed 
by further testing to find out 
what the problem is. 

Other tests for colorectal 
cancer you should talk to your 
doctor about: digital rectal exam 
(after age 40); the procto test 
(after age 50). It is important to 
report any personal or family his- 
tory of intestinal polyps or 
ulcerative colitis, and any change 
in your bowel habits, which 
could be a cancer warning signal. 

The American Cancer Society 
wants you to know. 
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Effects of Bombesin on Fasting Bile Formation 





WARREN J. KORTZ, M.D. 
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Adult dogs were previously prepared by cholecystectomy, ligation 
of the lesser pancreatic duct, and insertion of cannulae into the 
duodenum and stomach. After a 2-week period of postoperative 
recovery and an overnight fast, bile ducts were cannulated, gastric 
cannulae placed to open drainage and sodium taurocholate 500 
mg hr~! was administered to replace bile acids lost from the 
interrupted enterohepatic circuit. Bombesin was infused IV for 
1 hour over the dose range, 0.625-10 ng kg™ min™'. In control 
experiments 0.15 N NaCl was infused. Bombesin caused a sig- 
nificant increase in fasting bile flow, 3.0 + 0.2 ml/15 min to 4.2 
+0.3 ml/15 min (40%). Bile acid and phospholipid outputs were 


‘unchanged during bombesin. Bile cholesterol output decreased 


significantly during bombesin, 1029 + 142 ug/15 min to 856 
+ 109 pg/15 min (17%). The increase in bile flow was linearly 
related to the logarithm of the bombesin dose. In dogs with pyloric 
ocelusion, to prevent acid from reaching the duodenum, bombesin 
increased bile flow and bicarbonate output but had no effect on 
"C erythritol biliary clearance. Bombesin stimulated ductular 
bile acid independent bile formation in a dose-dependent manner. 
Bombesin also inhibited bile cholesterol output. 


the skin of the discoglossidae frog Bombina bom- 
bina,’ has profound effects on gastrointestinal 
function. Bombesin is a potent stimulator of gastrin re- 
lease.” The increase in gastric acid secretion following 


Bes a tetradecapeptide initially isolated from 
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bombesin is thought secondary to this gastrin release but 
may be secondary to a direct effect of bombesin on gastric 
mucosa.* Bombesin causes increased plasma levels of 
cholecystokinin (CCK),° and the stimulatory effects of 
bombesin on gallbladder contractility and pancreatic 
protein secretion may be via this CCK release® but again 
may occur via a direct effect of bombesin on target organs.’ 
Bombesin also stimulates the release of a variety of other 
gastrointestinal peptides: GIP, pancreatic polypeptide, 
somatostatin, insulin, glucagon, enteroglucagon, motilin, 
and neurotensin.*-"? 

There is evidence that bombesin-like peptides with 
similar structure and effects are important in mammalian 
gastrointestinal function. A 27-amino acid peptide has 
been isolated from porcine intestinal mucosa, gastrin-re- 
leasing-peptide (GRP), which has a carboxy-terminal se- 
quence similar to bombesin.'* Bombesin-like immuno- 
reactivity is present in the human gastrointestinal tract.!> 
Recently, two bombesin-like peptides have been isolated 
from the canine intestinal tract; one peptide is 27 amino 
acids in length and similar to porcine GRP, and the other 
peptide, 10 amino acids in size, is similar to frog bom- 
besin. 
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Fic. 1. Diagram of the pyloric occlusion model, showing bile and gastric 
drainage. 


Previously observed effects of bombesin on biliary 
function are thought secondary to gallbladder contraction 
mediated through CCK release. The one study examining 
the effect of bombesin on hepatic bile formation in cho- 
lecystectomized dogs revealed no changes in fasting, un- 
stimulated bile secretion.'’ We have further studied the 
effects of bombesin on fasting canine hepatic bile for- 
mation. 


Methods 


Adult mongrel dogs (15-22 kg) were anesthetized with 
sodium pentobarbital (30 mg/kg) and underwent chole- 
cystectomy, ligation of the lesser pancreatic duct, insertion 
of modified Thomas cannulae into the stomach and duo- 
denum,'* and placement of a circumferential 0.5 cm band 
of Dacron® graft sewn loosely around the pylorus. After 
operation, the animals recovered for 2 weeks prior to 
study. 

The animals were fasted except for water 18 hours prior 
to study. After gently restraining the animals in slings, 
0.15 N NaCl was administered intravenously at 50 ml 
hr`' using a Harvard peristaltic pump. The common bile 
duct was cannulated with a #6 F ureteral catheter placed 
through a cork used to occlude the duodenal cannula. 
Gastric cannulae were opened and gastric secretions col- 
lected. After one hour of saline, sodium taurocholate 
(CalBiochem) 500 mg hr~! was infused I.V. to replace bile 
acids lost to the interrupted enterohepatic circuit. At the 
end of the third hour, either bombesin (Sigma Chemical 
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Co., St. Louis, MO) or 0.15 N NaCl was infused for 1 
hour with a Harvard peristaltic pump. Five animals were 
studied twice with each dose of bombesin, 0.625, 1.25, 
2.5, 5.0, and 10.0 ng kg™! min“', or saline. In addition, 
five animals were studied twice with CCK-8 (sincalide), 
2 ng kg”! min™', for 1 hour using the same protocol de- 
scribed above. Animals were studied no more frequently 
than twice per week. 

Bile was collected every 15 minutes, measured to the 
nearest 0.1 ml and frozen for later analysis. Bile acid con- 
centrations were measured using a steroid dehydrogenase 
method.'? Bile cholesterol was estimated using the method 
of Abel” and bile phospholipid content measured ac- 
cording to Fiske.”' Gastric secretions were collected every 
30 minutes and measured to the nearest 1.0 ml. One-half 
ml of gastric secretion was titrated to a pH of 7.0 using 
0.2 N NaOH and a radiometer automatic titrator. Gastric 
acid output was calculated by multiplying the 30 minute 
volume times the H* concentration (mEq/ml). 

Blood samples were drawn from a peripheral vein, cen- 
trifuged and plasma glucose determined with a glucose- 
oxidase method (Beckman), In addition, plasma was fro- 
zen with Trasylol® (Sigma) for future analysis of glucagon 
and insulin concentrations using standard radioimmu- 
noassay techniques. 


Pyloric Occlusion 


Since bombesin stimulated gastric acid output, addi- 
tional studies were performed with pyloric occlusion (Fig. 
1). These experiments were performed to exclude the pos- 
sibility that hormonal release secondary to duodenal 
acidification despite open gastric drainage was responsible 
for the changes in bile production detected during bom- 
besin infusion. A #12 F Foley was introduced through 
the gastric cannula and placed through the pylorus. The 
Foley balloon was inflated and traction placed on the 
catheter to occlude the pylorus against the buttress created 
by the previously placed external Dacron® cuff. Pyloric 
occlusion was confirmed by radiographic barium exam- 
ination. The Foley catheter was secured to the gastric can- 
nula and collection of gastric secretion was identical to 
that described above. Five animals were studied twice each 
with bombesin, 5 ng kg’ min™', or 0.15 N NaCl in a 
manner similar to above experiments. In addition, '*C 
erythritol, 3 wCi, was given as an I.V. bolus and then 
infused intravenously 3 wCi hr7! for the duration of the 
experiment. '4C activity was measured in bile and serum 
and '4C erythritol biliary clearance determined, as pre- 
viously described.” Bile bicarbonate and bile chloride 
concentrations of fresh bile samples were measured using 
an Astra 8, Beckman Instrument. 

Data is expressed as the mean + standard error of the 
mean. Statistical analysis was performed using the Stu- 
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dent’s t-test for paired data. Differences were considered 
significant if p < 0.05. In addition, we performed a linear 
regression analysis to determine whether the value of bile 
flow obtained at the end of test substance infusion, 15- 
minute period 16 (P16), was dose related using the prein- 
fusion period 12 (P12) as baseline. The serial dilutions of 
dosage were first converted to a logarithmic scale by setting 
the control experiment at zero and letting higher bombesin 
doses (0.625, 1.25, . . . 10.0) correspond to higher con- 
verted doses (1, 2,. . . 5). To account for repeated mea- 
surements on individual dogs, a random dog effect was 
included in the model. Nonhomogeneity of slopes over 
dogs and nonlinearity of the response as a function of 
converted dose level were tested in the model and found 
to be insignificant. The analysis modeled the P16 value 
for bile flow as a function of the baseline value and the 
converted dose level, with a different intercept term for 
each dog. Scatterplots of residuals indicated no departures 
from the assumptions of the model. 


Results 


As shown in Figure 2, bombesin 5 ng kg™! min”! for | 
hour caused a significant increase in bile flow, comparing 
baseline period 12, 3.0 + 0.2 ml/I5 min, to period 15, 
4.2 + 0.3 ml/15 min, and period 16, 4.1 + 0.3 ml/15 min. 
The increase in bile flow remained significantly greater 
than baseline for 15 minutes after cessation of bombesin, 
but by 30 minutes postinfusion bile flow was no longer 
elevated. Bile flow during control experiments was stable. 

Table 1 demonstrates the effects on bile acid, bile cho- 
lesterol, and bile phospholipid during bombesin, 5 ng kg™! 
min”! and control 0.15 N NaCl. Bile acid, cholesterol, 
and phospholipid concentrations decreased significantly 
during bombesin. These measurements were unchanged 
during control experiments. The decreases in bile and 
phospholipid concentration were offset by the simulta- 
neous increase in bile production during bombesin. so 
that bile acid and bile phospholipid outputs were un- 
changed. However, cholesterol! output decreased signifi- 
cantly during bombesin when compared to baseline period 
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a significant (p < 0.001) increase in bile flow compared to baseline period 
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12, while the same measurement was unchanged in con- 
trol experiments. The effects on bile cholesterol are shown 
in more detail in Figure 3. The decrease in cholesterol 
output was still evident 30 minutes after termination of 
bombesin, but, by 1 hour postinfusion, cholesterol output 
had returned to baseline values. Significant decreases in 
cholesterol output were also observed for bombesin 1.25 
and 2.5 ng kg"! min`! (Table 2). Since bombesin stim- 
ulates the release of cholecystokinin, studies were per- 
formed to examine the effects of CCK-8 on bile cholesterol 
output. CCK-8 produced a significant increase in bile flow 
during period 16, 3.8 + 0.2 ml/15 min, when compared 
to baseline period 12, 3.1 + 0.2 ml/15 min. Bile cholesterol 
output in these experiments was not affected significantly 
(937 + 83 ug/15 min to 883 + 86 ug/15 min). 
Bombesin 5 ng kg™' min”! caused a significant increase 
in gastric acid output that was maximal during the 30 
minutes postinfusion, 2.20 + 0.87 mEq/30 min (p < 0.05), 


TABLE 1. Effects of Bombesin on Bile Composition 

















Bombesin 
(5 ng kg™! min`’) 0.15 N NaCl 
Bile Analysis 
(N = 10) Per 12 Per 16 Per 12 Per 16 
Bile acid conc. (mg/ml) 426+ 2.1 346+ 1.7* 50.74 8.7 55.74 7.2 
Bile acid output (mg/15S min) 131 + 10 139 + 8 120 + 19 146 +14 
Cholesterol conc. (ug/ml) 346 + 52 213 + 24* 364 + 39 412 t 75 
Cholesterol output (ug/15 min) 1029 + 142 856 + 109* 958 + 102 981 +94 
Phospholipid conc. (mg/ml) 10.8 + 1.3 8.1.4 0.7* 10.0+ 10 97+ 13 
Phospholipid output (mg/15 min) 318+ 3.1 319+ 24 277 2 - 37 25.2+ 3.6 








~d 


* p < 0.025 compared to baseline period 
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Fic. 3. Effects of bombesin or saline on bile cholesterol output. Asterisk 
denotes a significant (p < 0.05) decrease in bile cholesterol output com- 
pared to baseline period 12. 


when compared to baseline gastric acid output, 0.14 
+ 0.07 mEq/30 min. Gastric acid output during control 
experiments was unchanged. 

Table 3 lists the values for plasma glucose, glucagon, 
and insulin during bombesin 5 ng kg™! min™! or 0.15 N 
NaCl. Plasma glucagon increased significantly during 
bombesin, while plasma insulin and glucose were un- 
changed. Plasma glucose, glucagon, and insulin were sta- 
ble during control experiments. 

Figure 4 demonstrates that a significant increase in bile 
flow during bombesin also occurred in the setting of py- 
loric occlusion and gastric drainage. Again, this stimu- 
lation was short-lived, for bile flow returned to baseline 
values within 30 minutes postinfusion. Since secretin 
produces increases in bile bicarbonate output and small 
changes in '4C erythritol biliary clearance, these param- 
aters were measured in the pyloric occluded model to 
minimize the effect of duodenal acidification induced se- 
cretin release. Table 4 shows that bombesin 5 ng kg™! 
min’! for | hour caused a significant increase in bile bi- 
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TABLE 2. Effects of Lower Dose Bombesin on Cholesterol Output 





Cholesterol Output 
(ug/15 min) 








Period 12 Period 16 
0.9% NaCl 958 + 102 98] + 94 
Bombesin 
2.5 ng kg' min”! 817 + 101 692 + 96* 
1.25 ng kg! min! 1131 + 167 873 + 95* 





* p < 0.025 compared to period 12. 


carbonate output and bile chloride output. The small in- 
crease in '4C erythritol biliary clearance was not statisti- 
cally significant. Values measured during control exper- 
iments with pyloric occlusion showed no significant 
changes. 

The regression analysis performed to detect a relation 
between the bombesin dose infused and the change in bile 
flow yielded a statistically significant (p < 0.001) linear 
relation between P16 and the converted dose level, after 
adjusting for baseline value. The equation can be ex- 
pressed as: 


P16 — 0.885(P12) = INTaog + 0.259(CDL), 


where INT gog is an intercept that is dog specific, and CDL 
is the converted dose level (0.625, 1.25,. . . 10.0 ng kg”! 
min’! = 1,2,. . . 5). The dog effect in the intercept term 
was not significant (p = 0.07). Therefore, although the 
equations for different dogs are characterized by equations 
with different intercepts, the relation between P16 and 
the logarithm of dose level after adjusting for P12 remains 
linear with the same slope for all dogs. The R? for this 
model was 0.65. Figure 5 shows the data used to derive 
the above equation and the mean function of all dogs at 
all doses. 


Discussion 


Bombesin is one of the newer polypeptides shown to 
have a variety of effects on gastrointestinal function. Am- 


TABLE 3. Effects of Bombesin on Plasma Glucose, Glucagon, and Insulin (N = 10) 




















Bombesin 
(5 ng kg”! min`’) 0.15 N NaCl 
15 Minute 
Periods 12 14 16 18 12 14 16 18 

Plasma glucose 

(mg%) 88 +3 88+ 4 90+ 4 89+ 2 91+ 3 87+ 3 89+ 3 87+ 3 
Plasma glucagon 

{pg/ml} 5749 127 + 20* 173 + 18* 120 + 17* 101 + 18 97 + 13 113 + 25 93 + 16 
Plasma insulin 

(U/ml) 20+5 27+ 8 15+ 2 25+ 6 19+ § 17+ 4 23+ 9 17+ 4 





* p < 0.001 compared to period 12. 
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phibian bombesin is a releaser of many other gastroin- 
testinal peptides in various mammalian species. Gastrin, 
cholecystokinin, pancreatic polypeptide, glucagon, insu- 
lin, GIP, enteroglucagon, motilin, neurotensin, and so- 
matostatin all increase with bombesin.*-'? Bombesin also 
causes increased gastric acid output, pancreatic protein 
output, and galibladder contractility. These effects may 
occur indirectly via hormone release or via direct actions 
on target organs. We investigated the effects of bombesin 
on bile secretion and have demonstrated a stimulatory 
effect on hepatic bile production and an inhibition of bil- 
iary cholesterol output. 

Since bile acid output was stable, bombesin increased 
the bile acid independent fraction of bile production. 
Bombesin increased gastric acid output in these studies, 
so it was possible that bombesin choleresis occurred as a 
result of secretin release secondary to duodenal acidifi- 
cation. A previous study demonstrated that dependent 
gastric cannula drainge did not totally prevent histamine 
stimulated gastric acid from entering the duodenum.” 
We, therefore, repeated our studies during pyloric occlu- 
sion as documented by radiographic barium examination 
and have demonstrated that bombesin choleresis still oc- 
curred. Therefore, bombesin choleresis does not occur 
via the mechanism of duodenal acidification. 

Bile bicarbonate output increased during bombesin. 
Secretion of biliary bicarbonate is a property of ductular 
epithelium, suggesting that bombesin affects the ductular 
portion of bile acid independent bile formation.”*”> This 
is confirmed by the observation that significant changes 
in "C erythritol clearance, primarily a canalicular event, 
were not detected during bombesin. Small increases in 
14C erythritol clearance have been detected during infusion 
of the ductular stimulant secretin.?°?’ Experimental ob- 
servations greater than the number used in our experi- 
ments with bombesin might reveal a similar significant 
increase in '‘C erythritol clearance. 

The mechanism by which bombesin stimulates ductular 


bile formation is unknown. Bombesin stimulates the re-_ 


lease of cholecystokinin, a known ductular stimulant 
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FIG. 4. Effects of bombesin or saline on bile flow in the setting of complete 
pyloric occlusion. Asterisk denotes a significant (p < 0.025) increase in 
bile flow compared to baseline period 12. 


raising the possibility that bombesin increases hepatic bile 
production indirectly via CCK release. Bombesin could 
also affect bile formation via the release of other known 
ductular choleretics, i.e., secretin; but one study showed 
no effect on secretin levels with bombesin.”* Additional 
studies in isolated perfused systems will help to determine 
whether bombesin affects bile secretion via a direct mech- 
anism. 

Kaminski and Deshpande found no effects of bombesin 
on fasting bile formation using a similar chronic bile fistula 
model.'’ Their smallest dose of 83 ng kg’ min™! was 
eight times the largest dose used in the present studies. 
At larger doses, bombesin may produce offsetting chole- 
retic and cholestatic effects or have no effect at all. 

Bile cholesterol output was inhibited during bombesin. 
This effect occurred in the absence of thanges in bile acid 
secretion or phospholipid output. We have shown pre- 
viously that physiologic levels of glucagon lower biliary 


TABLE 4. Effects of Bombesin on Bile Bicarbonate, Chloride, and C Erythritol Clearance 


Bombesin Infusion 
(5 ng kg) min`’) 


Pre Per 12 
Bile HCO; output 
(umol/15 min, N = 8) 59.4 + 18.5 
Bile CI” output 
(umol/15 min, N = 8) 169.8 + 36.6 
HC erythritol clearance 
(mi/15 min, N = 10) 2134 0.14 


0.15 N NaCl Infusion 





Post Per 16 Pre Per 12 Post Per 16 
135.3 + 14.7* 59.8 + 20.8 74.34 17.8 
303.7 + 45,9* 188.7 + 45.5 190.8 + 43.7 

2.81+ 0.46 2.37 + 0.16 21+ 0.21 





* p < 0.005 compared to period 12. 
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FIG. 5. The relation between log bombesin dose and bile flow demon- 
strated by the equation: P16 — 0.885 P12 = INT gog + 0.259 (CDL). 


cholesterol secretion.” Bombesin 5 ng kg~! min™! caused 
physiologic increases in plasma glucagon, suggesting that 
bombesin affects bile cholesterol output indirectly via 
glucagon release. Another mechanism, such as a direct 
inhibitory effect of bombesin on cholesterol secretion, was 
not excluded. 

Plasma insulin and glucose were not significantly al- 
tered by bombesin. Others have shown stimulation of in- 
sulin release with bombesin.*°?! In those studies. insulin 
increased within 10 minutes after bombesin infusion and 
then returned quickly to baseline levels. We drew samples 
every 30 minutes, past the time frame of these reported 
increases in insulin. 

The relation between the bombesin dose and the re- 
sponse in bile flow was linear when the dose was corrected 
in a logarithmic fashion. The lowest bombesin dose that 
significantly increased bile flow was 1.25 ng kg~! min™!. 
Plasma bombesin levels were not measured in these ex- 
periments. It is not clear what levels of bombesin can be 
termed physiologic, since there were no increases in 
plasma bombesin detected in healthy volunteers after a 
standard meal.” There was one report of increased bom- 
besin levels following a meal in human subjects, but little 
data were presented.*? Bombesin is present in cells con- 
tained within the intestinal mucosa% and also within 
nerves of the myenteric plexus and submucosa.’ It is 
possible that bombesin affects gastrointestinal physiology 
in a paracrine fashion or through neural influences totally 
independent of changes in circulating plasma levels of 
bombesin. : 
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In summary, bombesin stimulates bile acid indepen- 
dent bile secretion at the ductular level. This stimulation 
may occur indirectly via CCK release or via a direct 
mechanism, but does not occur via duodenal acidification. 
Bombesin also decreases cholesterol output, perhaps via 


physiologic increases in glucagon. The observed choleretic » 


effects of bombesin occur in a dose-dependent manner, 
but a physiologic role for bombesin in hepatic bile for- 
mation has not been proven. 
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Further Studies on the Inhibition of Pepsin 


by Bile Salts 


————— 
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A higher incidence of peptic ulceration has been reported in pa- 
tients recovering from operations that divert bile from the duo- 
denum. Previous studies have shown that hydroxylated bile salts 
inhibit the proteolytic activity of pepsin, an integral agent in the 
production of peptic ulcer. In this study, the pepsin inhibitory 
activity of 16 bile salts (6 unconjugated, 5 glycoconjugated, and 
5 tauroconjugated bile salts), including bile salts with no hydroxyl 
groups, was tested in vitro. All bile salts inhibited pepsin pro- 
teolytic activity and the degree of pepsin inhibition increased in 
proportion to their concentrations. The range of maximal inhi- 
bition was 90-73% for unconjugated bile salts; 74-35% for gly- 
coconjugated bile salts; and 71-46% for tauroconjugated bile 
salts. These findings support the need for clinical studies to eval- 
uate administration of bile acids to bile-diverted patients. 


EVERAL STUDIES have demonstrated the Roux- 
en-Y biliary-enteric anastomosis to be the best type 
of reconstructive procedure for the treatment of 

benign biliary strictures. ™? In addition to this clinical sit- 
uation, the isolated jejunal limb is also better suited for 
the treatment of other biliary tract problems where biliary- 
enteric anastomoses must be done and where the survival 
ofthe patient is expected to be long-term. This superiority 
of the Roux procedure has been chiefly in the areas of 
lower infection rates, longer patency rates, and the relative 
freedom from dangerous intestinal fistulae. 

One complication, postoperative peptic ulceration, oc- 
curs more frequently after the Roux-en-Y biliary drainage 
procedures. Early studies from this department docu- 
mented an increase of peptic ulceration and associated 
bleeding in postoperative patients with Roux-en-Y biliary 
drainage.’ Subsequent efforts to define the problem re- 
vealed that the mere creation of a Roux-Y limb, without 
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biliary anastomosis, increased gastric acid production in 
animals by as much as 300%.* It was also discovered in 
this laboratory, in 1972, that canine whole bile would 
inhibit pepsin activity in vitro at the acid pH usually found 
in the duodenal bulb.° 

Thus, diversion of bile from the duodenum by a Roux- 
en-Y biliary drainage favors ulcerogenesis in two distinct 
ways. First, gastric acid production is markedly increased. 
Second, a potent inhibitor (bile) of pepsin digestion is 
removed from the duodenum. 

The present study was designed to investigate the pepsin 
inhibitory effects of 16 bile salts including the sodium 
salts of B-cholanic acid and dehydrocholic acid (bile acids 
with no hydroxyl substituents). 


Materials and Methods 
Enzyme 


Twice lyophilized and crystallized porcine pepsin 
(Sigma Chemical Co., St. Louis, MO) was dissolved in 
0.01 N hydrochloric acid at pH 2.0 to make pepsin so- 
lutions of 175 ug/ml and 350 ug/ml for each assay. 


Substrate 


The synthetic peptide, n-acetyl-L-phenylalanyl-L-3,5- 
diiodotyrosine (n-APDT) is insoluble in acid. Therefore, 
10 mg of n-APDT was initially dissolved in 2.5 ml of 0.1 
N sodium hydroxide and then quickly brought up to a 
volume of 100 ml with 0.013 N hydrochloric acid to yield 
a final pH of 2.0. All pH measurements were made with 
a Beckman 3550 digital pH meter (Beckman Instruments, 
Palo Alto, CA). 
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A total of 16 sodium salts of bile acids (6 unconjugated 
bile acids, 5 glycoconjugated bile acids, and 5 tauro-con- 
jugated bile acids) was used in the study as detailed below. 


Unconjugated bile acids 

B-cholanic acid (Chol)* 

lithocholic acid (LC)t 

deoxycholic acid (DC)t 

chenodeoxycholic acid (CDC)t 

ursodeoxycholic acid (UDC)* 

dehydrocholic acid (DHDC)* 
Glyco-/tauroconjugated bile acids 
glyco-/tauro-B-cholanic acid (G.Chol., T.Chol.)* 
glyco-/tauro-lithocholic acid (GLC, TLC)t 
glyco-/tauro-deoxycholic acid (GDC, TDC)t 
glyco-/tauro-chenodeoxycholic acid (GCDC, TCDC} 
glyco-/tauro-ursodeoxycholic acid (GUDC, TUDC)* 


B-cholanic acid and dehydrocholic acid were individ- 
ually dissolved in 5 ml aliquots of the previously prepared 
pepsin solutions to give final bile salt concentrations of 
15 mM arid 30 mM. The remaining 14 bile salts were 
dissolved in 5 ml aliquots of the 350 ug/ml pepsin solution 
to give final bile salt concentrations of 5, 10, 15, 20, 30, 
40, and 50 mM. Bile salt concentrations in the human 
duodenum range between 10 mM and 22 mM. 


Colorimetric Reagent 


A solution of 3% Ninhydrin® in Methyl Cellosotve® 
was used according to the method of Rosen.® 


Principles of the Reaction 


Pepsin cleaves the peptide bond of n-APDT to give two 
products: n-acetyl-L-phenylalanine and L-3,5-diiodoty- 
rosine. Ninhydrin reacts with these amino acid hydrolytic 
products to form a colored product. The presence of L- 
3,5-diiodotyrosine was then quantitatively measured at 
570 nanometers (nm) on a Beckman DU-2 spectropho- 
tometer (Beckman Instruments, Palo Alto, CA). The ab- 
sorption is directly proportional to pepsin activity. 


Standard 


A standard curve was prepared for each of 16 bile salts, 
whose concentration ranged from 5 mM to 50 mM. The 
standard tubes were treated identically to the experimental 





* Tokyo Tanabe Co., Tokyo, Japan. 
+ Calbiochem Co., San Diego, CA. 
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tubes except that neither enzyrne nor substrate was added. 
Three tauroconjugated bile salts (sodium salts of B-chol- 
anic acid, deoxycholic acid, and chenodeoxycholic acid) 
gave a linear reaction with Ninhydrin, and their true ab- 
sorbance values were individually calculated by subtract- 
ing the values falling on each of the standard curves from 
the measitred absorbance values in the study. The other 
13 bile salts did not react with Ninhydrin. 


Assay 1 


The pepsin inhibitory effect of B-cholanic acid, which 
has no hydroxyl substituents, was tested at two concen- 
trations using two different pepsin solutions. Six solutions 
were made for each assay run: pepsin alone, and one each 
of pepsin and {5 mM B-cholanic acid and pepsin with 
30 mM B-cholanic acid, at each of the two pepsin con- 
centratiors, 175 and 350 ug/ml. These solutions were in- 
cubated with vigorous shaking to prevent bile salt precip- 
itation in the acid solution for 10 minutes at 37 C im- 
mediately before use in the assay. Then 0.2 ml of pepsin 
alone or pepsin plus bile salt was added to 3.2 ml n-APDT 
solution. The mixture was incubated for 5 minutes at 37 
C. Aftet tais, the reaction was arrested by the addition of 
0.1 ml of 1.0 N sodium hydroxide, which raised the pH 
to 11.9, where pepsin activity is stopped. Then, 0.5 ml of 
cyanide-acetate buffer was added to each tube, followed 
by 0.5 ml of 3% Ninhydrin reagent. The tubes were heated 
in boiling water for 15 minutes and cooled rapidly in an. 
ice bath, and then 2.5 ml of isopropyl alcohol-water dil- 
uent was added to each tube. Any solid material in the 
tubes was removed by gravity filtration to prevent inter- 
ference in absorption measurement. Absorbance was then 
measured in a Beckman DU-2 spectrophotometer at 570 
nm. A total of six runs of the assay was done in duplicate, 
including two blanks that were treated identically to the 
other tubes except that neither enzyme nor bile salt was 
added. 


Assay 2 


Pepsin inhibiting activity of the sodium salt of dehy- 
drocholic acid was éxamined using its two different con- 
centrations (15 mM and 30 mM) at the two pepsin con- 
centrations and simultaneously compared with the pepsin 
inhibitory effect of 15 mM lithocolic acid, which was the 
most potent inhibitor in previous studies in this labora- 
tory.’ Deaydrocholic acid was chosen because it is a triketo 
bile acid with no hydroxyl substituents and is highly sol- 
uble in water. Eight solutions were made for each assay 
run: pepsin alone, and one each of pepsin and 15 mM 
dehydrocholic acid, pepsin and 30 mM dehydrocholic 
acid, anc pepsin with 15 mM lithocholic acid, at each of 
the two pepsin concéntrations 175 ug/ml and 350 ug/ml. 
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FIG. 1. Sodium salt of B-cholanic acid (B-cholanate: 15 mM & 30 mM) 
significantly inhibited the pepsin activity at two pepsin concentrations. 


The tubes, thereafter, were treated exactly the same as in 
assay l. A total of six runs of the assays was done in 
duplicate including two blanks. 


Assay 3 


Pepsin inhibitory activities of 16 bile salts described 
before were tested at various concentrations of each bile 
salt. Sixteen solutions were made for the assay run of each 
individual bile salt; pepsin (350 ug/ml) alone and pepsin 
(350 ug/ml) with one of the bile salts at concentrations 
of 5, 10, 15, 20, 30, 40, and 50 mM. After this, the tubes 
were treated identically to those of assay 1. One run of 
the assays was done for each of the bile salts in duplicate, 
including two blanks. 


TABLE 1. Pepsin-inhibitory Activity of B-cholanic Acid 





B-cholanic Acid 








(mM) % Reduction vs. Pepsin Alone 
15 38.1%* 
30 64.4%F 
* p < 0.02. 


tp < 0.005. 
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FIG. 2, Sodium salt of dehydrocholic acid (DHDC: 15 mM & 30 mM) 
and sodium salt of lithocholic acid (LC: 15 mM) significantly inhibited 
the activity of pepsin. 


Student’s t-test was used for statistical analysis of the 
data. 


Results 
Assay l 


The sodium salt of B-cholanic acid inhibited pepsin 
activity at two different pepsin concentrations against n- 
APDT. The pepsin activity was reduced approximately 
in proportion to bile salt concentration (Fig. 1, Table 1). 

Analysis of the data showed that B-cholanic acid in- 
hibition was significantly different from pepsin alone. The 
difference in inhibition between the two concentrations 
of B-cholanic acid was also Statistically significant 
(p < 0.02). 


Assay 2 


The sodium salt of dehydrocholic acid showed a similar 
pattern of pepsin inhibitory activity to that of B-cholanic 
acid, but it was a less potent inhibitor than lithocholic 
acid which has one hydroxyl substituent (Fig. 2, Table 2). 

Analysis of the data showed that inhibition by dehy- 
drocholic acid and lithocholic acid was significantly dif- 
ferent from pepsin alone. The difference in inhibition be- 
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tween the two concentrations of dehydrocholic acid was 
also statistically significant (p < 0.02), but the differenee 
between 30 mM ‘dehydrocholic acid inhibition and 15 
mM lithocholic acid inhibition was not sieges sig- 
nificant. 


Assay 3 


Sixteen sodium salts of bile acids tested in this study: 
6 unconjugated bile acids, 5 glycoconjugated bile acids, 
and 5 tayroconjugated bile acids all reduced pepsin pro- 
teolytic activity in direct proportion to their concentra- 
tions. The pepsin inhibitory effect of most of these bile 
salts reached a plateau ‘at concentrations of 30-40’ mM 
(Fig, 3). The inhibition rate of each bile salt at concen; 
tration of 50 mM was as follows, 


Unconjugated bile salts 

lithocholic acid (LC) 90% 
ursodeoxycholic acid (UDC) 83% 
dehydrocholic acid (DHDC) 81% 
B-cholanic acid (Chol) 80% 
chenodeoxycholic.acid (CDC) 75% 
deoxycholic acid (DC) 73% 
Glycoconjugated bile salts 

glyco-B-cholanic acid (G.Chol) 74% 
glycochenodéoxycholic acid (GCDC) 69% 
glycoursodeoxycholic acid (GUDC) 65% 
glycodeoxycholic acid (GDC) 63% 
glycolithocholic acid (GLC) 35% 
Tauroconjugated bile salts 

taurodeoxycholic acid (TDC) 71% 
taurochenodeoxycholic acid (TCDC) 70% 
tauroursodeoxycholic acid (TUDC) €8% 

UNCONJUGATED 
% BILE SALTS 


Fic. 3. Pepsin inhibitory ef- 
fect of each of 16 bile salts is 
proportional to their con- 
centrations. (See text for ab- 
breviation key.) i 


ABSORBANCE (570nm) 








INHIBITION OF PEPSIN BY BILE SALTS 11 


TABLE 2. Pepsin-inhibitory Activity of Dehydrocholic Acid 


and Lithocholic Acid 
Sodium sat % Reduction vs. s. Pepsin Alone 
15 mM dehydrocholic acid 47.7%* 
30 mM dehiydrocholic acid 74.9%t 
15 mM lithochalic acid 80. out 
* p < 0.02. l ; 
t p < 0.005. 
taurolithocholie acid (TLC) 55% 
tauro-B-cholanic acid (T.Chol) 46% 


The absorbance values were calculated as a percentage 
in which the values of pepsin alone were assigned at 100%. 


Comments 


Complete exclusion of bile from the duodenum, which 
occurs following Roux-Y biliary diversion, -has been as- 
sociated with an increased incidence of peptic ulcer dis- 
ease.? The reported incidence of peptic ulceration after 
such biliary diyersion ranges from 2 to 22%. Some sur- 
geons have observed increases in postdiversion gastric 
output in patients,* Data from animal investigations 
demonstrated, significant i increases in gastric acid secretion 
after creation of a Roux-Y limb even without connection 
to the biliary system.‘ The early use of antacids and H-2 
antagonists, such as cimetidine, in postoperative patients 
at high risk of developing peptic ulceration has reduced 
the incidence of ulceration and bleeding i in these patients. 
However, other investigators have reported’ that, while 
there is an increase jn gastric acid secretion in bile-diverted 
patients, postoperative peptic ulceration is not a problem.” 
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The role of pepsin in peptic ulcer formation continues 
to be studied. There is ample demonstration in the lit- 
erature that pepsin plus acid is much more ulcerogenic 
than acid alone.'”'' A major effect of acid is to maintain 
the optimum pH necessary for the protein-digesting effect 
of pepsin. Pepsin requires acid PH at levels of 2.0 to be 
maximally effective in digesting protein. After procedures 
that divert bile from the duodenum, duodenal pH may 
easily reach low levels because of the loss of alkaline bile. 
Moreover, intraduodenal instillation of bile or bile salts 
stimulates pancreatic enzyme and bicarbonate secre- 
tion.'*!? The loss of this mechanism after biliary diversion 
may also contribute to a more acid environment within 
the duodenum, making the duodenal mucosa more sus- 
ceptible to the action of pepsin. 

An important observation, shown in this and previous 
studies, is that bile salts inhibit pepsin proteolytic activity 
independent of their effect on pH. 

In 1972, whole canine hepatic bile was first demon- 
strated to inhibit the activity of pepsin in vitro in this 
laboratory.> Subsequently, individual conjugated bile salts 
were observed to inhibit pepsin proteolysis of hemoglobin 
and a refined substrate, n-acetyl-L-phenylalanyl-L-3,5- 
ditodotyrosine (n-APDT).'+'5 More recently, individual 
unconjugated bile salts have been found to inhibit pepsin 
proteolysis of n-APDT. In patients whose bile is diverted 
from the duodenum, loss of this inhibitory effect by bile 
salts contributes to a more favorable environment for the 
production of peptic ulceration. 

The degree of pepsin inhibitory effects by bile salts was 
previously observed to be inversely proportional! to the 
number of hydroxyl groups on the bile acid molecule.’ 
In the present study, B-cholanic acid and dehydrocholic 
acid (bile acids with no-hydroxyl substituents) have sta- 
tistically similar inhibitory action to that of lithocholic 
acid (with one hydroxyl group). It was also observed that 
unconjugated bile salts were more potent inhibitors of 
pepsin activity than glycoconjugated and taurocon jugated 
bile salts. While the pH level used in the assay 1s below 
the pKa of unconjugated and glycoconjugated bile salts 
examined, this may have little effect on stoichiometric 
relationships of bile salts and pepsin. The mechanism of 
pepsin inhibition by bile salts has been demonstrated to 
be a noncompetitive inhibition of pepsin by bile salts.!° 
Bile salts may also cause a nonspecific denaturation or 
binding of pepsin perhaps related to their detergent prop- 
erties, 
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An interesting observation in this study is that sodium 
salts of all bile acids used inhibit pepsin activity at a pH 
of 2.0. Their maximal pepsin inhibitory activities are 
reached within lower bile salt concentrations. These facts 
Suggest that some unconjugated bile salts might be useful 
as pepsin inhibitors to prevent peptic ulcer disease in bile- 
diverted patients. Of these bile salts, the sodium salt of 
ursodeoxycholic acid might be most useful because of its 
having few side effects on the gastric mucosa, !°!’ 

Bile salts within the duodenum appear to play an im- 
portant role in preventing ulcer formation, not only as 
pepsin inhibitors, but through other possible mechanisms 
mentioned above. It seems logical to suggest that clinical 
studies of the administration of bile salts to bile-diverted 
patients at high risk of developing peptic ulceration, espe- 
cially in the early postoperative period, might be of value. 
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A prospective, randomized trial was undertaken to compare the From the Department of Surgery, University of Cincinnati 
nutritional efficacy in surgical stress of a standard amino acid Medica! Center, Cincinnati, Ohio 
solution and two branched chain-enriched amino acid solutions: 
one enriched primarily with valine, the other with leucine. The 
study comprised: 37 patients in the surgical intensive care unit 
who received isocaloric, isonitrogenous parenteral nutrition 
started within 24 hours of the onset of major operation, injury, patients with sepsis'* was such that it was likely that he- 
or sepsis. Nitrogen retention was marginally but statistically patic dysfunction probably played a major role in the dis- 
significantly better on days 5, 7, and 10 in both groups of patients turbed amino acid pattern. Thus, we felt that a BCAA- 
receiving the branched chain-enriched solutions, but differences : . ; oo 

in cumulative nitrogen balance were not statistically significant. enriched solution might be appropriate. 





Amino acid composition appeared to be important in that the In addition, there are several other reasons why BCAA- 
group receiving the leucine-enriched solution appeared to main- enriched solutions might be useful. These include: 

tain hepatic protein synthesis better (as manifest by higher short- . , i 7 

turnover plasma protein concentrations) and required less ex- 1. Branched chain amino acids decrease protein break- 
ogenous insulin to maintain euglycemia. Improved outcome was down, at least in vitro.>® 

not seen in the groups receiving the branched chain-enriched 2. BCAA-enriched solutions increase both hepatic and 
solutions. muscle protein synthesis.’ If recovery from sepsis is 


partially dependent on the production of short-turn- 
over proteins, useful in host defense against infection, 
administration of such solutions might improve the 
chances of survival for such patients. 


EPSIS remains the major source of mortality in most 
surgical illness. In any series of any operation or 
injury, patients with overwhelming sepsis remain 

the group of hard-core patients who are seemingly un- 
salvageable. These patients are terribly ill, require respi- The results of preliminary studies thus far carried out 
ratory support, often have intra-abdominal catastrophes, to test this hypothesis have not been impressive. Although 
and require nutritional support. Several years ago, we some have claimed a slightly improved protein synthesis 
proposed that under circumstances of overwhelming sep- in patients with sepsis, careful examination of the data 


sis, particularly in the presence of disturbed central ner- reveals that this advantage, if indeed present, is marginal* 
vous system function, a branched chain amino acid Or not present.” It is clear, however, that with respect to 
(BCAA) enriched solution might be appropriate for sup- solutions enriched with BCAA, patients who are normal 


port of such patients,! These initial studies were carried Or near-normal do not appear to derive much benefit from 

out with a solution that is primarily intended for patients these abnormal (for normal individuals) amino acid mix- 

with liver disease. The similarity of amino acid patterns tures, that is, abnormal for patients whose hepatic and 

between that previously observed in liver disease? and renal function is normal and whose metabolic capacities 
are such as to metabolize various amino acids to provide 
a near-normal plasma amino acid pattern. 

Reprint requests: Josef E. Fischer, M.D., Department of Surgery. Uni- B Prg R is sect psd 
versity of Cincinnati Medical Center, 231 Bethesda Avenue (ML#558). : 
Cincinnati, OH 45267. diaphragm, were carried out in a hypercatabolic muscle 

Submitted for publication: April 2, 1985. preparation.*° Because of this, we felt that the only group 
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TABLE 1. Amino Acid Composition 








BCAA f Val 
Amino Acid Control (mg/100 mi) BCAA Tf Leu 
Leucine 660 263 1876 
Valine 560 1838 789 
isoleucine 510 1050 789 
Lysine 510 374 374 
Methionine 280 206 206 
Phenylalanine 310 228 228 
Threonine 370 272 272 
Tryptophan 120 88 B8 
Alanine 900 660 660 
Arginine 690 507 507 
Histidine 210 154 154 
Proline 610 448 448 
Serine 300 221 221 
Tyrosine 44 33 33 
Glycine 900 660 660 
Total amino acids 6974 7002 7005 
% BCAA 24.8 45.0 45.0 


in which such an advantage to the BCAA might be dem- 
onstrated would be a very sick, septic, hypercatabolic 
group. The following study, therefore, was undertaken in 
patients in a surgical intensive care unit setting. Most of 
the patients required ventilatory support and all were 
thought to require nutritional support. Since observer ob- 
jectivity is an essential part of such studies, all studies 
were carried out in a blinded, randomized fashion in 
which the observers were unaware of the solution given 
to patients. This study was reviewed and approved by the 
Human Studies Committee of the University of Cincin- 
nati Medical Center. 


Methods 


The study took place in the Surgical Intensive Care 
Unit at the University of Cincinnati Medical Center. Pa- 
tients who were deemed septic and requiring nutritional 
support were considered candidates for the study. Consent 
forms were signed and total parenteral nutrition was car- 
ried out according to accepted guidelines.'? A calorie:ni- 
trogen ratio of the three solutions was approximately 150: 
1, with glucose making up about 75% of nonprotein cal- 
ories. A 10% fat emulsion, either Intralipid® or Liposyn®, 
was utilized for the other 25% of calories. Parenteral nu- 
trition was administered to provide 1.5 g/kg/day as protein 


TABLE 2. Patient Population 





Age 
Group N Males Females Mean + SD Range 
Centrol 14 11 3 45.8 + 20 21-70 
BCAA T Val 9 7 2 497+ 7.8 17-8] 
BCAA Tf Leu 14 il 3 41.1+ 18 19-79 
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equivalent. Pretreatment values collected included nitro- 
gen balance, 3-methylhistidine (3-MH) excretion, baseline 
levels of electrolytes, coagulation parameters, hepatic 
profile, as well as albumin, prealbumin, transferrin, and 
retinol-binding protein measured by laser nefelometry. 
These studies were repeated on the first, third, fifth, sev- 
enth, and tenth posttreatment day. Nitrogen balance and 
3-MH excretion were measured daily. Insulin require- 
ments and possible toxic reactions were carefully moni- 
tored, At least two physician observers monitored patient 
progress independently at least once daily. All personnel 
who came in contact with the patients were blinded as to 
the solution utilized. 

The study was carried out in two separate time periods. 
Initially, a standard amino acid solution, in this case 
Aminosyn®, in which 25% of the amino acids are in the 
form of the BCAA, was compared with a solution that 
was enriched to approximately 45% with BCAA, the ma- 
jority of which was valine (Table 1). After a blinded, ran- 
domized trial in which nine patients in each group were 
studied, the code was broken by prearrangement. The re- 
sults were seen to be unsatisfactory because of failure of 
the valine-enriched solution to support plasma levels of 
short turnover proteins. Therefore, a new solution en- 
riched to 45% BCAA, but containing a predominance of 
leucine, was fabricated and a second phase of the study 
was undertaken. Subsequent randomization was for two 
patients to receive the new BCAA solution, with one pa- 
tient on the control amino acid solution to make certain 
that the conditions of the study were still comparable, 
since the study took place over a different time period. 


Results 


The composition of the patient groups entered in the 
study is shown in Table 2. A total of 45 patients was 
entered. Eight patients were discarded before the code 
was broken and before values were calculated because 
studies were incomplete or, for various reasons, the ad- 
ministration of the solutions was interrupted during the 
study. There were 29 males and eight females. All patients 
survived the study, although three died at a subsequent 
time prior to discharge, with two dying of sepsis and one 
of cancer. There was no effect of the different solutions 
on outcome, although the number of patients entered is 
undoubtedly too small to demonstrate such an effect even 
if it was present. 


Nitrogen Balance 


Nitrogen intake was similar among the various groups, 
although as can be seen in Figure 1, there was a tendency 
for more nitrogen to be given in the groups receiving 
BCAA, a difference that was not statistically significant. 
Since the calorie:nitrogen ratio was fixed and hypergly- 
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Fic. 1. Nitrogen intake for the study period is depicted for the patient 
groups receiving the standard amino acid solution (control), the BCAA 
solution high in valine (BCAA T Val), and the BCAA solution high in 
leucine (BCAA Tf Leu). Values are depicted as mean + SEM. There are 
no significant differences between treatment groups. 


cemia was somewhat of a problem in these septic patients, 


and as the requirement for insulin was less (at least in the ` 


group receiving the high-leucine BCAA solution), this may 
explain the slight difference in amino acid intake between 
the two groups. Despite this, these patients, whose nitrogen 
balance averaged about 16 g of nitrogen negative pricr to 


the study, tolerated amino acid intake well. Analysis of ` 


variance for daily nitrogen balance showed a significant 
difference (p < 0.05) between the control and the high- 
BCAA groups on days 5, 7, and 10 (Fig. 2). When cu- 
mulative nitrogen balance was analyzed, as shown in Fig- 
ure 3, the apparent advantage that the BCAA solutions 
appeared to have did not prove statistically significant as 
compared with the control solution. Nitrogen balance was 
corrected for urea nitrogen accumulation with a distri- 
bution for urea calculated at 55% of body weight. 
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FG. 2. Daily nitrogen balance for the study period is depicted for each 
of the treatment groups. There is a significant difference between the 
group receiving the control solution compared to the groups receiving 
the BCAA solutions at days 5, 7, and 10 (p < 0.05). 
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Fic. 3. Cumulative nitrogen balance for the study period is depicted for 
each of the treatment groups. Although cumulative nitrogen balance 
appears to be slightly improved in the BCAA groups as compared to the 
control group, the difference does not achieve significance. 


3-Methylhistidine Excretion 


3-Methylhistidine (3-MH) excretion was elevated in this’ 
group of patients, as expected, to the range of 4-6 mmol/ 
kg/24 hrs, as expected in septic patients. As the study 
progressed and patients improved, 3-MH fell to a more 
normal level (Fig. 4); no differences were observed in 
groups receiving various solutions. 


Serum Albumin 


There was a tendency toward better maintenance of 
serum albumin in the groups receiving the standard amino 
acid solution and the high leucine solution compared to 
the group receiving the high valine solution (Fig. 5). These 
trends persist even when corrected for slight intergroup 
differences in albumin at the start of the study (Table 3). 
These differences are not statistically significant. 
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Fic. 4. Urinary excretion of 3-methylhistidine for the study period is 
depicted. No intergroup differences were o! 
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FIG. 5. Serum concentrations 
of albumin, transferrin, thy- 
roxine-binding prealbumin, 
and retinol-binding protein 
are depicted for each of the 
study groups at days 0, 3, 7, 
and 10 of the study period 
(Day 10 data not available for 
transferrin). Values are de- 
picted as mean + SEM. Sta- 
tistical significance is indi- 
cated by * or **. 
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Short-Turnover Proteins 


Transferrin, retinol-binding protein, and thyroxin- 
binding prealbumin were all measured serially in this 
group of patients (Fig. 5). Again, there appeared to be 
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differences between the various groups prior to being put 
on the study. The data were therefore expressed in two 
ways: first as absolute values and then as percentage of 
the original figures (Table 3). Independent of whichever 
way these figures are expressed, the condition of patients 


TABLE 3. Plasma Proteins 
Se r UU 


Control BCAA T Val BCAA 1 Leu 
Albumin (g/dl) Day 0 2.2+ 0.2 23° 01 2:3: 0.2 
Day 7 2.4+ 0.1 2.0+ 0.1 ZT #102 
Day 7: Day 0 1.09 0.87 1:17 
Day 10 2.4+ 0.1 Zi 0:2 2.5 = 02 
Day 10: Day 0 1.09 0.91 1.09 
Tranferrin (mg/dl) Day 0 157 +14 124 +15 137 17 
Day 7 170 +10 126 +12 159 +24 
Day 7: Day 0 1.08 1.02 1.16 
Day 10 (data not available) 
Day 0 98+ 1.6 13.8+ 3.0 98+ 49 
Thyroxine-binding Day 7 13.0+ 1.7 118+ 2.1 12.8 + 12.3 
prealbumin Day 7: Day 0 1:33 0.86 1.31 
(mg/dl) Day 10 142+ 2.6 106+ 2.6 17.8+ 6.0 
Day 10: Day 0 1.45 0.77 1.82 
Day 0 3.5+ 0.4 3.9+ 0.4 3.9+ 0.4 
Day 7 S2 Jal 3.6+ 0.4 5:8: 0.5" 
Day 7: Day 0 1.49 0.92 1.49 
Retinol-binding Day 10 4.7+ 0.7 35+ 0.4 6.4+ 20t 
protein (mg/dl) Day 10: Day 0 1.3 0.90 1.64 


TT eee 


* p < 0.01 vs. Day 0. 
tp < 0.5 vs. Day 0. 


Vol. 203 + No. I 







CJ Control 
BCAA tLeu 
E BCAA tval 


BLOOD GLUCOSE (mg/d) 








DAYS 


Fic. 6. Mean daily blood glucose values are depicted for each of the 
study groups on days 0, I, 3, 7, and 10. Levels are expressed as mean 
+ SEM. There is not statistically significant difference between groups. 


receiving the high leucine solution appeared superior to 
that of patients receiving the standard solution, although 
the trend is not statistically significant except for retinol- 
binding protein. The standard amino acid solution was 
intermediate in its ability to support plasma concentra- 
tions of these short-turnover proteins, while the high-va- 
line solution did not support the plasma concentrations 
of these solutions as well. Since no studies of hepatic syn- 
thesis were carried out, one can only hypothesize that the 
higher plasma concentrations reflect higher synthesis rates. 
Because of a laboratory error, transferrin values for day 
10 are not available. 


Insulin Requirements 


Insulin was utilized as necessary to maintain blood glu- 
cose levels below 200 mg/dl. Mean daily blood glucose 
levels for study days 0, 1, 3, 7, and 10 are shown in Figure 
6. Mean daily blood glucose was not significantly different 
between the study groups. Insulin requirements varied 
among the three study groups, as shown in Figure 7. Mean 
daily insulin requirements for the high valine solution, 
standard amino acid solution and high leucine solution 
were 38 units, 25 units and 13 units, respectively. The 
group receiving the high leucine solution required signif- 
icantly less insulin than the high valine group (p < 0.001). 


Blood Urea Nitrogen 


Blood urea nitrogen accumulation was less in the groups 
receiving high BCAA solutions, but the results are not 
statistically significant (Fig. 8). 


Discussion 


A current interest in nutritional support is the attempt 
to differentiate various nutritional support solutions for 
different disease states. A high BCAA solution was orig- 
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FiG. 7. Mean daily insulin requirements to maintain euglycemia are 
depicted for each of the study groups. Values are depicted as mean + SEM. 


inally advocated for patients with hepatic decompensa- 
tion.'! In zhis particular situation, the focus was on allow- 
ing tolerance of a high protein intake and preventing the 
appearance of encephalopathy. A high BCAA solution, 
in addition to normalizing plasma amino acids and com- 
peting for the purportedly toxic aromatic amino acids 
across the blood-brain barrier, was thought to improve 
encephalopathy. Although this proposal is admittedly 
controversial, an increasing number of studies have now 
revealed advantages to BCAA-enriched solutions in the 
treatment of patients with hepatic decompensation, with 
wake-up being at least equivalent to that of standard ther- 
apy in five of seven studies'*-'® and survival increased in 
two.'*'4 It is interesting that all five studies in which glu- 
cose was used as a caloric source showed improvement 
at least as good as standard therapy with respect to en- 
cephalopathy (/.e., neomycin or lactulose). In those two 
studies in which a majority of the nonprotein calories was 
derived f-om fat, such improvement was not seen, =?’ 


Control 
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FIG. 8. Increases in BUN from baseline values are depicted at study days 
3.7, and 10 for each of the patient groups. 
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Hepatic decompensation is also prominent in severe 
sepsis. The plasma amino acid pattern as described by 
this laboratory is somewhat similar to that seen in liver 
disease, except that the elevation in sulfur-containing 
amino acids is somewhat more prominent.’ In subsequent 
Studies, it was possible for us to predict, on the basis of 
single amino acid pattern, survival with 85% accuracy 
and encephalopathy with a similar degree of accuracy.‘ 
Presumably, such plasma amino acid patterns reflect he- 
patic decompensation, which is largely responsible for 
mortality. 

In studies in patients with sepsis and clouding of con- 
sciousness—the so-called septic encephalopathy—the 
administration of BCAA-enriched solutions thought to 
be efficacious in liver disease was seen also to improve 
septic encephalopathy.' In that study a number of treat- 
ments for sepsis, including antibiotics and (in an occa- 
sional case) drainage of localized sepsis, were also carried 
out. Thus, it was impossible to attribute all (or even most) 
of the improvement to the use of BCAA-enriched solu- 
tions. Nonetheless, a number of properties of the BCAA 
solutions could theoretically be useful in patients with 
overwhelming sepsis: 


I. Increasing protein synthesis, including muscle’? and, 

more recently, hepatic protein synthesis.’ 

Decreasing excessive breakdown, particularly that of 

muscle.*® The alpha-ketoanalogues of the BCAA may 
be more efficacious in this regard than the amino acids 
themselves. ”° 

3. In situations in which brain function is affected, BCAA 
normalizes the plasma amino acid pattern, both by 
increasing protein synthesis and decreasing proteolysis 
as well as competing with the toxic aromatic amino 
acids at the blood-brain barrier. !' 


bh 


A number of studies have been carried out utilizing the 
BCAA, but as a group they remain disappointing. It is 
clear that in patients who are near-normal, the beneficial 
effect of the BCAA on protein breakdown has been dif- 
ficult to demonstrate.*®?!?2 In those studies in which pos- 
itive effects of the BCAA have been demonstrated, how- 
ever, patients have been hypercatabolic, such as in the 
use of leucine by Sherwin and his collaborators in patients 
who were obese and who (in our experience) are very 
hypercatabolic.” In other studies, such as in patients un- 
dergoing moderate to even major degrees of trauma (in 
the form of operation without sepsis), beneficial effects of 
the BCAA have not been possible to demonstrate.’ 

The purpose of this study was to administer BCAA- 
enriched solutions to groups of patients in an ICU setting 
with a mean nitrogen excretion of approximately 16 g 
nitrogen negative per 24 hours, a very sick group of pa- 
tients, most of whom were on ventilators and many of 
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whom required sophisticated intensive care support. These 
studies reveal several points: 


1. Under circumstances of severe stress and sepsis, mar- 
ginal improvements in nitrogen retention are observed 
but cumulative nitrogen retention was not Statistically 
significantly improved, 

- Plasma short-turnover protein concentrations tend to 
be higher in the group receiving high BCAA solution 
enriched largely with leucine, but Statistically signifi- 
cantly so only for retinol-binding protein. 

3. The composition of the solution is important. The high 
valine solution was seen not to be a very good solution 
from the standpoint of apparently supporting hepatic 
protein synthesis, while the high-leucine solution ap- 
peared to support the plasma concentrations of short- 
turnover proteins to a greater extent, certainly when 
compared with the high-valine solution, with perhaps 
a trend toward superiority over the standard amino 
acid solution. This difference, however, was not sta- 
tistically significant. 

4. There was no difference in outcome. However, the 
number of patients in each group was small. The in- 
creased plasma concentrations of retinol-binding pro- 
tein in the group receiving the high-leucine solution 
and the tendency toward increased transferrin and 
thyroxine-binding prealbumin could be the result of 
decreased breakdown of these plasma proteins, changes 
in distribution between plasma and extracellular water, 
or increased hepatic protein synthesis. We have no data 
Suggesting that administration of BCAA-enriched So- 
lutions alters the rate of catabolism of plasma proteins, 


to 


While we have no data regarding the question of dis- 
tribution in these studies, recent in vitro studies in our 
laboratory have measured the volumes of intra- and ex- 
tracellular water in muscles incubated in the presence of 
excess leucine and found no change.*4 Although this does 
not address the question in these studies, it makes it less 
likely that changes in distribution are responsible for these 
alterations. 

The BCAA have been shown to increase hepatic protein 
synthesis,’ but previous studies have not revealed whether 
such stimulation is direct or may be mediated through 
other agents. The decreased requirement for exogenous 
insulin seen in these studies raises the possibility that re- 
lease of endogenous insulin by leucine may be responsible, 
at least in part, for any increases in hepatic protein syn- 
thesis that may have taken place. The improvement in 
nitrogen retention on days 5, 7, and 10 (the only days 
measured) may reflect increased hepatic and/or muscle 
protein synthesis under the influence of increased endog- 
enous insulin. While nitrogen retention was equally im- 
proved in the groups receiving both high-leucine and high- 
valine solutions, hepatic protein synthesis was likely not 
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increased by the high-valine solution and the presumed 
increase in endogenous insulin was less in the high-valine 
solution. Thus, mediation of the effects observed by in- 
sulin is less likely, although possible. 

The composition of the branched chain-enriched amino 
acid solutions used has not been investigated to any con- 
siderable extent. Studies from our own laboratory have 
suggested that the optimal concentration of BCAA (on 
the basis of rather simple criteria) is approximately 45%. 
Other studies from both our and other laboratories have 
suggested that a balanced increase in the BCAA mixtures, 
namely, with roughly equimolar concentrations of leucine, 
isoleucine, and valine, is superior to that of one of these 
amino acids alone.” Although other studies from our lab- 
oratory have shown that the efficacy of various amino 
acid solutions is roughly proportional to the amount of 
leucine within the solution,”’ nonetheless excesses of leu- 
cine given as part of an amino acid solution generally 
depress the plasma levels of the other two BCAA, valine 
and isoleucine, to such an extent that protein synthesis is 
not supported, perhaps because of insufficient plasma 
levels of these essential amino acids. Thus, in any amino 
acid solution, one must take into account the necessity 
for increased leucine for efficacy, yet not provide so much 
leucine that the plasma levels of other amino acids are 
depressed below the concentration required to support 
protein synthesis. In these studies, depression of the other 
two amino acids was marginal and may have contributed 
to the borderline efficacy seen in this study. 

Another matter that needs to be defined further is 
whether the protein breakdown, which is so accelerated 
in overwhelming sepsis, is a beneficial or a detrimental 
factor. Although it is clear that the fate of a majority of 
the amino acids is in the form of short-turnover proteins, 
which are useful for immunological and other functions 
in support of the patient, nonetheless a majority of the 
amino acid delivered to the liver ends up as urea, which 
one might argue is a wasteful product under these cir- 
cumstances. Thus, in the best of all possible worlds, one 
would decrease protein breakdown in the periphery and 
supply enough amino acids in the right proportion to sup- 
port hepatic protein synthesis. This should be the overall 
goal of nutritional support. However, it is not clear that 
this accelerated proteolysis is always beneficial. In recent 
studies in this laboratory, indomethacin, which decreases 
both protein synthesis and protein breakdown, appears 
to improve survival in an animal model of overwhelming 
sepsis (a cecal ligation and puncture model).”* Thus, it is 
possible that the extraordinary degree of protein break- 
down is deleterious. 

One other major question that requires more intensive 
study is that of the immunological function of this newly 
synthesized protein. Clearly, this is a critical aspect of sep- 
sis and host-defense. Presumably, much of the amino acid 
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mobilized from the periphery to the liver has as its fate 
the support of immunological functions, such as opsinins, 
through short-turnover protein synthesis. These questions 
have not been directly addressed in this study. Ina recently 
published study, Cerra provided some evidence of im- 
proved immunological function in that anergy reverted 
to a more positive response and there was a greater in- 
crease in serum transferrin in the group receiving a 
branched chain-enriched solution (largely of valine), as 
compared with a control solution.” Nitrogen balance was 
also marginally better as in this study. Thus, some of the 
improved (presumed) hepatic protein synthesis may also 
be in terms of immunologically active protein. Clearly, 
any future study of nutritional support of patients with 
overwhelming sepsis should consider these important 
questions. 


Summary 


A group of severely ill septic patients in the Surgical 
Intensive Care Unit were randomized to receive one of 
three amino acid solutions. Two of the BCAA solutions 
differed in composition, one being enriched with a large 
amount of valine and the other having leucine as its prin- 
cipal BCAA. Nitrogen balance was marginally better in 
both BCAA solutions, but cumulative nitrogen balance 
was unchanged. Hepatic protein synthesis may have been 
supported to a greater extent by the leucine-enriched so- 
lution. 

The results indicate: 

1. Advantages to high BCAA solutions, which have been 
suggested as being efficacious in trauma and/or sepsis, 
appear to be of marginal benefit and, if so, only in the 
severely-ill patient population. 

_ Insulin requirements appear less and utilization of 
glucose given as a caloric source improved in groups 
receiving BCAA, probably by release of endogenous 
insulin. 

3. Hepatic protein synthesis may be better maintained 
in the group receiving a high BCAA solution in which 
leucine is the principal amino acid utilized. It is possible 
that this effect was mediated by endogenous insulin. 

4. Careful tailoring of amino acid solutions, so that all 
essential amino acids are within the normal range re- 
quired to support hepatic protein synthesis as well as 
decrease protein breakdown, may enable more intel- 
ligent treatment of patients with overwhelming sepsis 
requiring intensive care. 

5. At the present time, no improvement in outcome is 
seen in the group receiving the BCAA-enriched solu- 
tions. 
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Stadol® (Butorphanol tartrate) 

Brief Summary of Prescribing Information 

For complete information, consult Official Package Circular. 
(2)12/10/79 


INDICATIONS AND USAGE—Stadol is recommended for the relief of 
moderate to severe pain. Stado! can also be used for preoperative 
or preanesthetic medication, as a supplement to balanced 
anesthesia, and for the relief of prepartum pain 
CONTRAINDICATIONS—Stadol should not be administered to 
patients who have been shown to be hypersensitive to it 
WARNINGS—Patients Physically Dependent on Narcotics: Because 
of its antagonist properties, Stado! is not recommended for 
patients physically dependent on narcotics. Detoxification in such 
patients is required prior to use 
Due to the difficulty in assessing addiction in patients who have 
recently received substantial amounts of narcotic medication, 
caution should be used in the administration of Stado! 
Detoxification of such patients prior to usage should be carefully 
considered 
Drug Dependence: Special care should be exercised in 
administering Stadol to emotionally unstable patients and to 
those with a history of drug misuse. When long-term therapy is 
contemplated. such patients should be closely supervised even 
though Stadol has a low physical dependence liability, care should 
be taken that individuals who may be prone to drug abuse are 
closely supervised. It is important to avoid increases in dose and 
frequency of injections by the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain 
Head Injury and Increased Intracranial Pressure: Although there 
is no clinical experience in patients with head injury, it can be 
assumed that Stadol, like other potent analgesics, elevates 
cerebrospinal fluid pressure. Therefore the use of Stadol in cases 
of head injury can produce effects (e.g., miosis) which may 
obscure the clinical course of patients with head injuries. In such 
patients Stadol must be used with extreme caution and only if its 
use is deemed essential 
Cardiovascular Effects: Because Stadol increases the work of the 
heart, especially the pulmonary circuit, the use of this drug in 
acute myocardial infarction or in cardiac patients with ventricular 
dysfunction or coronary insufficiency should be limited to those 
who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS—Certain Respiratory Conditions: Because Stadol 
Causes some respiratory depression, it should be administered 
only with caution and low dosage to patients with respiratory 
depression (e.g., from other medication, uremia, or severe 
infection), severely limited respiratory reserve, bronchial asthma, 
obstructive respiratory conditions, or cyanosis 
Impaired Renal or Hepatic Function: Although laboratory tests have 
not indicated that Stadol causes or increases renal or hepatic 
impairment, the drug should be administered with caution to 
patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the 
usual Clinical dose, possibly the result of decreased metabolism 
of the drug by the liver. 
Billary Surgery: Clinical studies have not been done to establish 
the safety of Stadol administration to patients about to undergo 
surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight 
increases in systolic blood pressure may occur, therefore caution 
should be employed when Stadol is used in the hypertensive patient 
Usage in Balanced Anesthesia: The use of pancuronium in combination 
with Stadol may cause an increase in conjunctival changes 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to 
the labor period has not been established: therefore, this drug should 
be used in pregnant patients only when in the judgment of the 
physician its use is deemed essential to the welfare ofthe patient. 
Reproduction studies have been performed in rats, mice and rabbits 
and have revealed no evidence of impaired fertility or harm to the 
fetus due to Stadol at about 2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following 
administration of Stado! during labor has been established. Patients 
receiving Stadol during labor have experienced no adverse effects 
other than those observed with commonly used analgesics. Stado! 
should be used with caution in women delivering premature infants 
Usage In Nursing Mothers: The use of Stadol in lactating mothers who 
are nursing their infants is not recommended since it is not known 
whether this drug is excreted in human milk. Stadol has been used 
safely for labor pain in mothers who subsequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years 
have not been established 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 
Patients treated with Stadol are: sedation (503,40%), nausea 
(82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), 
floating feeling (33, 3%), dizziness (23, 2%), lethargy (19, 2%), 
confusion (15, 1%), lightheadedness (12, 1%) 
Other adverse reactions which may occur (reported incidence of less 
than 1%) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: el of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
RDOSAGE—Manifestations: Although there have been no 
experiences of overdosage with Stadol during clinical trials, this may 
occur due to accidental or intentional misuse as well as therapeutic 
use. Based on the pharmacology of Stadol, overdosage could produce 
some degree of respiratory depression and variable cardiovascular 
and central nervous system effects. 
: The immediate treatment of suspected Stadol overdosage 
is intravenous naloxone 
The hearst and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as 
oxygen, intravenous fluids, vasopressors and assisted or controlled 
respiration 
HOW SUPPLIED—Stado! (butorphanol tartrate) injection for I.M. or I.V. 
use, is available as follows: 
NDC 0015-5644-20—2 mg per ml, 2-ml vial 
WDC 0015-5645-20—1 mg per ml, 1-ml vial 
WDC 0015-5646-20—2 mg per ml, 1-ml vial 
NDC 0015-5646-23—2 mg per mi, 1-mi Disposable Syringe 
NDC 0015-5648-20—2 mg per mi, 10-m! multi-dose vial 
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Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society’s Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 


AMERICAN 
9? CANCER 
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*“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec. ). 
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Natural killer cell (NK) activity was assessed in patients with 
nonthermal injury. NK activity was assessed employing a stan- 
dard 4-hour *'Cr release. Peripheral mononuclear cells from 
healthy human donors and trauma ward patients served as ef- 
fector cells at three effector/target ratios. Labeled K562 eryth- 
roleukemia cells were used as targets. Multiple dilutions of crude 
and purified proteolysis inducing factor (PIF), isolated from three 
septic patients, were evaluated in comparison with other adju- 
vants. Greater augmentation of anti-K562 activity was obtained 
in long-term pretreatment of effector cells with adjuvants present 
as opposed to immediate NK assay. Untreated effectors from 
trauma patients demonstrated the least amount of baseline NK 
activity; however, a combination of PIF and interferon showed 
the greatest cytotoxicity. Untreated healthy cells exhibited a 
significant (p < 0.001), twofold greater amount of cytotoxicity 
than untreated trauma cells. PIF enhances NK activity and may 
be key to mobilization of host defense in trauma. 


EPRESSED IMMUNE FUNCTION and accelerated 
D protein degradation are critical problems in 
trauma and may be central to increased risk for 
septicemia and death. Since natural killer (NK) cell ac- 
~ tivity appears to be specifically important in host defenses 
against viruses and tumors, mediating cytotoxicity without 
requirement for presensitization, this system might logi- 
cally be the first line of immune defense in trauma. Some 
investigators have observed depression of NK activity in 
patients with severe thermal injury.'? However, review 
of the published literature suggested to us that NK activity 
in nonthermal trauma patients had not been studied. Our 
preliminary studies confirmed a possible association be- 
tween low NK activity and poor recovery. 

Recently, a circulating peptide has been isolated from 
the plasma of septic trauma patients that induces signif- 
icant increase in the net degradation rate of incubated rat 
muscle. This agent, previously termed proteolysis inducing 
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factor (PIF), M.W. 4200, is derived from phagocytic 
mononuclear cells and appears to be produced in asso- 
ciation with leukocyte pyrogen/lymphocyte activating 
factor or interleukin-1 (IL-1).>* Since IL-1 triggers pro- 
duction of IL-2, a known gamma interferon inducer, and 
has been found to stimulate NK activity,>-” we have stud- 
ied the effect of PIF on the NK system. In brief, we con- 
clude that PIF in some instances enhances NK activity 
and thus may represent a key factor in mobilizing host 
defense systems in trauma. Additionally, we have found 
diminished NK activity in trauma patients as compared 
to healthy donors. 


Material and Methods 


Heparinized sterile venous blood was drawn periph- 
erally from 17 healthy donors and 27 trauma ward patients 
for collection of peripheral blood mononuclear cells 
(PBM). The PBM were isolated from the blood by use of 
a Ficoll-Hypaque density gradient centrifugation tech- 
nique for 30 minutes at 2000 rpm. The interface cells 
were harvested, washed twice with Hank’s Balanced Salt 
Solution (HBSS), and resuspended in RPMI 1640 with 
25 mM Hepes Buffer in 10% fresh human serum. These 
cells are henceforth referred to as effector cells. The total 
number of effector cells was determined through use of 
the Coulter Counter and the density adjusted to | X 10’ 
cells/ml. The cells were plated in sterile microtiter plates 
for later incubation in a humidified atmosphere with 5% 
CO) at 37 C. Experimental protocol included some cells 
to be used in an immediate 4-hour NK incubation assay 
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FiG. |. NK assay of pretreated normal peripheral blood mononuclear 
cells from a single donor: comparison of proteolysis inducing factor (PIF), 
alpha-interferon (a-IFN), and gamma-interferon (y-IFN). U indicates 
untreated cells. 


and other cells to be used in an eighteen-hour pretreatment 
prior to the NK assay. Cells were incubated with medium 
alone and with various combinations of 25 microliters of 
each adjuvant. Adjuvants used in addition to PIF included 
three known NK augmentors: purified human leukocyte 
alpha-interferon (a-IFN) 1000 units/ml (Hoffman-La- 
Roche), purified human gamma interferon (y-IFN) 600 
units and 1200 units/ml, and OKT3, the pan-T-cell 
monoclonal reagent (gift of Dr. G. Goldstein, Ortho 
Pharmaceuticals). Multiple dilutions of the adjuvants were 
carried out with 10% fetal calf serum in Minimal Essential 
Medium with 25 mM Hepes Buffer. One of us (G.H.A.C.) 
prepared both purified and partially purified PIF from 
heparinized sterile blood collected from three septic 
trauma patients in the LHMHC Surgical Intensive Care 
Unit. PIF preparation included the bioassay, ultra filtra- 
tion, and chromatography methods, as previously de- 
scribed.* Partially purified PIF represents fractionated 
serum below a M.W. of 50,000, which was found to 
markedly induce a net protein degradation on bioassay. 
Purified PIF represents further ultrafiltration through a 
10,000 molecular weight (M.W.) membrane, chromatog- 
raphy, and continued demonstration of high activity on 
bioassay. Only serum showing initially greater than 80% 
of activity over normal controls was used in the present 
study. 

To assess the NK-augmenting effect of any 50,000 
M.W. serum protein or fraction, sera from two healthy 
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donors and two trauma patients were separately ultrafil- 
trated (compressed nitrogen gas as the driving force 
through a 50,000 M.W. membrane at 4 C) and tested. 


NK Cell Assay 


We assessed NK activity using a standard in vitro 
4-hour °'Cr release. The highly sensitive cloned K562 
erythroleukemia cell line was used as a source of target 
cells. The K562 cells were cultured in RPMI 1640 medium 
supplemented with 10% heat-inactivated fetal calf serum, 
penicillin, and streptomycin, and L-glutamine. The target 
cells were *'Cr labeled by incubation in RPMI 1640 con- 
taining 300 „Ci of sodium chromate at 37 Cina 5% CO, 
atmosphere for 1 hour, centrifuged at 1400 rpm, washed 
twice with RPMI, then resuspended in RPMI with 10% 
fresh human serum. The cell density was adjusted to | 
X 10° cells/ml. One hundred microliters each of effectors 
and labeled target cells were added together, plated in 
effector-target (E-T) ratios of 100:1, 50:1, 25:1. The plates 
were incubated for 4 hours, centrifuged at 2000 rpm, and 
100 microliters of supernatant removed for determination 
of radioactivity in a gamma spectrometer. The percentage 
specific cytolysis was calculated using the formula: 


CPM experimental release ~ CPM spontaneous release 
CPM total release — CPM spontaneous release 


x 100 


Donors were tested individually. The effector and target 
cells were aliquoted in triplicate, and median spectro- 
metric results were used. A Cytopathic Effect-Inhibition 
Assay (performed courtesy of Dr. Berish Y. Rubin, New 
York Blood Center) was used to test for the presence of 
contaminating interferon in PIF,!° 

The 27 trauma ward patients were selected at random 
from the trauma ward at LHMHC. Informed consent was 
obtained. Twenty-one men and six women were included. 
Their ages ranged from 20-65 years. None had been hos- 
pitalized for less than 24 hours, nor longer than one week. 
Several patients were in the postoperative period. Injuries 
of the patients included major blunt or penetrating trauma 
secondary to motor vehicle accident, stabbing, or high- 
velocity missles. The Injury Severity Score (ISS)''! was 
employed to standardize the severity of traumatic injury. 


Results 


The greatest augmentation of anti-K562 activity was 
obtained in long-term (18 hours) pretreatment of effector 
cells with PIF prior to NK. assay as opposed to immediate 
NK assay with PIF present during the 4-hour assay. Figure 
l is a representation of the differences in NK activity 
demonstrated by untreated effector cells and effectors from 
a single healthy donor pretreated with adjuvant. Untreated 
effectors demonstrated the least amount of baseline N K 
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Fic. 2. NK assay of pretreated normal peripheral blood mononuclear 
cells from a single donor: comparison of PIF, a-IFN, and OKT3. 
U indicates untreated cells. 


activity, since NK activity declines with incubation in the 
absence of positive regulatory signals. However, a com- 
bination of PIF, a-IFN, and y-IFN showed the greatest 
cytotoxicity. Figure 2 represents effector cells drawn from 
a second healthy donor in which comparison is made 
between cells pretreated with PIF, a-IFN, and OKT3 
against untreated cells. Baseline NK activity was similarly 
less than that demonstrated by pretreatment with a com- 
bination of adjuvants. 

Figure 3 demonstrates the pooled results of the indi- 


“w vidually assayed 17 healthy donor and 27 patients. Com- 


parison of the two groups of untreated effector cells at the 
E/T ratio of 50:1 reveals that healthy effectors exhibited 
a significant (p < 0.001), greater than twofold amount of 
cytotoxicity (mean = 50) over that displayed by trauma 
effectors (mean = 21). Figure 4 is a similar comparison 
of normal and trauma effectors pretreated with PIF. Re- 
sults of partially and highly purified PIF are combined, 
as there was essentially no observable difference in cyto- 
toxicity produced by one or the other. Normal PIF-treated 
effector cells here demonstrated an overall lower amount 
of NK activity (mean = 38), but PIF augmented the NK 
activity of trauma effectors, producing a 33% increment 
in the mean degree of NK activity as compared to un- 
treated trauma effectors. Figure 5 shows the comparative 
effects of pretreatment with a-IFN in the two groups of 
effector cells. Both the healthy and trauma effectors dem- 
onstrated augmentation of cytotoxicity in response to 
a-IFN (mean = 73 and 47, respectively); however, the 
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Fic. 3. NK assay of normal and trauma peripheral blood mononuclear 
cells: comparison of endogenous (unstimulted) activity at E/T ratio 50:1. 


healthy effectors demonstrated a significantly (p < 0.02) 
greater amount of cytotoxicity than trauma effectors. 
Our studies demonstrated no difference in NK activity 
between cells treated with different dilutions of PIF tested 
over a limited range. Additionally, we found neglible 
amounts of interferon (<10 units/ml) in the prepared PIF. 
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Fic. 4. NK assay of normal and trauma peripheral blood mononuclear 
cells: comparison of pretreatment with PIF at E/T ratio 50:1. 
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Fic. 5. NK assay of normal and trauma peripheral blood mononuclear 
cells: comparison of pretreatment with a-IFN at E/T ratio 50:1. 


Discussion 


NK cells have been described morphologically as large 
granular lymphocytes (LGL) without immunologic 
memory or need for prior priming. NK cells appear to be 
present in all normal persons and to show significant al- 
teration in disease states. Measurable NK activity, more- 
over, declines 20-100% as a result of long-term (18 hours) 
in vitro incubation of effector cells. Interferon, a known 
NK augmentor, apparently activates the NK system, re- 
sulting in retained or augmented NK activity in cultured 
cells; and it appears that interferon can also recruit new 
precursor NK cells from the LGL population into en- 
dogenously active cells. 

We are unable to explain why partially purified PIF 
demonstrated no less ability to augment NK activity than 
the highly purified serum derivative collected after chro- 
matographic purification. We suggest that purification 
according to procedures for PIF does not effectively con- 
centrate the biologically active component of our system 
as activity was not lost. Our work has eliminated interferon 
as a possible contaminant. 

There was a surprising decrease in the overall NK ac- 
tivity of normal effectors pretreated with PIF compared 
to the NK activity of untreated healthy effectors. It appears 
that the PIF used is not totally purified and may thus 
contain selectively inhibiting factors. 

Analysis of the extent of injury, according to the ISS, 
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and observed NK activity demonstrated no correlation. 
However, although the number of patients examined is 
small, the data suggest that the greatest depression of NK 
activity may occur within 5 days after injury with gradual 
recovery after 7 days. 

More investigation will be needed to explain fully the 
observed lower NK activity of trauma effector cells. It 
may be that trauma or sepsis prevents the recruitment of 
new NK cells by affecting precursor cells. Or trauma may 
so overwhelm or totally exhaust NK activity that im- 
mediate revitalization is not possible despite the addition, 
in vitro, of powerful NK-augmenting agents. The additive 
NK effect observed when PIF was combined with inter- 
feron suggests that the former works via a complementary 
mechanism. The failure of both PIF and interferon to 
restore NK activity to the levels comparable to healthy 
donors indicates a serious immune functional defect in 
trauma patients. In some instances, PIF appeared to be 
essential to any measurable level of NK activity. 

Several lines of evidence suggest that PIF production 
is closely related to the production of IL-1. Thus, it may 
be that PIF, like IL-1, augments NK activity via induction 
of IL-2. Results from investigation of this line of reasoning 
are still pending. 
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The relationships between plasma colloid osmotic pressure 
(COP,) and interstitial fluid volume (IFV) as well as postoper- 
ative fluid balance were investigated in a prospective study in- 
volving 53 patients undergoing elective abdominal aortic recon- 
struction. The patients were divided into four groups according 
to pre- and postoperative blood replacement and fluid therapy 
programs whereby a continuum of postoperative COP,-values 
between 33 and 16 mmHg was obtained. Measurements were 
done before the operation and on days 1 and 4 after surgery. 
After surgery, COP, below 20 mmHg led to increased IFV. On 
day 1, COP, was linearly correlated to the total amount of fluid 
retained during the day of operation. A positive fluid balance of 
3 L on this day ensured unchanged extracellular fluid volume 
(ECV). Of the 3 L, 1.5 L was insensible water loss and 1.5 L 
had moved into the cells. On day 4 after surgery, COP, below 
22 mmHg was associated with increased plasma volume. The 
authors suggest that COP, be maintained above 20 mmHg after 
major surgery, and positive fluid balance should not exceed 5 L 
during the day of operation. 


since 1961 has moved towards increasing use of 


Ts TREND in pre- and postoperative fluid therapy 
crystalloids on the expense of colloid solutions. 


~ Still arguments for and against either proposition are ad- 


vanced.! It is commonly agreed that pulmonary function 
is relatively insensitive to lowering of plasma colloid os- 
motic pressure (COP,).** Conditions in the systemic cir- 
culation after lowering COP,, however, are not directly 
comparable to those of the pulmonary circulation but 
have received less attention, though several indications 
suggest that edema due to low COP, may interfere with 
various functions other than the pulmonary. The aims of 
the present study were: (1) to obtain a continuum of COP, 
values after a standardized major abdominal operation; 
(2) to relate the concomitant changes in extracellular fluid 
volume (ECV) and distribution to the COP,; and (3) to 
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define the limit beyond which a decreasing COP, leads 
to an increase in interstitial volume. Determination of 
such a limit should enable the surgeon to choose a fluid 
regimen according to the degree of postoperative edema 
considered acceptable. 


Materials and Methods 


Fifty-three patients undergoing elective reconstructive 
surgery on the abdominal aorta were included in this pro- 
spective study. ECV, plasma volume (PV), and COP, were 
determined before operation and on the first and fourth 
postoperative days. The informed consent of all patients 
was obtained according to the guidelines in the Helsinki 
declaration. Blood substitution and fluid replacement were 
carried out by four different programs. In group A (13 
patients), blood loss was replaced quantitatively by whole 
blood; in addition, albumin was administered to maintain 
postoperative COP, at preoperative levels. In group B(13 
patients), blood loss was replaced, but no extra albumin 
was given. Also, group C (14 patients) had blood loss re- 
placed milliliter for milliliter, and an intraoperative hy- 
dration program was followed, giving 15 ml isotonic saline 
per kg body weight during the first hour of operation and 
7.5 ml isotonic saline per kg each of the following 2 hours. 
Group D (13 patients) had blood loss up to 15% of the 
preoperative blood volume replaced by isotonic saline. 
Blood loss in excess of this was substituted by whole blood. 
The same hydration program was followed as in group 
C. Thus, increased hydration and a decreasing COP, were 
obtained. All operations were performed in general an- 
aesthesia using barbiturate induction followed by nitrous 
oxide-oxygen supplemented by fentanyl and diazepam. 

ECV was measured by means of the bolus injection, 
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TABLE |. Patient Characteristics and Composition of the Four Groups 














A B C D 
Number of patients 13 13 14 13 
Women/men 2/11 4/9 3/11 2/li 
Age (years) 57 (2..4)* 58 (30) 64 (1.6) 60 2.4) 
Body weight (kg) 64.7 (2.5) 63.8 (2.7) 70.1 GAA) 73.4 (3.0) 
Surface area (m°) 1.74 (0.04) 1.74 (0.05) 1.79 (0.04) 1.85 (0.04) 





* Mean values and (SEM), 


residue detection method.’ After injection of 5000 mg 
polyfructosan-S (Inutest®, Laevosan Gesellschaft, Linz, 
Austria) through a central venous catheter, blood samples 
were taken from the same catheter at intervals between 
5 and 240 minutes. The concentration of polyfructosan- 
S in plasma water was determined and plotted semiloga- 
rithmically against time. Non-compartmental analysis was 
applied and ECV calculated. PV was measured concom- 
itant with ECV by means of '*!-I-labelled albumin (IK 20 
S, Kjeller, Norway) using the semiautomatic apparatus 
Volemetron® (Ames Lab-Tek Inc., Billeria, MA).° Inter- 
stitial fluid volume (IFV) was determined by subtracting 
the PV from ECV. Plasma colloid osmotic pressure was 
measured at the same time as body fluid volumes using 
the Hansen osmometer.’ 

From the morning of the operation, fluid and electrolyte 
intake were registered, and urine output and concentration 
of electrolytes in urine were measured daily. Patients in 
diuretic therapy before the operation were maintained on 
diuretics; otherwise, diuretics were avoided. The patients 
were weighed on all days of measurement. 

Non-parametric statistics were used as tests for signif- 
icance. The Wilcoxon signed rank test for pair differences 
was used to compare pre- and postoperative data and the 
Mann-Whitney test to compare values from different 
groups. 


Results 


Table 1 shows the mean age and the sex distribution 
in the four groups as well as preoperative body weight 


TABLE 2. Baseline Values of the Measured and Calculated Variables 
before and after Correction to 1.73 m? Body Surface Area 








and surface area. The baseline values for COP,, ECV, 
PV, and IFV before and after correction to 1.73 m? body 
surface area are shown in Table 2. No statistically signif- 
icant differences were found between the groups. In Figure 
1, the changes in IFV/1.73 m? are plotted against the COP, 
for all patients on both postoperative days of measure- 
ment. The preoperative mean CoP, for all patients was 
27 + 2.4 mmHg (mean + SD). The change in IFV for 
values above 22.2 mmHg (i.e., preoperative mean minus 
2 SD) was evenly distributed between increased and de- 
creased IFV. COP, values below 22.2 mmHg lead to in- 
creased IFV in 28 patients and decreased IFV in four 
patients. All COP, values below 20 mmHg were accom- 
panied by increased IFV. No linear correlation was found. 

On the first postoperative day, 35 patients had an un- 
changed PV, defined as PV being within +10% of the 
preoperative value. In these patients, the fluid balance 
was increasingly positive with decreasing COP,,. Figure 2 
depicts the relation between COP, on the first postoper- 
ative day and standardized fluid balance, i.e., fluid bal- 
ance/1.73 m? (Fbal,) of the day of operation. The equation 
for the regression line of the 35 patients with unchanged 
PV was Fbal,, = —0.34 X COP, + 11.8 (N = 35; r = —0.80: 
p < 0.0001). The corresponding relationship for the pa- 
tients with either increased or decreased PV is shown in 
Figure 3. The regression line equation was: Fhal,, = —0.31 


L/⁄1.73m? 
4 alFV 


| 








A B C D 
COP, (mmHg) 26.2 (0.7)* 28.3 (0.7) 26.4 (0.5) 27.0 (0.6) ge aS 2 F 
ECV (L) 9.3 (0.5) 8.3 (0.3) 10.0 (0.7) 9.1 (0.3) f ye O go ono‘ 
ECV (L/1.73 m°) 9.2 (0.4) 8.2 (0.4) 9.7 (0.5) 8.5 (0.3) : eae eg . 
PV (L) 3.2 (0.1) 2810.1) 3.6402) 3.6 (0.1) o , “gh, 7 
PV (L/1.73 m?) 3.1 (0.1) 2.8 (0.1) 3.50.1) 3.3 {0.1) idy so oe tar 
IFV (L) 6.1 (0.4) 5.5(0.3) 64(0.6) 5.6 (0.3) = sy - COP 
EEV (L/1.73 m°?) 6.1 (0.4) 5.4(0.4)  6.2(04) 520.2) 3 : cae: x O P_ mmHg 
15 25 35 





COP, = plasma colloid osmotic pressure; ECV = extracellular fluid 
volume; PV = plasma volume: IFV = interstitial fluid volume. 

* Mean values and (SEM). 

No statistically significant differences among the groups. 


FIG. 1. Postoperative relation between COP, and change in interstitial 
fluid volume. Open circles: first postoperative day. Closed circles: fourth 
postoperative day. 
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Fic. 2. Plasma colloid osmotic pressure ys. fluid balance on the ficst 
postoperative day in patients with unchanged plasma volume. 


X COP, + 10.5 (N = 18; r = —0.80; p < 0.0001). The 
- slopes and interception values of two regression lines were 
not significantly different. 
z The changes in extracellular fluid volumes/1.73 m? and 
the fluid balance/1.73 m? on day 1 after surgery not cor- 
rected for insensible water loss are shown in Table 3 for 
all groups. A positive linear relationship was found te- 
tween fluid balance/1.73 m? on the day of operation and 
the change in interstitial fluid volume/1.73 m? (AIFV) 
from before operation to day 1. The equation was AIFV 
= 0.77 X Fbal, — 2.05; (N = 53; r = 0.667; p < 0.001). 
To determine how the mean fluid balance affected the 
ECV in the four groups, we subtracted the changes in IFV 
and PV from the mean fluid balance. In the groups having 
less than 3 L positive fluid balance, a decrease in ECV 
was found, whereas fluid balance above 3 L resulted in 
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_ FAG. 3. Plasma colloid osmotic pressure vs. fluid balance on the first 

- postoperative day in patients with either increased or decreased plasma 

volume. Triangles pointing up: increased plasma volume. Triargles 
pointing down: decreased plasma volume. 


PLASMA COLLOID OSMOTIC. PRESSURE AND INTERSTITIAL FLUID VOLUME 27 


TABLE 3. Fluid Balance/1.73 m? and Associated Changes in ECV 


on Postoperative Day I 
A* B* Cc _D* 

Fluid balance +2.2(0.3)t +2.7(0.2) +3.8(0.3) | +5.5 (0.2) 
AIFV ~0.8 (0.4) 0.0 (0.4) +0.9 (0.5) +2.3 (0.4) 
APF —0.1 (0.1) 0.2 (0.1) 0.0 (0.1) +0.2 (0.05) 
Fluid balance- 

AECV +3.1 (0.5)  +2.9 (0.4) +2.9 (0.4) +3.0 (0.4) 

* L/1.73 m’. 


+ Mean values and (SEM). 


increased ECV. The difference between fluid balance and 
the sum of changes in IFV and PV was found to be 3 L 
for all four groups. The distribution of this surplus fluid 
necessary to maintain unchanged ECV was also analyzed. 
Plotting the fluid balance (Fbal) versus change in body 
weight (ABW) leads to a positive linear correlation given 
by the equation: ABW = Fbal Xx 1.08 — 2.02 (N = 53;r 
= 0.8672). Solving this equation for ABW = 0 gives Fbal 
= 1.87 L. This amount of fluid corresponds to the un- 
measured weight losses and can be accounted for by the 
insensible water loss plus the weight loss by catabolism. 
The change in ECV plotted against change in BW re- 
vealed a positive linear correlation with the equation: 
AECV = ABW X 0.71 — 0.83 (N = 53; r = 0.7300). 
Solving this equation for AECV = 0 leads to a ABW = 1.2 
kg. Thus 1.2 L of the retained fluid was not found in the 
ECV on the first postoperative-day. Table 4 shows the 
effect of fluid balance/1.73 m? on the ECV. Some scatter 
on the results is seen but the pattern is clear: fluid balance 
below 2 L was associated with a decreased ECV. A positive 
fluid balance of 2—4 L led to an unchanged ECV while 


_fluid accumulation above 5 L inevitably led to an in- 


creased ECV. The mean fluid balances of patients with 
increased, unchanged, or decreased ECV were 4.6 + 1.8 
L/1.73 m?, 3.2 + 0.7 L/1.73 m?, and 2.4 + 1.2 L/1.73 
m7”, respectively. Each value is significantly different from 
the others (p < 0.05). 

The cumulative fluid balance on day 4 was plotted 
against the COP, and the resultant PV change was re- 
corded (Fig. 4). It was found that all COP, values below 


TABLE 4. Effect of Fluid Balance/1.73 m? on ECV 
on the First Postoperative Day 


No Patients No Patients No Patients 
with with with 
Increased Unchanged Decreased 
Fluid Balance ECV ECV ECV 
_ <2 L/1.73 m? 1 1 6 
2—4 L/1.73 m? 6 16 4 
4-5 L/1.73 m? 2 2 2 
>5 L/1.73 m? 13 0 0 
Total 22 19 12 
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FIG. 4. Plasma colloid osmotic pressure vs. cumulative fluid balance on 
the fourth day after surgery. Circles: unchanged plasma volume. Triangles 
depict changed plasma volume as in Fig. 3. 


22.2 mmHg were associated with increased PV. For values 
above 22.2 mmHg, 25 patients had unchanged PV, eight 
had increased PV, and one patient had a lower PV on the 
fourth day than before operation. 


Discussion 


The present study appears to be the first dealing with 
the relationship between COP, and IFV after major elec- 
tive surgical procedures. It is shown that COP, can be 
lowered to about 20 mmHg before interstitial edema oc- 
curs and that COP, values below this limit invariably lead 
to interstitial edema. No linear correlation was found be- 
tween the COP, and change in IFV either the first or the 
fourth postoperative day, but all COP, values below 20 
mmHg were associated with increased IFV. This can 
hardly be explained by a simple dilution of the plasma 
proteins as PV was unchanged in most patients with de- 
creased COP, on day 1. The findings are in accordance 
with computer simulation results,'° and consistent with 
the proposition of an edema-preventing washout of 
plasma proteins from the interstitium, as described by 
Fadnes'' and Reed.'? This mechanism was shown to be 
exhausted in the rat when the COP, was lowered more 
than some 5-10 mmHg; in the present study, the safety 
margin appears to be about the same order of magnitude. 

A positive fluid balance of 1.87 L in surplus of the 
measured losses resulted in an unchanged body weight. 
Insensible water loss on the day of operation has been 
estimated to be approximately 1500 ml,'? leaving some 
300 gm to catabolic weight loss'* and eventual underes- 
timation of operative blood loss. Out of the 3000 ml fluid 
surplus needed to ensure an unchanged ECV, 1200 ml of 
fluid are retained on the day of operation. Adding the 
endogenous water production of about 300 ml/24 h, there 
is a total of approximately 1500 ml of extra fluid that 
cannot directly be accounted for. Considering that plasma 
osmolality decreased in all groups of patients, despite hy- 
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perosmolality of the retained fluid, and the fact that cells 
gain sodium and lose potassium following surgical 
trauma,'*'* it seems a reasonable suggestion that these 
1500 ml of fluid have moved into the cells. 

The linear correlation between COP, and fluid balance 
on the first day after surgery corresponds to experimental » 
results with colloid and crystalloid priming solutions in 
cardiopulmonary bypass.!* This reflects the well known 
fact that more fluid is needed to maintain circulating vol- 
ume when crystalloid solutions are used. 

In discussing consequences of a low COP,,, distinction 
should be drawn between the effect on the pulmonary 
and the systemic circulation. Accumulated clinical evi- 
dence now favors the concept that extravascular fluid shift 
in the lung is relatively insensitive to lowering of the col- 
loid osmotic pressure in plasma. This apparent conflict 
with the Starling equation is explained by two physiolog- 
ical properties of the pulmonary circulation. Firstly, the 
pulmonary lymphatics have the ability to increase fluid 
transport up to tenfold and, thus, to cope with an in- 
creased amount of fluid across the capillary membrane. 
Secondly, as the interstitial protein concentration in the 
lungs reaches up to 70-80% of that of plasma,>”°?! the 
colloid osmotic pressure difference across the capillary 
endothelium is relatively small and the hydrostatic pres- 
sure difference becomes the main factor determining 
transcapillary fluid transport. Further, as pointed out by 
Civetta,” the high interstitial protein concentration acts 
as an effective safety mechanism against edema formation 
by offsetting increases in the pressure gradient through a 
decrease in interstitial protein concentration caused by 
dilution and washout. In patients to be resuscitated from 
hypovolemic or septic shock, conditions may be different. 
A recent report on pulmonary edema in such cases seems 
to indicate that the maintenance of a normal COP, may 
be of greater importance in the critically ill patients.” 

In the systemic circulation, on the other hand, trans- 
capillary fluid transport is to a greater extent governed by 
the Starling equilibrium forces.” Thus, lowering of COP, 
below 20 mmHg exposes the tissues to edema formation, 
which in divers ways may interfere with normal functions. 
A number of reports have described adverse effects of in- 
terstitial edema in several regions, including the cardiac 
muscle’? and intestines,'°?** Also peripheral oxygen 
transport has been reported to suffer, with eventual 
retarded wound healing and increased susceptibility to 
wound infection as consequences.” Less tangible, 
though not less relevant, is the concern expressed by 
Shackford et al.*! that overhydration makes mobilization 
of the patients more difficult. Possible advantages of a low 
COP,,, as opposed to maintaining COP, at preoperative 
level by supplemental albumin infusion, may be facilitated 
lymphatic drainage from the overhydrated interstitium?! 
and increased stimulation of hepatic protein synthesis, 
including the acute phase proteins.4?“3 In the authors’ 
opinion, COP, should not be allowed to go below 20 
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mmHg, corresponding to a total protein concentration of 
50 g/L, and the fluid balance should not exceed 5 L per 
1.73 m2 surface area on the morning of the first postop- 
erative day. If routine fluid administration regularly ex- 
ceeds this limit in a clinic, the patients should be weighed 
and COP, controlled. 

On the fourth postoperative day after uncomplicated 
major elective surgery, the total circulating protein mass 
had attained the preoperative level in these patients.“ As 
the present study shows (Fig. 4), a decrease in COP, at 
this time is likely to be a dilution phenomenon associated 
with increased PV and IFV. In the clinical setting this 
observation is of consequence for the treatment. If the 
decreased protein concentration is treated with infusion 
of albumin or whole blood under these circumstances, it 
may well result in overloading of the circulation and 
eventually pulmonary stasis or edema. 
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Thrombotic occlusion of the entire superior central venous system 
is a rare complication of central venous catheterization. Three 
patients are presented with complete occlusion of the superior 
yena cava secondary to prolonged central venous catheterization. 
Thrombotic occlusion of the superior vena cava precludes central 
venous access by conventional techniques. Thoracotomy with di- 
rect catheterization of the right atrium and inferior vena cava 
cannulation represent alternative approaches but may be asso- 
ciated with significant morbidity. The present report describes 
a unique combined angiographic/operative technique designed 
to obtain central venous access with low morbidity in patients 
with occlusive thrombosis of the superior central venous system. 


INCE ITS INTRODUCTION in 1973, the Silastic® per- 
manent right atrial catheter has been used with in- 
creasing frequency in patients requiring prolonged 

parenteral nutrition, chemotherapy, or antibiotics." 
Several insertion methods have previously been described 
in uncomplicated patients.’"'° The initial technique in- 
volved a cutdown to the cephalic vein, open venotomy, 
and advancement of the catheter tip into the right atrium 
under fluoroscopic guidance.’ Use of the external jugular 
vein or percutaneous insertion into the subclavian vein 
represent alternative routes of catheter insertion.°° All of 
these techniques may be performed under local anesthesia 
with minimal morbidity. 

Because of expanding indications for the use of chronic 
central venous access, conventional routes of access are 
occasionally unavailable because of previous catheter-re- 
lated complications. An isolated central venous throm- 
bosis is a recognized complication of prolonged central 
venous catheterization.''~'* Superior vena cava throm- 
bosis with complete occlusion rarely occurs but precludes 
catheter insertion by many of the previously described 
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techniques. This brief report describes several approaches « 
for chronic central venous access in patients with total 
occlusion of the superior central venous system. 


Methods 


Three patients are presented with total superior central 
venous thrombosis secondary to multiple percutaneous 
and operative central venous catheterizations. These pa- 
tients are receiving home parenteral nutrition on the Nu- 
trition Support Service of the Hospital of the University 
of Pennsylvania. Since home parenteral nutrition was in- 
troduced to this hospital in 1975, 95 right atrial catheters 
have been inserted in 43 patients for a cumulative duration 
of 69.9 catheter-vears. Three of these patients have had 
total occlusion of the superior central venous system, and 
this report details our experience with this difficult 
problem. 


Case Reports 


Case l 


A 33-year-old female with a 16-year history of Crohn’s disease was 
transferred from another hospital with recurrent abdominal pain, diar- 
thea, and weight loss. Past medical history documents multiple hospi- 
talizations for medical therapy, total parenteral nutrition (TPN), and 
several operative resections of involved bowel. The residual 24 inches 
of partially diseased small bowel was functionally inadequate, and she 
required home TPN for her short gut syndrome. Because of multiple 
previous subclavian vein catheterizations, it had become increasingly 
difficult to obtain central venous access for nutritional support. She was 
admitted for central venous access with a Silastic right atrial catheter 
and training for home TPN. 

Preoperative venography revealed thrombosis of the subclavian veins 
bilaterally. The right external jugular vein was partially patent but drained 
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to the right atrium via collaterals and the azygos vein. The right internal 
jugular vein had been thrombosed and appeared recanalized. Most of 
the venous return from the head and upper extremities flowed into the 
azygos vein via collateral vessels. 

A combined angiographic/operative technique was utilized to position 
the tip of a Silastic catheter (Hickman catheter, Evermed, Medina, 
Washington) in the right atrium. After parenteral antibiotics were ad- 
ministered, a guidewire was introduced by retrograde femoral approach 
through the occluded superior vena cava and into the recanalized right 
internal jugular vein. The patient was immediately taken to the operating 
room, and a transverse incision was made overlying the anterior border 
of the sternocleidomastoid muscle. The proximal portion of the Hickman 
catheter was subcutaneously tunneled from an exit site on the anterior 
chest wall to this incision. The right internal jugular vein was isolated 
and a controlled venotomy made over the guidewire. A Dormia basket 
catheter was introduced over the guidewire and the wire removed. The 
tip of the Hickman catheter was grasped within the basket and the basket 
catheter slowly withdrawn at the femoral vein. With the tip of the Hick- 
man catheter fluoroscopically positioned in the right atrium, the basket 
was opened to release the Hickman catheter tip. The angiographic catheter 
was then removed from the femoral vein. 

A postoperative chest roentgenogram confirmed the location of the 
catheter tip in the right atrium, and the catheter functioned well after 
operation. Despite manipulation through a thrombosed central venous 
system, there was no clinical evidence of pulmonary embolism in the 
immediate or subsequent postoperative period. This catheter functioned 
well for 27 months until removal was necessitated by Pseudomonas 
aeruginosa infection. 


Case 2 


A 38-year-old female presented with short gut syndrome secondary 
to multiple surgical resections of small and large bowel for complications 
of Crohn’s disease. Prolonged central venous access was required for the 
chronic administration of fluid, electrolytes, and nutrients. Percutaneous 
subclavian catheters had been inserted on multiple previous occasions 
and preoperative venography revealed occlusion of the left innominate, 
right subclavian, and right axillary veins with a recanalized right internal 
jugular vein. A guidewire was inserted by retrograde femoral vein ap- 
proach and advanced through the occluded right axillary vein. 

In the operating room, a Dormia basket catheter was positioned over 
the guidewire and a cutdown performed over the palpable guidewire in 
the right axilla. The proximal portion of the Hickman catheter was in- 
~ troduced into an exit site on the anterior chest wall and tunneled into 
the incision. After a controlled venotomy, the tip of the Hickman catheter 
was grasped within the basket and positioned in the right atrium by 
withdrawing the basket catheter from the femoral vein. No clinically 
detectable complications were observed in the postoperative period. This 
catheter has continued to function well for over 38 months. 


Case 3 


A 60-year-old female presented with short gut syndrome from multiple 
small bowel resections secondary to Peutz-Jeghers disease and required 
central venous access for prolonged parenteral nutrition. After multiple 
previous percutaneous and operative venous access procedures, venog- 
raphy demonstrated superior vena cava occlusion above the right atrium 
(Fig. 1). The right subclavian vein drained into the azygos and hemiazygos 
veins in a retrograde direction and then into the inferior vena cava. The 
left subclavian vein drained into the right atrium via numerous collateral 
vessels. 

A guidewire was directed in a retrograde fashion from the basilic vein, 
through the thrombosed central venous system to a patent left eleventh 
intercostal vein. The intravascular route of this wire was from the right 
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Fic. |. Venogram demonstrating superior vena cava thrombosis above 
the right atrium, The right subclavian vein drains retrograde into the 
azygos and hemiazygos veins and then into the inferior vena cava. Nu- 
merous collateral vessels drain the left subclavian vein into the right 
atrium. 


basilic vein through the right axillary and subclavian veins, to the superior 
vena cava, and finally through the azygos and hemiazygos systems to 
the left eleventh intercostal vein. The guidewire was changed to a Dormia 
basket catheter and the patient taken to the operating room. After in- 
duction of general anesthesia, an incision was made inferior to the elev- 
enth rib at the posterior axillary line. The eleventh intercostal vein was 
isolated, a venotomy made, and the angiographic catheter visually iden- 
tified. The Hickman catheter was cut to the appropriate length, grasped 
by the Dormia basket, and guided into position by slowly withdrawing 
the catheter from the basilic vein. After the Dormia basket was opened 
to release the Hickman catheter, fluoroscopy revealed the catheter tip 
to be in the hemiazygos system, which was receiving rapid collateral 
blood flow (Fig. 2). The catheter was secured in place and exited from 
the skin at the tenth intercostal space in the anterior axillary line. This 








FIG. 2. Postoperative chest roentgenogram demonstrating the Hickman 
catheter in the eleventh intercostal vein with its tip positioned in the 
hemiazygos vein. 
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catheter has continued to function without difficulty for more than 6 
months. 


Discussion 


The Broviac catheter was first introduced in 1973 for 
the administration of long-term parenteral nutrition.” 
Since its development, the permanent right atrial catheter 
has been modified by Hickman, and the indications for 
its use have been greatly expanded.**'* Patients receiving 
home parenteral nutrition, cancer chemotherapy, or pro- 
longed antibiotic therapy constitute the majority of in- 
dividuals currently requiring chronic central venous ac- 
cess, 15.15.16 

The original technique of insertion was described by 
Heimbach and Ivey in 1976 and involves a cutdown tech- 
nique over the cephalic vein.’ The procedure is performed 
under local anesthesia and requires intraoperative fluo- 
roscopy to confirm proper positioning of the catheter tip 
in the right atrium. Alternative methods for obtaining 
central venous access include cutdown over the external 
jugular vein and percutaneous insertion through the sub- 
clavian vein and internal jugular veins.*®!° 

Central venous thrombosis after subclavian vein cath- 
eterization was first recognized by McDonough and Al- 
temeier in 1971.!’ Since this initial observation, symp- 
tomatic subclavian vein thrombosis has been reported in 
3 to 5% of patients requiring prolonged central ve- 
nous catheterization.'!~'* Asymptomatic subclavian vein 
thrombosis, detected by angiographic or radionuclide 
studies, has been reported in 20 to 70% of patients with 
subclavian catheters.''!®!9 Despite recent attempts to de- 
crease subclavian thrombosis by changing catheter com- 
position and size, altering acidity of the infusate, heparin 
coating of the catheter or intravenous infusion of heparin, 
zentral venous thrombosis remains a significant compli- 
zation of central venous catheterization.'*” 

Because of the necessity to maintain long-term central 
venous access in an increasing number of patients, 
thrombotic occlusion of the superior central venous sys- 
tem has recently become a significant morbidity in this 
patient population. Extensive superior central venous 
=hrombosis most commonly arises after multiple proce- 
dures to establish central venous access by percutaneous 
and operative techniques.'2?! Although an uncommon 
event, this complication precludes catheterization of the 
central venous system by many standard techniques. 
Acute thrombolytic therapy has not been successful in 
our experience with these patients. 

Several methods exist for obtaining central venous ac- 
cess in individuals with occlusive superior central venous 
thrombosis. Oram-Smith et al. in 1978 performed direct 
operative catheterization of the right atrium for parenteral 
nutrition.” Malt and Kempster recently reported direct 
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catheterization of the azygos vein and superior vena cava 
in a patient with bilateral thrombosis of the subclavian 
and internal jugular veins.” However, both of these tech- 
niques require mediastinotomy/thoracotomy with their 
attendant risks. 


Fonkalsrud et al. in 1982 reported catheterization of « 


the saphenous vein in the thigh with placement of the 
catheter tip in the inferior vena cava.” However, 
ambulation may be severely restricted, and infection may 
be increased by catheter placement in the femoral region. 
A reasonable fear of inferior vena cava (IVC) thrombosis 
with hepatic and renal vein thrombosis is understandable. 
Maher reported catheter insertion by a retroperitoneal 
approach to the IVC using the inferior epigastric vein.” 
This technique avoids catheter placement below the in- 
guinal ligament and has been successfully performed in 
two patients. 

The present report describes an alternative technique 
for establishing central venous access in patients with 
thrombotic occlusion of the superior central venous sys- 
tem without risking thrombosis of the IVC. Venography 
is performed to demonstrate the extent of central venous 
thrombosis and all patent peripheral and collateral venous 
pathways. A guidewire is subsequently inserted by ret- 
rograde approach through the thrombosed/occluded ve- 
nous system and is advanced under fluoroscopy to a patent 
peripheral vein; the internal jugular, axillary, intercostal 
vein, or large collateral vessel may be used for this purpose. 
In the operating room, an incision and venotomy is per- 
formed over the palpable guidewire and a basket catheter 
advanced over this wire. After tunneling from the exit site 
to the incision, the tip of the Hickman catheter is grasped 
within the basket and the basket catheter slowly with- 
drawn. With the tip of the Hickman catheter fluoroscop- 
ically positioned in the right atrium, the grasp is released 
and the basket catheter removed. 

At this institution, three patients have developed oc- 
clusive superior central venous thrombosis while receiving 
home parenteral nutrition. In all instances, central venous 
access was successfully obtained by this technique without 
significant morbidity. Despite strong theoretical concern, 
no clinical or laboratory evidence of pulmonary embolism 
occurred in any patient following catheter insertion by 
this technique. Excellent catheter function has resulted in 
prolonged, daily administration of parenteral nutrition. 
No catastrophic thrombosis of the IVC has occurred. 


Summary 


A combined angiographic/operative technique for ob- 
taining central venous access in patients with occlusive 
thrombosis of the superior extra- and intra-thoracic central 
venous system is presented. A Dormia basket catheter is 
utilized from a retrograde approach to position the cath- 
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eter tip in the right atrium. This approach avoids the po- 
tential morbidity of IVC thrombosis with catheter place- 
ment in the inferior vena cava and the morbidity of tho- 
racotomy with catheterization of the right atrium. 
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Hereditary spherocytosis is a clinically heterogeneous, geneti- 
cally determined red blood cell membrane disorder resulting in 
hemolytic anemia. A deficiency of spectrin, the largest and most 
abundant structural protein of the erythrocyte membrane skel- 
eton, results in the formation of spherocytes which lack the 
strength, durability, and flexibility to withstand the stresses ef 
the circulation. Clinical manifestations of the disease are pri- 
marily dependent on the severity of hemolysis, which additionally 
results in an increased incidence of pigment gallstones. The like- 
lihood of cholelithiasis is directly related to patient age and is 
uncommon before 10 years of age. Splenectomy is indicated in 
virtually every patient. When the disease is diagnosed in early 
childhood, the risk of overwhelming postsplenectomy sepsis 
makes it advisable to delay splenectomy until after 6 years of 
age if possible. At the time of splenectomy, it is important to 
identify and remove any accessory spleens. If gallstones are 
present, cholecystectomy should be performed. Although sphe- 
rocytosis persists following splenectomy, hemolysis is alleviated 
and clinical cure of the anemia is achieved for most patients. 
Patients with recessively inherited spherocytosis are exceptions. 
Although they are significantly benefited by splenectomy, their 
anemia is not completely corrected. Splenectomy reduces he- 
molysis in all patients and thereby decreases the risk for devel- 
opment of pigment gallstones. Excision of an enlarged spleen 


removes the danger of traumatic rupture. 
H heterogeneous, genetically determined red 
blood cell membrane disorder resulting in he- 
molytic anemia. HS has an incidence in the United States 
of 2-4 cases per 10,000 population.'? The pattern of in- 
heritance is typically autosomal dominant with other af- 
fected family members being found in approximately 75% 
of cases. Sporadic cases, presumably occurring as new 
mutations, and rare cases presenting in an autosomal re- 
cessive manner account for the remainder.’ 
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The membrane defect resulting in the shortened sur- 
vival of erythrocytes in HS has been found to be a defi- 
ciency in spectrin, the largest and most abundant struc- 
tural protein of the red cell membrane skeleton.“ 
Thought to be responsible for the shape, strength, and 
reversible deformability of the red cell, the membrane 
skeleton provides the flexibility and durability necessary 
for the erythrocyte to withstand the turbulence, pressures, 
and shearing stresses of the circulation.’ Spectrin defi- 
ciency in the membrane skeleton leads to a gradual loss 
of red cell surface area so that the erythrocyte becomes 
spherical instead of remaining a biconcave disc. Incapable 
of deforming adequately to traverse the splenic microcir- 
culation, the relatively rigid spherocytes are trapped in 
the splenic red pulp and are destroyed. 

Clinical manifestations of HS are variable and are re- 
lated to the severity of hemolysis. Rarely, the disease can 
be so severe that repeated blood transfusions are necessary 
in infancy and splenectomy is required early in childhood. 
Alternatively, the anemia can be so mild as to go unno- 
ticed, with the diagnosis being established late in life after 
the development of symptomatic cholelithiasis. An aplas- 
tic crisis, usually precipitated by a viral illness, or a he- 
molytic crisis may produce a rapidly worsening anemia 
that may be life threatening. Most patients have a minimal 
increase in serum bilirubin as a direct consequence of 
active, ongoing red cell destruction. Intermittent episodes 
of jaundice may occur, often in association with a viral 
illness. As a result of the chronic hemolysis, patients with 
HS have an increased incidence of pigment gallstones. 
Splenomegaly of a mild to moderate degree is a charac- 
teristic physical finding. The diagnosis can be established 
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by demonstration of spherocytes in the peripheral blood 
smear, reticulocytosis, an increased osmotic fragility of 
fresh and incubated red cells and a negative direct 
Coombs’ test. Whenever possible, studies of family mem- 
bers also should be performed. 

This article cites our experience with HS over the past 
15 years and reviews the clinical presentation, diagnosis, 
and management of this disease. Additionally, the im- 
portant new diagnostic role of spectrin analysis will be 
illustrated in several of our patients having HS on the 
basis of presumed autosomal recessive inheritance.’ 


Case Reports . i 
Patient 1 


As a full-term newborn, this 5-year-old white female developed jaundice 
with a peak serum bilirubin of 19.6 mg/dl. At 4 weeks of age she was 
severely anemic with a hematocrit of 21% and a reticulocyte count of 
8.4%. Her red cells were spherocytic, and a direct Coombs’ test was 
negative. Incubated erythrocytes demonstrated increased osmotic fragility. 
Hereditary spherocytosis existed in the mother and maternal grand- 
mother. Throughout early childhood, her disease remained well com- 
pensated with her hematocrit ranging from 28 to 34% and reticulocytes 
ranging from 7.1 to 12.1%. Transient scleral icterus and mild worsening 
of anemia occurred on several occasions with a viral illness. Intermittent 
episodes of upper abdominal discomfort were felt possibly to represent 
biliary colic. The spleen was easily palpable. An ultrasound examination 
demonstrated sludge within the gallbladder. Splenectomy was performed, 
removing a 220 g spleen and two accessory spleens measuring 1.0 and 
1.5 cm in diameter. Small calculi were palpable within an otherwise 
normal gallbladder. A cholecystectomy was performed with the gall- 
bladder containing numerous 1-2 mm pigment stones. Her postoperative 
course was uncomplicated, and she was discharged on the fifth postop- 
erative day. Over the subsequent 2 years, she has remained well with a 
normal hematocrit and reticulocyte count. 


Comment 


NO This patient demonstrates the typical form of hereditary 


spherocytosis which follows an autosomal dominant pat- 
tern of inheritance. Splenectomy in this type of patient 
alleviates hemolysis and achieves clinical cure of the ane- 
mia although spherocytosis persists. 


Patient 2 


This ! 1-year-old white female was found to have a hemoglobin of 4.5 
g/dl when she was 3 months old. Her red cells were spherocytic, and 
a Coombs’ test was negative. Incubated erythrocytes demonstrated in- 
creased osmotic fragility. There was no family history of HS. Bone marrow 
aspiration showed extreme erythroid hyperplasia. She received packed 
red cells on three occasions, and after 6 months of age her hematocrit 
remained about 12% with 15 to 35% reticulocytes without further trans- 
fusions. At 17 months of age, she was icteric, and her spleen was palpable 
at the level of the umbilicus. A chest radiograph showed borderline car- 
diomegaly. The hemoglobin was 4.3 g/dl. Splenectomy was performed, 
removing a 365 g spleen, which showed marked congestion with he- 
mosiderin deposition. A 0.5 cm accessory spleen also was excised. Fol- 
lowing an uncomplicated recovery, she was discharged on the seventh 
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postoperative day. Her hemoglobin rose after splenectomy and during 
the subsequent 9% years has remained at 11 to 12 g/dl with an associated 
reticulocyte count of 5 to 6%. Spherocytosis continues to be remarkably 
prominent. 


Patient 3 


This 8-year-old sister of Patient 2 weighed 2530 g and was noted to 
have spherocytosis when she was born 2 weeks prematurely. Serum bil- 
irubin rose to 17 g/dl, and she required ultraviolet light and exchange 
transfusion. Over the next 10 weeks, her hematocrit steadily declined to 
7%. She received red cell transfusions every 4 to 6 weeks thereafter until 
splenectomy was performed at age 7 months. The spleen was palpable 
below the lefi costal margin and weighed 80 g. A 1.0 cm accessory spleen 
also was excised. She recovered from the operation without complication 
and was discharged on the fifth postoperative day. Over the subsequent 
Th years, her hemoglobin has been 11 to 12 g/dl and reticulocytes have 
numbered 6 to 7%. Red cell morphology has remained identical to that 
of her older sister. 


Comment 


Further evaluations of Patients 2 and 3 were carried 
out at 7 and 5 years of age, respectively.? Their red cell 
membrane ghosts were found to be at least 50% deficient 
in spectrin when analyzed by sodium dodecyl sulfate 
polyacrylamide-gel electrophoresis (SDS-PAGE), and the 
spectrin deficiency also was detected when whole red cell 
lysates were analyzed by radioimmunoassay.*° Their par- 
ents, who were distantly related (fourth cousins), were 
clinically normal and were found to have normal amounts 
of red cell membrane spectrin.’ All grandparents, uncles, 
and aunts had normal red cells. There was no familial 
history of blood disorders. 

Patients 2 and 3 demonstrate a severe form of hereditary 
spherocytosis that results from an inadequate amount of 
spectrin in the membrane skeleton. The severity of the 
disorder required early splenectomy, which produced 
striking clinical improvement but incomplete relief of the 
hemolytic anemia. The mode of inheritance was probably 
autosomal recessive.’ 


Patient 4 


This full-term white male neonate was jaundiced at birth with umbilical 
cord blood kaving a serum direct bilirubin of 9 mg/dl. At 3 days of age, 
his bilirubin had risen to 61 mg/dl. His hematocrit was 21% with a 
reticulocyte count of 16.5%. Subsequently, the severity of anemia required 
red cell transfusions every 3 to 6 weeks to maintain the hematocrit above 
15%. His parents and two older siblings were healthy with no history of 
anemia or jaundice, and there was no familial history of blood disorders. 
Hyperbilirubinemia gradually cleared. Extensive investigation of his 
anemia, which included a direct Coombs’ test, incubated osmotic fragility, 
hemoglobin electrophoresis, and comprehensive analysis of red cell en- 
zymes, reveeled normal findings. Bone marrow aspiration disclosed in- 
tense erythroid hyperplasia. Analysis of red cell membrane ghosts dem- 
onstrated severe spectrin deficiency.*’ At 14 months of age, a palpably 
enlarged spleen weighing 130 g and a 2 mm accessory spleen were excised. 
Recovery was uncomplicated, and over the subsequent 15 months his 
hemoglobin has ranged from 10-13 g/dl with 2 to 5% reticulocytes. 
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TABLE 1. Clinical Data in Patients With Hereditary Spherocytosis 




















Transfusion Average 

Age Number of Patients Palpable Dependent Splenic Weight, Accessory 
(Years) (Male, Female) Spleen Anemia grams (Range) Spleen Cholelithiasis 

0-4 5 (3, 2) 5 4 185 (80-365) 4 0 

5-9 7 (4, 3) 7 0 250 (100-600) 4 2 

10-14 3 (1, 2) 2 0 590 (260-1025) 0 l 

15-19 1 (0, 1) l 0 700 (700) l 0 

20+ 75,2) 7 0 630 (380-800) 0 3 
Total 4 = 

23 (13, 10) 22 (96%) 9 (39%) 6 (26%) 

Comment clinical data in these patients are displayed in Table 1. 


Because of the severity of this patient’s hemolytic ane- 
mia, transfused red cells constituted the majority of his 
circulating erythrocytes and resulted in the incubated os- 
motic fragility being normal. A similar explanation is 
postulated for the presence of normal amounts of red cell 
membrane spectrin in normal transfused cells in this pa- 
tient but a deficiency of spectrin in his microspherocytes 
and reticulocytes separated from older transfused cells by 
lowspeed centrifugation.’ 

The absence of a familial history of hereditary sphero- 
cytosis, the severity of this patient’s hemolytic anemia, 
and the partial alleviation of hemolysis by splenectomy 
Suggest that this patient is homozygous for a recessive 
trait, >68 


Patient 5 


A 23-year-old white male was known to have hereditary spherocytosis 
since a chronic anemia was evaluated as a teenager. He had been well 
compensated by a reticulocytosis that maintained his hematocrit between 
34 and 37%. A positive family history was present, and his father had 
andergone splenectomy for the disease. During a bout of infectious 
mononucleosis, his hematocrit decreased to 23% and he became icteric. 
After recovery, he accepted the recommendation for splenectomy. The 
spleen was easily palpable in the left upper quadrant. He had no symptoms 
suggestive of recurring biliary colic, and oral cholecystography demon- 
strated a normally functioning gallbladder without calculi. Following 
splenectomy, his hematocrit rose to 43% and he had significantly more 
energy, an improved feeling of well being, and an increased exercise 
tolerance. 


Comment 


Patients with mild hereditary spherocytosis frequently 
notice an increase in energy and an improved sense of 
well being that is difficult to explain on the basis of a slight 
improvement in their hemoglobin level following sple- 
nectomy. 


Clinical Material and Results 


During the 15-year period from 1970 through 1984, 23 
patients had splenectomy for hereditary spherocytosis at 
the North Carolina Memorial Hospital. The pertinent 


Age at splenectomy ranged from 7 months to 64 years. 
Twelve patients were less than 10 years of age at operation, 
and four patients were under 18 months of age. These 
latter four patients had transfusion dependent anemia re- 
quiring packed red cells every 3 to 6 weeks. There were 
13 males and 10 females, reflecting the equal sex incidence 
of HS. Twenty-two of our patients were white and one 
was black. Splenomegaly was detected by palpation in 22 
patients (96%) and was confirmed by splenic weight in all 
patients. Splenic weights ranged from 80 to 1025 g with 
the average splenic weight increasing with patient age. In 
adult patients, the splenic weights were approximately 
three to five times normal. Accessory splenic tissue was 
identified in nine (39%) of the patients, eight of whom 
were children under 10 years of age. An accessory spleen 
was present in all four children with transfusion dependent 
anemia. 

Cholelithiasis was present in six (26%) of our patients 
and was demonstrated before operation by either oral 
cholecystography or gallbladder ultrasonography. Cho- 
lecystectomy was performed at the time of splenectomy 
in five patients. One patient had required cholecystectomy 
for symptomatic cholelithiasis prior to splenectomy. Our 
youngest patient with cholelithiasis (Patient 1) was a 5- 
year-old girl with upper abdominal symptoms suggestive 
of recurring biliary colic in whom ultrasonography dis- 
closed gallbladder sludge. 

The immediate postoperative recovery period was re- 
markably free of complications for this otherwise healthy 
group of patients. One patient undergoing cholecystec- 
tomy and common duct exploration at the time of sple- 
nectomy was initially felt to have a retained common duct 
stone. A subsequent tube cholangiogram, however, dis- 
closed a normal biliary tract. Another patient having sple- 
nectomy alone developed transient, mild elevation in 
serum amylase without other clinical evidence of pancre- 
atitis. Postoperative pneumonia and wound infection did 
not occur in this series. The average length of hospital- 
ization after operation was 5.6 days. 

All patients were significantly benefited by splenectomy 
with complete correction of anemia in the majority. Four 


1 


Vol. 203+ No. ł 


Fic. 1. In the hypothesized Pietei arame 


structure of the erythrocyte 
membrane and membrane 
skeleton, spectrin dimers are 
linked to each other at one 
end to form tetramers (long 
strands) and are linked into 
a network by attachment to 
actin (small grouped spheres) 
at the other end. The spec- 
trin-actin binding is greatly 
strengthened by the presence 
of protein 4.1 (large spheres). 
The network is attached to 
the lipid membrane via an- 
kyrin through linkage to pro- 
tein 3 embedded in the lipid 
bilayer. Protein 4.1 may also 
bind the actin-spectrin com- 
plex to the transmembrane 
glycoprotein glycophorin. 
(Modified from Lux SE and 
Shohet SB. The erythrocyte 
membrane skeleton: bio- 
chemistry. Hosp Pract 1984; 
19(10):77-83. Reproduced 
and used with permission.) 


Ankyrin 
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patients in whom severe spectrin deficiency has been doc- 
umented, Patients 2, 3, and 4 and a 15-month-old male 
with transfusion dependent anemia and no family history 
of hereditary spherocytosis, were all improved following 
splenectomy. Although they no longer require transfusion, 
these four patients remain moderately anemic (hemoglo- 
bin 10 to 13 g/dl). 


Discussion 


The clinical presentation of hereditary spherocytosis is 
primarily dependent on the severity of hemolysis. Pro- 
longed or excessive hyperbilirubinemia in the neonatal 
period may be an early manifestation of severe disease.” 
In older children and young adults, symptoms of anemia, 
intermittent jaundice, or splenomegaly may lead to eval- 
uation and diagnosis. Hereditary spherocytosis resulting 
from autosomal dominant inheritance commonly is as- 
sociated with a family history of anemia, jaundice, sple- 
nectomy, cholelithiasis, and cholecystectomy. A negative 
family history is to be expected in patients in whom HS 
results from spontaneous mutation or autosomal recessive 
inheritance. In those kindreds with autosomal recessive 
inheritance, the presumed homozygotes have marked 
spherocytosis and severe hemolysis. Heterozygotes are 
asymptomatic, and their red cells have a normal shape.>* 

During the past 15 years, research into the structural 
organization of the red cell has contributed to a better 
understanding of many hemolytic anemias. Immediately 
beneath the lipid bilayer of the erythrocyte plasma mem- 
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brane is the membrane skeleton that is thought to be re- 
sponsible for the shape, durability, and reversible deform- 
ability of the red cell.*°* The membrane skeleton is 
formed by a reticular network of three polypeptides, spec- 
trin, actin, and protein 4.1.*°* Spectrin, so named because 
it was initially extracted from red cell ghosts (spectres), is 
the principle structural protein of the membrane skele- 
ton.** Spectrin is a long, flexible molecule comprised of 
two string-like subunits (alpha and beta chains) aligned 
in parallel and twisted about each other to form the spec- 
trin dimer.** Through head to head association, spectrin 
dimers form tetramers and higher oligomers in which di- 
mers are joined to form spiderweb-like structures. At their 
distal ends, spectrin tetramers bind with actin, an inter- 
action that is markedly enhanced by protein 4.1, to con- 
nect tetramers and higher oligomers into a two-dimen- 
sional network, the membrane skeleton.** 

In the hypothesized structure of the red cell membrane, 
the membrane skeleton is attached to the inner surface 
of the lipid bilayer by two other proteins (Fig. 1). Ankyrin 
binds to spectrin and is itself “anchored” through linkage 
to protein 3, an integral protein embedded in the lipid 
bilayer.*** Binding between the actin-protein 4.1 complex 
and glycophorin, another integral protein of the lipid bi- 
layer, provides another point of attachment for the mem- 
brane skeleton.*** The elastic, self-supporting membrane 
skeleton is thus firmly attached to the lipid membrane 
and serves to maintain the shape and structural integrity 
of the erythrocyte against the stresses of the circulation.** 

Defects of the membrane skeleton due to deficiencies 
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TABLE 2. Incidence of Cholelithiasis in Hereditary Spherocytosis 








Number Number with Age in Years 

of Cholelithiasis ge 

Author/Y ear Patients (%) <10 >10 
Bates and Brown, 

1952 93 40 (43) l 39 
Chamberlain, 1962 25 8 (32) NS NS 
Krueger and Burgert, 

1966 8i* 8 (10) 4 4 
Barker and Martin, 

1969 28 9 (32) NS NS 
Lawrie and Ham, 

1974 20 11 (55) NS NS 
Rutkow, 1981 58 12 (21) l li 
Croom et al., 1986 23 6 (26) 2 4 





NS = Not stated. 
* All children under 15 years of age. 


of skeletal proteins or defective association of skeletal 
proteins recently have been described in certain hereditary 
hemolytic anemias.* Preeminent among these is hereditary 
spherocytosis. The first example of a membrane skeletal 
defect producing hemolytic anemia was found in several 
strains of the house mouse. In these animals with auto- 
somal recessive spherocytosis, the red cells are so fragile 
that they spontaneously lose membrane vesicles until the 
limiting spherical shape is reached. This extraordinary 
red cell fragility results from severe spectrin deficiency.>* 
Several variant strains have been identified in which the 
severity of hemolysis correlates closely with the degree of 
spectrin deficiency. Furthermore, incorporation of normal 
mouse spectrin into spectrin deficient red cells results in 
a reduction in their osmotic and mechanical fragility and 
improvement of their structural integrity.>* 

A human analogue of the mouse model has been found 
in some inbred kindreds and is illustrated in patients 2 
and 3. Both patients had marked spherocytosis and severe 
hemolysis with their red cells having less than 50% of the 
normal spectrin content.*° This rare form of hereditary 
spherocytosis resulting from marked spectrin deficiency 
is recessively inherited. 

The more common autosomal dominant form of he- 
reditary spherocytosis has been found to result from de- 
fective binding of spectrin to protein 4.1.°? Using a highly 
sensitive radioimmunoassay for spectrin quantitation, 
Agre et al. have demonstrated a modest spectrin deficiency 
{5 to 20%) in these patients also.°° Additionally, the mag- 
nitude of the spectrin deficiency has been found to cor- 
relate with the severity of the disease.° It is speculated that 
a partial deficiency in spectrin results in an underlying 
membrane skeleton that cannot support adequately all 
regions of the lipid bilayer, leading to loss of small areas 
of unsupported lipid and integral membrane proteins.° 
Thus far partial spectrin deficiency and defective binding 
of spectrin to protein 4.1 are clearly established membrane 
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skeletal defects resulting in hereditary spherocytosis in 
man. Because of the marked heterogeneity of HS, it is 
likely that other defects such as defective binding of the 
membrane skeleton to the lipid bilayer may be responsible 
for some forms of HS that are not explained by either of 
these identified pathophysiologic mechanisms.>* 

As a result of the defect in the membrane skeleton, the 
erythrocytes of patients with HS are more fragile and 
gradually lose membrane vesicles with resultant loss of 
surface area and sphering. These spherocytic red cells are 
limited in their ability to deform, and because of their 
inability to squeeze through the small pores between en- 
dothelial cells of the splenic sinuses to enter the venous 
circulation, they are readily trapped in the splenic red 
pulp. 

Splenectomy is indicated in virtually every patient with 
hereditary spherocytosis. When the diagnosis is established 
in early childhood, the risk of overwhelming postsple- 
nectomy sepsis makes it advisable, if possible, to delay 
elective splenectomy until after 6 years of ge. If anemia 
is severe enough to require frequent transfusion or if he- 
molytic crisis or other associated clinical problems occur, 
splenectomy should be performed regardless of the pa- 
tient’s age. Four of our patients had transfusion dependent 
anemia and required splenectomy before 18 months of 
age. Splenectomy with identification and removal of any 
accessory splenic tissue is relatively easy in the very young 
child. The danger of overwhelming sepsis can be reduced 
by penicillin prophylaxis and administration of pneu- 
mococcal vaccine after 2 years of age when the child has 
become capable of a satisfactory antibody response. 

Chronic hemolysis results in an increased development 
of pigment gallstones. The incidence of cholelithiasis in 
HS ranges from 10% to 55%?"'4 (Table 2). The likelihood 
of cholelithiasis is directly related to patient age, and cho- 
lelithiasis before 10 years of age is uncommon. The in- 
cidence of cholelithiasis in adult patients with HS is ap- 
proximately 30%, and evaluation of all adult patients by 
preoperative gallbladder ultrasonography or oral chole- 
cystography seems advisable. If cholelithiasis is identified, 
cholecystectomy should be performed at the time of sple- 
nectomy. 

Although spherocytosis persists following splenectomy, 
hemolysis is alleviated and clinical cure of the anemia is 
achieved for most patients. Patients with recessively in- 
herited spherocytosis are exceptions. Although these pa- 
tients are significantly benefited by splenectomy, their 
anemia is not completely corrected. Splenectomy reduces 
hemolysis in all patients and thereby decreases the risk 
for development of pigment gallstones. Excision of an 
enlarged spleen removes the danger of traumatic rupture. 

Overlooked accessory splenic tissue occasionally results 
in recurrence of the hematologic disorder for which sple- 
nectomy had been performed. Cases of recurrence of 
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hemolysis in hereditary spherocytosis have been re- 
ported,'*!” and a careful search to identify and remove 
any accessory spleens should be done at the time of sple- 
nectomy. Accessory splenic tissue was identified in 39% 
of our patients, eight of whom were children under 10 
years of age. An accessory spleen was present in all four 
children with transfusion dependent anemia. This some- 
what higher incidence of accessory spleens and, in partic- 
ular, the presence of accessory splenic tissue in all of our 
youngest and most severely affected patients support the 
hypothesis that very small nests of splenic tissue in patients 
with hematologic disease respond to stimulation from the 
disease and grow to a clinically detectable size more com- 
monly than similar nests of splenic tissue in patients with- 
out hematologic disease.'® 
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Prophylactic Platelet Administration During 


Massive Transfusion 


A Prospective, Randomized, Double-Blind Clinical Study 
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DAVID CIAVARELLA, M.D. LOIS BARON, B.S.N. 


EDWARD PAVLIN, M.D. 


Prior studies at Harborview Medical Center have suggested that 
dilutional thrombocytopenia is a major etiology of microvascular, 
nonmechanical bleeding (MVB). We undertook a prospective 
randomized double-blind clinical study to compare the prophy- 
lactic effects of 6 units of platelet concentrates (PLT) versus 2 
units of fresh frozen plasma (FFP) administered with every 12 
units of modified whole blood in patients undergoing massive 
transfusion (12 or more units in 12 hours). After exclusions, 
three of 17 patients who received PLT and three of 16 patients 
who received FFP developed MVB, an incidence no different 
from our previous findings. Regression lines of platelet counts 
during transfusion were no different between groups, and both 
groups had higher platelet counts than predicted from a standard 
washout equation. Only one patient had evidence of dilutional 
thrombocytopenia as a cause for MVB. Prophylactic platelet 
administration is not warranted as a routine measure to pre- 
vent MYB. 


ASSIVE TRANSFUSION of stored blood may result 

in diffuse microvascular bleeding (MVB), a 

syndrome characterized by the onset of oozing 

from mucosa, raw wounds, and puncture sites.' A pri- 

mary disorder of hemostasis is suggested, as standard sur- 

gical techniques do not effectively arrest the process. Mul- 

tiple etiologies have been implicated. However, several 

studies have shown that dilutional thrombocytopenia is 
& major contributing factor.” 

We documented a strong correlation between platelet 
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counts and the amount of blood transfused in a prior 
study of hemostasis in massively transfused trauma pa- 
tients.? This study revealed the likelihood of thrombo- 
cytopenia in patients receiving blood replacement greater 
than 1.5 times their blood volume. The modified whole 
blood (MWB) transfused (from which platelets and/or 
cryoprecipitate are salvaged before storage)° provided he- 
mostatic levels of all clotting factors in the majority of 
patients without the need for supplementation with fresh 
blood or fresh frozen plasma (FFP). Although the levels 
of factors V and VIII are diminished in MWB, hemostatic 
levels were maintained in vivo, except in patients whose 
combined deficiencies of platelets and fibrinogen suggested 
a consumptive process. Microvascular bleeding was cor- 
rected by platelet concentrate (PLT) transfusion.* 

` Because of the considerable evidence that dilutional 
thrombocytopenia is the major cause of the diffuse mi- 
crovascular bleeding seen during massive transfusion, we 
sought to determine whether prophylactic administration 
of platelets to patients undergoing massive transfusion 
would prevent this complication. Since 6 units of PLT (a 
standard dose) contain the equivalent of 1.5 to 2 units of 
FFP, any effectiveness of platelet transfusions may not be 
solely the result of platelets but also of the plasma con- 
stituents. Therefore, we also examined the hypothesis that 
prophylactic PLT transfusions were more efficacious than 
prophylactic FFP infusion in the prevention of the mi- 
crovascular bleeding associated with the massive trans- 
fusion of stored blood. 
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Methods 
Protocol 


The study protocol was reviewed and approved by the 
Human Subjects Review Committee of the University of 


* Washington. All patients 18 years of age or older admitted 


x. 


to the emergency room of Harborview Medical Center 
who were likely to require massive transfusion (defined 
as receiving 12 or more units of blood within a 12-hour 
period) were considered for study. The following were 


` excluded from entry into the study: patients with known 


severe pre-existing liver disease or portal hypertension; 
patients with demonstrated pre-existing thrombocyto- 
penia or coagulopathy; patients with penetrating injuries 
to the brain”*; patients whose major bleeding source was 
the gastrointestinal tract; patients with burns covering 
more than 10% of body surface area’; and patients re- 
ceiving low molecular weight dextran (Table 1). Whenever 
possible, informed consent was obtained prior to entry 
into the study; however, because of the sudden and serious 
nature of the patients’ conditions, randomization was of- 
ten undertaken before consent was obtained. 

Upon entry into the study, blood samples for hema- 
tocrit, platelet count, prothrombin time (PT), partial 
thromboplastin time (PTT), thrombin time (TT), and as- 
says of coagulation factors I (fibrinogen), H, V, VO, VIA, 
IX, X, and XI were obtained. After 12 units of blood had 
been transfused, blood samples were again collected and 
the patient was randomized to receive either 6 units of 
PLT (containing approximately 420 mi of plasma) or 2 
units of FFP (containing about 440 ml). Either blood 
component was packaged in a single transfusion pack of 
identical appearance. The true nature of the blood com- 
ponent being infused was known by the blood bank per- 
sonnel but was not revealed to either the research staff or 


ge. the physicians caring for the patient at the time of ad- 


ministration. This sequence was repeated with each 12 
units of transfused blood, with the patient receiving the 
same component after 24 units, 36 units, and so on, as 
received at the initial 12 units. In most cases, blood sam- 
ples for the studies mentioned above were also obtained 
30 minutes after the component was given. 

A final blood sample for coagulation studies was ob- 
tained 12 to 24 hours after the last component was ad- 
ministered. However, if a patient developed laboratory 
evidence of disseminated intravascular coagulation (de- 
fined as a platelet count less than 80,000/ul and fibrinogen 
less than 80 mg/dl) or microvascular bleeding, an exit 
blood sample for coagulation studies was obtained, the 
patient was removed from the study, and specific therapy 
was given as indicated. Microvascular bleeding (MVB) 


*. was determined by the attending physician based on the 


following criteria: bleeding from mucous membranes; 
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TABLE 1. Criteria for Exclusion from Study 


1. Patients with severe, pre-existing liver disease or portal 
hypertension. Liver disease was assessed by one of the following: 
a. Biopsy-proven cirrhosis; 
b. Serum bilirubin = 2 mg/dl in the absence of hematologic 


disegese; 
c. Serum albumin < 2.5 g/dl in the absence of nephrosis or 
malnutrition; 
d. Baseline PT 4 seconds above control (with commercial PT 
reagents). eu ; 
2. Patients with pre-existing thrombocytopenia (<100,000/yl) or 
coagulopethy. f i 
3. Patients with penetrating wounds to the head, with concurrent 
brain injury. 
4. Patients whose major source of bleeding was the gastrointestinal 
tract 
. Patients with burns greater than 10% of body surface area. 
. Use of low molecular weight dextran. 


Nw 


oozing from catheter sites that persisted after application 
of pressure; continuous oozing from surgical wound and 
raw tissue surfaces; and generalized petechiae or increased 
size of ecchymoses. No other coagulation product was 
administered during the time period of the study; if such 
were thought necessary by the attending physician, an 
exit blood sample was obtained for analysis, and the pa- 
tient was removed from the study. 


Laboratory Methods 


Whole blood was drawn from healthy random donors 
at the Puget Sound Blood Center into CPD anticoagulant 
and stored at 2-6° according to standard procedures. 
Platelet concentrates (PLT) were produced according to 
the method of Slichter and Harker.’° Cryoprecipitated 
factor VIII concentrates were prepared by the method 
reported by Slichter et al.,° using a refrigerated freezing- 
thawing bath that allows the cryoprecipitate to be removed 
and modified whole blood to be available for transfusion 
within 8 hours of the time the blood was collected. FFP 
was prepared by standard methods. Platelets were stored 
at 22 C for <72 hours,'! each unit containing 60-70 ml 
of plasma. Clotting factor levels in this plasma have been 
shown to contain >80% of all factors except factors V 
and VII, which are at =50% levels. Hematocrits were 
calculated from the erythrocyte count and the mean cor- 
puscular volume using an electronic particle counter. 
Platelet counts were also performed using an electronic 
particle counter.!*!> Blood for coagulation screening tests 
and clotting factor assays was collected into plastic tubes 
containing 1/10 volume of 3.8% sodium citrate, appro- 
priately adjusted for hematocrit. Samples were spun at 
15,000 X g for 20 minutes and frozen within 2 hours of 
collection at —70 C until assayed. The PT was performed 
by the method of Quick using human brain thrombo- 
plastin,'* the PIT by the method of Proctor and Rapaport 
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TABLE 2, Pre-entry Exclusions 


Number of 
Reason for Exclusion Patients | 
Delayed notification 
Liver disease 


Rapid demise 

Only packed cells available 
Suspected platelet antibodies 
DIC 

Surgeon’s choice 


Total 
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using human brain cephalin,'® and the TT by the method 
of Brodsky.'? Fibrinogen was assayed by a .kine-ic 
method.'*!8 Values < 100 mg/dl were repeated using a 
total clottable method.'!%° Factors I, V, VII, and X were 
assayed by a one-stage test based on the PT. Factors VII, 
IX, and XI were assayed by a one-stage test based on the 
PTT. Normal plasma for coagulation standards was a pool 
of plasmas from 25 healthy donors. Plasma deficient in 
Factor I was prepared by mixing equal volumes of aged 
normal serum and AL({OH); (Amphojel®) absorbed 
plasma. Plasma deficient in Factor V was aged, oxalated 
plasma. Plasmas deficient in factors VIII and IX were 
obtained by plasmapheresis of patients with severe he- 
mophilia A or B. Plasma deficient in Factors VII, X, and 
XI were purchased from Helena Laboratories, Beaumont, 
Texas. 


Data Analysis 


Standard statistical methods were used for data analysis, 
with grouped data presented as the mean + 1 SEM. A 
pne-way analysis of variance was first performed to test 
significance of differences between several groups of sam- 
ples. If this test indicated that a difference existed, then a 
=wo-sample t-test was performed to assess the differences 


TABLE 3. Past-entry Exclusions 


Patient Component 

# Group* Diagnosis Reason for Exclusion. 
1 FFP Trauma Laboratoryt 

12 PLT Trauma Protocol break 

17 PLT Trauma Blood samples clotted 

28 PLT Trauma Blood samples lost 

32 PLT Trauma Protocol break 

33 PLT Trauma Protocol break 

37 FFP Aneurysm Laboratoryt 

38 PLT Aneurysm Laboratoryt 


* FFP = fresh frozen plasma (2 units/dose); Pit or Platelets = platelet 
concentrates (6 units/dose). 

t Platelet count <80,000/p1 ane brinogen < 80 mg/dl before receiving 
component. 
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between individual groups. Bonferroni’s method was used 
for correction of critical values in the case of simultaneous 
multiple comparisons.”! Differences in proportions were 
analyzed by chi square analysis and, when expected values 
were less than 5, by Fisher’s exact test. Regression lines 
were calculated by the least-squares method and corre- 
lations estimated by calculation of the correlation coef- 
ficient, r, and the coefficient of determination, R?. Analysis 
of variance was used to calculate variance ratios, distrib- 
uted as F, to test the significance of the regression. Dif- 
ferences between correlation coefficients were analyzed 
by Fisher’s z-test.”7 


Results 
Patient Entry and Exclusions 


During the period from September 1, 1982, through 
November 7, 1983, 84 patients were admitted to Har- 
borview Medical Center who were at least 18 years old 
and required at least 12 units of blood transfused within 
12 hours. Of these, 23 were omitted from the study be- 
cause their eligibility was not recognized early enough 
and/or nonrandomized components were administered. 
Three others expired before adequate blood samples could 
be obtained. Thirteen other patients were excluded from 
study for various reasons: three for severe pre-existing liver 
disease, two for penetrating injuries to the brain, three for 
intraoperative use of low-molecular weight dextran, two 
for severe burns and thrombocytopenia, one in whom it 
was determined prospectively that only packed red cells 
would be available, one patient with very early develop- 
ment of disseminated intravascular coagulation (DIC), 
and one (who had previously received massive platelet 
transfusions) who was suspected of having antiplatelet 
antibodies. Four patients were excluded from the study 
at the request of the attending physicians; all had severe 
bleeding at the sites of injury. One of these patients was 
felt to have difftise microvascular bleeding after only 8 
units of transfused blood with thrombocytopenia (platelet 
count = 45,000/zl) as his only significant clotting abnor- 
mality. A summary of these pre-entry exclusions is pro- 
vided in Table 2. 

Thus, 41 patients were eligible nonexcluded candidates 
for study. These patients were prospectively randomized; 
22 received platelet concentrates (PLT) and 19 received 
fresh frozen plasma (FFP). Eight patients were later ex- 
cluded because of breaks in protocol or because a reason 
for exclusion was not realized until after entry (Table 3). 
There were nine patients with ruptured abdominal aortic 
aneurysm (AAA) and 32 patients with trauma, most as a 
result of motor vehicle accidents. Of the nine patients 
with AAA, two were excluded from the final analysis be- 
cause of presentation with massive hemostatic breakdown 
(i.e., a laboratory exclusion). The trauma patients included 
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TABLE 4. General Characteristics 
Fresh Frozen 
Group Platelets Plasma 
Number 17 16 
Age (years + 1 SD) 58 + 19 43 +22 
Range 19-88 20-82 
Male/female 11/6 13/3 
Mortality 10/17 (59%) 8/16 (50%) 
Ruptured aneurysm 4 3 
Trauma 13 13 
Penetrating 2 1 
Blunt : 1 12 
Liver laceration I 5 
Pelvic fracture 3 2 
Hours of hypotension* 0.7 + 0.8 14414 
Hours of hypoxiat 0.6 1.6 1.6. + 3.0 
Liters of crystalloid 10.5 + 3.8 13.5 + 5.5 


* Hypotension = systolic BP < 80 mmHg. 
t Hypoxia = arterial PO, < 60 mmHg. 


nine patients with liver trauma (3 PLT, 6 FFP), two of 
whom were excluded from final analysis for breaks in 
protocol, and six patients with pelvic fractures (3 PLT, 3 
FFP), of whom one was excluded for a break in protocol. 


General Characteristics 


Of 41 patients entered, 24 expired (59.9% mortality). 
After exclusions, the mortality rate was 55% (18/33) (Table 
4). While age, duration of hypoxia, and diagnoses were 
relatively well-matched between the groups, the patients 
receiving fresh frozen plasma did have a longer period of 
hypotension and slightly more crystalloid solution infused 
on average than the patients receiving platelet concen- 
trates, although this does not achieve statistical significance 
(0.05 < p < 0.10 by two-tailed t-test). 

The transfusions were relatively rapid, with 80% of the 


“N, total transfusion accomplished within the first 6 hours. 


‘ Four out of five units of the blood administered were in 
the form of modified whole blood. These same relation- 
ships held when the patients were broken down by treat- 
ment group (Fig. 1). An average of 20.6 units of blood 
was transfused per patient with ranges of 12 to 39 units 
for the PLT group and 14 to 41 units for the FFP group. 

Hematocrits initially taken in the field were relatively 
normal (Fig. 2). However, by the time the patients arrived 
at the hospital, these values had dropped by 25% (p 
< 0.05), indicative of the rapidity of hemorrhage, trans- 
capillary refilling, and exogenous fluid administration oc- 
curring in these patients. By the time 12 units of blood 
had been infused, the decline in hematocrit had been ar- 
rested. 


Incidence of MVB 


After exclusions, 33 patients were included in the sta- 
tistical analysis. Of these, 17 patients were randomized to 
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FIG. 1. Cumulative volume of blood (in units) transfused at three different 
time points. Top of each vertical bar represents group mean with crossbars 
indicating +1 SEM. PLT = 17 patients who received prophylactic platelet 
component therapy; FFP = 16 patients who received prophylactic fresh 
frozen plasma component therapy. MWB = modified whole blood; PRBC 


= packed red blood cells. 


receive PLT and 16 patients received FFP. Six patients 
exhibited abnormal microvascular bleeding, three from 
each component group. This was an incidence of ap- 
proximately 18%, a rate no different from that seen in 
our previous study of patients with similar injuries who 
received no prophylactic therapy whatsoever (Table 5). 


50 @ PLT group (n= 17) 
o FFP group (n= 16) 

40 

g * 

= 3 

cc 

8 x 

w 

5 20 

Ir 
10 x p<0.02 from prior sample 





Field, Admission 12 24 


units units 
transfused transfused 


FG. 2. Alterations in group mean hematocrit values (+1 SEM) at four 
sample time points. PLT = patients receiving prophylactic platelet com- 
ponent therapy; FFP = patients receiving prophylactic fresh frozen plasma 
therapy. No significant differences between the two study groups exist. 


TABLE 5. Incidence of Microvascular Bleeding 


Prior Study? 
Platelet FFP ears Sep 
Group Group (No Treatment) 
Number of patients 17 16 24* 
Number with MVB 3 3 5 
(Per cent) (18) (19) (21) 


* Excluding patients with disseminated intravascular coagulation. 
+ MVB = microvascular bleeding. 


` Six patients had been ingesting alcohol just prior to 
injury; none of these patients exhibited microvascular 
bleeding. One patient (#38) who was excluded for labo- 
ratory reasons was taking warfarin and dipyridamole at 
the time of admission. Importantly, patient #31 (PLT 
group), who developed MVB after 16 units of blood, was 
taking aspirin at the time of admission for a ruptured 
AAA. This may have played a role in the development 
of his abnormal bleeding. There was no other significant 
history of anticoagulant drug ingestion, bone marrow 
failure, thrombocytopenia, coagulation factor deficiency, 
"or vasculitis in any study patient. 

A clinical description of the patients with MVB is found 
in Table 6. Only one patient (#19) showed evidence that 


dilutional thrombocytopenia was responsible for the 


MVB. This patient was randomized to receive FFP pro- 
phylactically, developed thrombocytopenia with MVB 
after 20 units of blood were transfused, and was effectively 
treated with a single dose of 6 units of platelet concen- 
trates. Two patients who received PLT (#23 and #31) and 
one patient who received FFP (#29) required multiple 
doses of platelet concentrates (6 units per dose) over sev- 
eral days for persistent thrombocytopenia and diffuse 
oozing. In these cases, infusion of platelets raised the 
‘platelet counts and controlled the oozing transiently, but 
subsequent reductions in platelet counts occurred with 
recurrent oozing. This phenomenon continued for 2 to 4 
days following the termination of the massive transfusion 
of modified whole blood. The other two patients with 


TABLE 6. Patients with Microvascular Bleeding: 
Response to Treatment 


Patient Study Platelet 

Number Group* Count Treatment Result 
19 FFP 40,000 Platelets* X 1 Bleeding stopped 
22 FFP 43,000 Blood Died on table 
29 FFP 69,000 Platelets x 3 Bleeding > 24h 
23 Pit —t Platelets x 3 Bleeding > 24h 
31 Pit 95,000 Platelets x 4 Bleeding > 24 h 
40 Pit 117,000 None Died, still oozing 


* FFP = Fresh frozen plasma (2 units/dose); Pit or Platelets = Platelet 
concentrates (6 units/dose). 
+ Platelet count after platelet concentrate therapy was 87,000. 
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MVB (#22 and #40), one from each treatment group, 
died from other causes with their coagulopathy uncor- 
rected. 


Coagulation Screening Tests and Clotting Factor Assays 


The results of the coagulation screening tests (PT, PTT, 
TT, fibrinogen) obtained on the 33 patients revealed no 
significant differences between the two study groups at 
any time point. Furthermore, there appeared to be no 
trends in these tests for either study group.” As an isolated 
event, the administration of FFP raised levels of fibrinogen 
significantly (p < 0.05) from 147 to 221 mg/dl. However, 
this change was not significant when corrected for si- 
multaneous multiple comparisons. 

The mean values for per cent of normal activity of most 
of the clotting factors assayed (II, VU, VII, [X, X, and 
XI) also showed no significant differences between the 
two study groups.” After the first dose of component, the 
mean level of factor V activity was significantly higher in 
the group receiving FFP (p < 0.05 after correcting for 
multiple comparisons) than those receiving PLT, and was 
also higher than the level existing before the component 
was administered (p < 0.01). However, the levels of factor 
V activity were seriously low (<25%) in only six patients 
(3 from each study group), and MVB developed in only 
two of these patients (1 from each group). Furthermore, 
factor V levels were identical between the two study groups 
by the time of exit from the study. 


Platelet Counts 


Platelet counts were found to drop significantly in all 
groups during transfusion (Fig. 3). After the component 
was administered, the counts increased noticeably but in- 
significantly in the group receiving platelets; however, this 
was a short-lived effect as the platelet count continued to 


decline until the patient exited the study. In the group ~ 


receiving FFP, the platelet counts continued to decline 
throughout the study period. 

An inverse relationship is apparent when platelet counts 
are plotted against the number of units of blood transfused 
before the administration of the component (PLT or FFP) 
(Fig. 4), confirming previous studies.” These regressions 
are highly significant (p < 0.0002), but as previously 
found,‘ the variability is high, as indicated by a coefficient 
of determination {R’) of 0.37. 

However, after the administration of either component, 
the relationship between the platelet count and the 
amount of blood transfused disappears (p > 0.10 and R? 
< 0.15). This flattening of the slope is seen even in the 
group that received only FFP and no platelets, making it 
unlikely that the administration of platelets alone is re- 
sponsible for arresting the drop in platelet counts. Rather, 
since massive transfusion with platelet-poor stored blood 
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has a dilutional effect on platelet counts, the relationship 
between platelet counts and the amount of blood trans- 
fused is exponential rather than linear.*°*> Thus, the 
change in slope seen in linear regressions performed before 
and after 12 units of blood had been transfused is a func- 
tion of the incremental reduction in slope present in such 
a washout phenomenon. Any effect of platelet transfusions 
on halting the decline in platelet counts is minimal when 
compared to the major effect already produced by dilu- 
tion. The regression lines for the two groups are nearly 
parallel to each other and are not different by Fisher's z- 
test for comparing correlation coefficients (p > 0.4). 

When exponential regressions are performed on the 
data in the two treatment groups (Fig. 5), a significant 
relationship is seen throughout the time course of the study 
(p < 0.05), but again variability is high (R? = 0.24 for 
patients receiving platelets and R? = 0.35 for patients re- 
ceiving FFP). Again, there is no significant difference be- 
tween the regression lines by Fisher’s z-test for comparing 
correlation coefficients (p > 0.6). 

It is possible to calculate theoretical values for the di- 
lutional effects on platelet counts by continuous exchange 
transfusion from the equation: 


Platelet count, = platelet counto X e ™™ a) 


where O and t refer to the time of origin and the time of 
interest, respectively, b refers to the blood volume infused 
in time t, and v is the recipient’s blood volume. The results 
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Fic. 3. Alterations in group mean platelet counts (+1 SEM) at four 
sample time points. PLT = patients receiving prophylactic platelet com- 
ponent therapy; FFP = patients receiving prophylactic fresh frozen plasma 
therapy. No significant differences between the two study groups exist. 
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Fic. 4. Plot of platelet counts against the number of units of blood trans- 
fused to the patient. Separate linear regression lines are drawn for each 
treatment group for data taken before prophylactic component therapy 
was administered (<12 units of blood transfused) and for data taken 
after prophylactic component therapy was administered (> 12 units of 
blood transfused). Regressions for both treatment groups are statistically 
significant at <12 units of blood transfused (p < 0.001) but are not 
statistically significant at > 12 units of blood transfused (p > 0.1). 


of such calculations are also depicted in Figure 5; the as- 
sumption of a normal average blood volume of 65 ml/kg 
is made for a standard body weight of 70 kg.”° From this 
figure, it is apparent that not only were the platelet counts 
higher than predicted for the group that received prophy- 
lactic platelets, but they were also higher than would be 
anticipated for the group that received only FFP. 


Discussion 


We and others have previously identified dilutional 
thrombocytopenia as the major cause of diffuse micro- 
vascular bleeding that sometimes occurs during the 
massive transfusion of stored blood.?™* Because of this 
evidence, we conducted a prospective, randomized dou- 
ble-blind clinical study to test the hypothesis that the ad- 
ministration of prophylactic platelet concentrates with 
every 12 units of blood transfused would effectively pre- 
vent thrombocytopenia and diffuse microvascular bleed- 
ing, except in cases of disseminated intravascular coag- 
ulation. Because platelet concentrates also contain fresh 
plasma, a control group of patients was also randomly 
assigned to receive fresh frozen plasma. 

Our results indicate that such prophylactic therapy is 
ineffective in preventing diffuse microvascular bleeding. 
Three of 17 patients who received PLT (17.6%) and three 
of 16 patients who received FFP (18.8%) developed diffuse 
microvascular bleeding that was not a consequence of 
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Fic. 5. Exponential! regres- 
sion lines for data points pre- 
sented in Figure 4, Regres- 
sion lines for both treatment 
groups are statistically signif- 
icant (p<0.0001). Line 
drawn for predicted levels of 
platelet counts is based on 
an exponential equation for 
continuous exchange trans- 
fusion (see text). 
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DIC as defined by our criteria (platelet count < 80,000/ 
ul and fibrinogen < 80 mg/dl). In a previous study, we 
found that five of 24 patients (20.8%) developed non-DIC 
diffuse microvascular bleeding, an incidence not signifi- 
cantly different from the current study. 

The effectiveness of prophylactic platelet administration 
in preventing thrombocytopenia during massive trans- 
fusion is also questionable. While the average platelet 
counts were higher after the administration of platelet 
concentrates with every 12 units of blood than in patients 
who received FFP (Fig. 3), the overall declining trend of 
platelet counts during massive transfusion was not ap- 
preciably altered. Simple linear regression was able to find 
a relationship between platelet counts and the amount of 
blood transfused only during the initial phase of trans- 
fusion, before any blood component had been adminis- 
tered (Fig. 4). However, there was a great deal of variability 
in the relationship, as we had seen in our previous study,’ 
implying that more than mere dilution was responsible 
for the platelet counts observed. By using exponential 
regression for what is presumably an exponential function, 
it can be seen that the curves for the two treatment groups 
in our study are essentially parallel and not significantly 
different from each other (Fig. 5). Approximately 35% of 
the variability in platelet counts can be accounted for by 
dilution (R* = 0.35) in the patients who received only 
FFP, while dilution accounts for less of the variability 
seen in the patients who received platelet concentrates 
(R? = 0.24), most likely because of the slight positive in- 
fluence on platelet counts from the administration of 
platelets. However, it is interesting that in both groups, 
the regression lines seen are noticeably higher than those 
predicted to occur if thrombocytopenia were 100% the 
result of dilution. Miller, et al.,° noted similar findings in 





their study of massive blood transfusion in battle casual- 
ties. When the estimated blood volume is calculated from 
the exponential regression lines observed in the group re- 
ceiving FFP, one obtains an amount (15.4 liters) that is 
roughly three times larger than the normal range.”* This 
volume refers to the platelet-containing pool that is theo- 
retically being depleted by exchange transfusion with 
platelet-poor stored blood. The implication is that platelets 
are being released into the circulation counteracting the 
effects of dilution. The most likely source for such platelet 
reserves is the spleen,?””? which normally pools about 
one-third of the circulating platelets.” Alternative expla- 
nations for higher than expected platelet counts include 
circulation of nonfunctional platelets (such as may have 
been transfused in the blood units) and premature release 
from bone marrow. The prophylactic administration of 
platelet concentrates adds little to the large endogenous 
release implied in Figure 5. 

It may be argued that it is difficult to prevent a situation 
that has already occurred. The important feature of an 
exponential function as given in equation (1) is that the 
major drop in platelet counts occurs very early, and later 
changes become progressively smaller. From the estimated 
curves in Figure 5, it is apparent that platelet counts in 
an asplenic person might fall below 100,000 from dilution 
with as little as 6 units of platelet-poor blood. While the 
observed exponential regression line for the group of pa- 
tients who received only FFP indicates that endogenous 
mobilization was able to maintain counts above 100,000 
beyond 12 units of transfused blood (Fig. 5), the overall 
average platelet counts actually observed (Fig. 3) would 
indicate that platelet counts had already fallen below 
100,000 before the first unit of platelet concentrates was 
due to be given. Indeed, as previously mentioned, there 
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was one patient excluded from entry into this study be- 
cause his platelet counts had already fallen below 80,000, 
and he had developed diffuse microvascular bleeding after 
only 8 units of transfused blood; his fibrinogen level and 
coagulation screening tests were not markedly abnormal 
at the time. Obviously, the platelet count a patient initially 
presents with is a significant determinant of the levels his 
platelet count may drop to from dilution alone. However, 
the large portion of the decline in platelet counts will occur 
early in the dilution. It is therefore not surprising that our 
administration of platelet concentrates after 12 units of 
blood had been transfused had little effect on the platelet 
counts; at that point, the counts were already markedly 
depressed and the continuing effects of dilution were 
minimized. 

It should not be concluded, though, that platelet con- 
centrates should be administered earlier in the course of 
transfusion to prevent dilutional thrombocytopenia. It is 
difficult to anticipate which patients are necessarily going 
to require large transfusions initially and even more dif- 
ficult to anticipate which will develop diffuse microvas- 
cular bleeding.’ Additionally, simple dilutional throm- 
bocytopenia as a cause of diffuse microvascular bleeding 
may be less common than previously thought. In our cur- 
rent study, we identified only one patient (#19) out of 16 
who developed thrombocytopenia while receiving platelet- 
poor transfusions and whose bleeding promptly ceased 
following the administration of a single six-pack of platelet 
concentrates. It would be wasteful to administer platelets 
prophylactically to all patients for a condition that at most 
may affect only one out of 16 (6.25%) of those with mas- 
sive transfusion, and for a condition that is so readily and 
effectively treated when it occurs. This is especially true 
if one undertook to prevent the condition by the early 
administration of platelet concentrates to maintain nor- 
mal platelet counts; many patients who may initially re- 
quire rapid blood transfusions do not ultimately require 
massive amounts. 

Additionally, it appears that thrombocytopenia in pa- 
tients who develop MVB is caused not only by dilution 
but also by consumption of platelets; indeed, two-thirds 
of the thrombocytopenia was not accounted for by dilu- 
tion with blood transfusions (R? = 0.35). Consumption 
is indicated by the fact that three of the six patients who 
developed MVB required repeated doses of platelets to 
maintain adequate platelet counts and to halt their per- 
sistent oozing. Much of this took place after the initial 
period of massive transfusion, and thus ongoing dilution 
was not a factor in the loss of platelets. Two of these pa- 
tients had sustained pelvic fractures and one had suffered 
a ruptured abdominal aneurysm; these are clinical situ- 
ations that may well predispose patients to develop platelet 
consumption.*! Evidence for the consumption of other 
clotting factors was present in most of the patients with 
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MVB, although rarely to severe levels unless DIC had 
developed.” Only one patient (#19) had MVB in the 
presence of thrombocytopenia and adequate levels of 
other clotting factors. 

Our results indicate that thrombocytopenia developing 
from the rapid, massive transfusion of stored blood starts 
early, but is counteracted by endogenous platelet release 
keeping platelet counts to levels higher than predicted by 
standard washout equations. The subsequent develop- 
ment of diffuse microvascular bleeding in certain patients 
is most often the result of platelet and/or clotting factor 
consumption initiated by the patient’s injuries. Dilutional 
thrombocytopenia as a cause of MVB is infrequent 
enough that the prophylactic administration of platelet 
concentrates to attempt to prevent such bleeding is un- 
warranted. If evidence of platelet consumption can be 
found once diffuse microvascular bleeding has developed, 
then platelet administration is obviously necessary, but 
large amounts and repeated doses are often required. 
Currently, no reliable method exists to identify which pa- 
tients are likely to develop this complication. 
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Extends single-drug reach 
in empiric therapy of 
postoperative infections 


Clinically proven highly effective against the important gram-positive 
and gram-negative pathogens, including Enterobacteriaceae, 
Staphylococcus and Pseudomonas, major sources of 


E bacterial septicemia E nosocomial pneumonia 
E postsurgical wound infection E complicated UTI 


Please see brief summary of Prescribing Information on last page. 
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25% improved)* treated for a wide range of infections. 


E As effective as the aminoglycosides alone or in 
combination, without exposing the patient to possible 
aminoglycoside toxicity. 


E Exceptionally well tolerated...safety profile similar to 
first-generation cephalosporins.* 


E The outcome of 6 years of intensive research by Glaxo. 


*Cured: Clinical findings subsided in a reasonable period of time with no clinical evidence of infection 
at the time the drug was discontinued or during follow-up. Improved: Clinical findings subsided 
significantly in a reasonable period of time but with incomplete resolution of evidence of infection, 
or relapse during follow-up, possibly related to underlying disease state. 

‘For a listing of all adverse reactions, please see brief summary. 

Please see brief summary of Prescribing Information on following page. 
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FORTAZ caxo 


ceftazidime for injection For intravenous or intramuscular use 


Brief summary. Before prescribing, consult complete prescribing information. 

INDICATIONS AND USAGE 

FORTAZ® is indicated for the treatment of patients with infections caused by susceptible strains of the 

designated organisms in the diseases listed below 

1. Lower Respiratory Tract Infections, including pneumonia, caused by Pseudomonas aeruginosa and other 
Pseudomonas species; Haemophilus influenzae, including ampicillin-resistant strains: Klebsiella species: 
Enterobacter species; Proteus mirabilis; Escherichia coli; Serratia species: Citrobacter species 
Streptococcus pneumoniae; and Staphylococcus aureus (methicillin-susceptible strains). 

2. Skin and Skin Structure Infections, caused by P aeruginosa; Klebsiella species: E. coli: Proteus species, 
including P mirabilis and indole-positive Proteus; Enterobacter species, Serratia species: S. aureus 
(methicillin-susceptible strains); and S. pyogenes (group A beta-hemolytic streptococci) 

3. Urinary Tract Infections, both complicated and uncomplicated, caused by P aeruginosa; Enterobacter 
species; Proteus species, including P mirabilis and indole-positive Proteus, Klebsiella species, and E. coli. 

4. Bacterial Septicemia, caused by P aeruginosa: Klebsiella species, H. influenzae; E. coli; Serratia species; S 
pneumoniae; and S. aureus (methicillin-susceptible strains) 

5. Bone and Joint Infections, caused by P aeruginosa; Klebsiella species, Enterobacter species. and S. aureus 
(methicillin-susceptible strains) 

6. Gynecological Infections, including endometritis, pelvic cellulitis and other infections of the female genital 
tract, caused by E. coli. 

7. Intra-Abdominal Infections, including peritonitis caused by E. coli; Klebsiella species, S. aureus 
(methicillin-susceptible strains); and polymicrobial infections caused by aerobic and anaerobic organisms, 
and Bacteroides species (many strains of B fragilis are resistant) 

8. Central Nervous System Infections, including meningitis caused by H. influenzae and Neisseria 
meningitidis. FORTAZ has also been used successfully in a limited number of cases of meningitis due to P 
aeruginosa and S. pneumoniae. 

Specimens for bacterial cultures should be obtained prior to therapy in order to isolate and identify 
causative organisms and to determine their susceptibility to ceftazidime. Therapy may be instituted before 
results of susceptibility studies are known; however, once these results become available, the antibiotic 
treatment should be adjusted accordingly. 

FORTAZ may be used alone in cases of confirmed or suspected sepsis. FORTAZ has been used successfully 
in clinical trials as empiric therapy in cases where various concomitant therapies with other antibiotics have 
been used 

FORTAZ may also be used concomitantly with other antibiotics, such as aminoglycosides, vancomycin, and 
clindamycin, in severe and life-threatening infections and in the immunocompromised patient When such 
concomitant treatment is appropriate, prescribing information in the labeling for the other antibiotics should 
be followed. The dose depends on the severity of the infection and the patient's condition 
CONTRAINDICATIONS 
FORTAZ® is contraindicated in patients who have shown hypersensitivity to ceftazidime or the cephalosporin 
group of antibiotics. 

WARNINGS 

BEFORE THERAPY WITH FORTAZ® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 

WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFTAZIDIME, 

CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 

CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 

THIS PRODUCT SHOULD BE GIVEN WITH CAUTION TO PATIENTS WITH TYPE 1 HYPERSENSITIVITY 

REACTIONS TO PENICILLIN. IF AN ALLERGIC REACTION TO FORTAZ OCCURS, DISCONTINUE TREATMENT 

WITH THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 

EMERGENCY MEASURES 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum 

antibiotics); therefore, it is important to consider its diagnosis in patients who develop diarrhea in 

association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate a toxin produced by C. difficile is one primary cause of antibiotic-associated colitis. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not relieved by 
drug discontinuance or when itis severe, oral vancomycin is the treatment of choice for antibiotic-associated 
pseudomembranous colitis produced by C. difficile. Other causes of colitis should also be considered 


PRECAUTIONS 

FORTAZ® has not been shown to be nephrotoxic; however, because high and prolonged serum antibiotic 
concentrations can occur from usual doses in patients with transient or persistent reduction of urinary output 
because of renal insufficiency, the total daily dosage should be reduced when ceftazidime is administered to 
such patients (see DOSAGE AND ADMINISTRATION). Continued dosage should be determined by degree of 
renal impairment, severity of infection and susceptibility of the causative organisms. 

As with other antibiotics, prolonged use of FORTAZ may result in overgrowth of nonsusceptible organisms 
Repeated evaluation of the patient's condition is essential. If superinfection occurs during therapy, appropnate 
measures should be taken 

FORTAZ®* should be prescribed with caution in individuals with a history of gastrointestinal disease, 
particularly colitis 
Drug Interactions: Nephrotoxicity has been reported following concomitant administration of cephalosporins 
with aminoglycoside antibiotics or potent diuretics, such as furosemide. Renal function should be carefully 
monitored, especially if higher dosages of the aminoglycosides are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics 
Nephrotoxicity and ototoxicity were not noted when FORTAZ® (ceftazidime for injection, Glaxo) was given 
alone in clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic potential. However, a mouse Micronucleus test and an Ames test were both negative 
for mutagenic effects. 

Usage in Pregnancy: Pregnancy, Category B: Reproduction studies have been performed in mice and rats at 
doses up to 40 times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to FORTAZ. There are, however, no adequate and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed 

Nursing Mothers: Ceftazidime is excreted in human milk in low concentrations. Caution should be exercised 
when FORTAZ is administered to a nursing woman. 


ADVERSE REACTIONS 
FORTAZ?* is generally well tolerated. The incidence of adverse reactions associated with the administration of 
FORTAZ was low in Clinical trials. The most common were local reactions following intravenous injection, and 
allergic and gastrointestinal reactions. Other adverse reactions were encountered infrequently. No 
disulfiram-like reactions were reported. The following adverse effects from clinical trials were considered to 
be either related to ceftazidime therapy or were of uncertain etiology 
Local Effects, reported in less than 2% of patients, were phlebitis and inflammation at the site of injection 

1 in 69 patients). 

lypersensitivity Reactions, reported in 2% of patients, were pruritus, rash, and fever. Immediate 
hypersensitivity reactions occurred in 1 in 285 patients 
Gastrointestinal Symptoms, reported in less than 2% of patients, were diarrhea (1 in 78). nausea (1 in 156), 
vomiting (1 in 500), and abdominal pain (1 in 416). 
Less Frequent Adverse Events (less than 1%) were candidiasis and vaginitis; central nervous system events 
which included headache, dizziness, and paresthesia. 
Laboratory Test Changes noted during FORTAZ clinical trials were transient and included: eosinophilia (1 in 
13), positive Coombs’ test without hemolysis (1 in 23), thrombocytosis (1 in 45), and slight elevations in ane 
or more of the hepatic enzymes, SGOT (1 ın 16), SGPT (1 in 15), LDH (1 in 18), GGT (1 in 19), and alkaline 
phosphatase (1 in 23). As with some other cephalosporins. transient elevations of blood urea, blood urea 
nitrogen and/or serum creatinine were observed occasionally. Transient leukopenia, neutropenia, 
thrombocytopenia and lymphocytosis were seen very rarely. 


DOSAGE AND ADMINISTRATION 

Impaired Renal Function: Ceftazidime is excreted by the kidneys, almost exclusively by glomerular filtration 
Therefore, in patients with impaired renal function (GFR < 50 ml/min), it is recommended that the dosage of 
ceftazidime be reduced to compensate for its slower excretion. See complete Prescribing Information for 
dosage in patients with renal impairment 


HOW SUPPLIED 

FORTAZ® in the dry state should be stored at controlled room temperature. 15° to 30°C (59° to 86°F), and 
protected from light. FORTAZ is a dry, white to off-white powder supplied in vials and infusion packs as follows 
NDC 0173-0377-31 °500 mg Vials (Tray of 25) 

NDC 0173-0378-35 *1 g Vials (Tray of 25) 

NDC 0173-0379-34 *2 g Vials (Tray of 10) 

NDC 0173-0380-32 “1 g Infusion Pack (Tray of 10) 

NDC 0173-0381-32 *2 g Infusion Pack (Tray of 10) 

NDC 0173-0382-37 *6 g Pharmacy Bulk Package (Tray of 6) “equivalent to anhydrous ceftazidime 
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Briet Summary of Prescribing information 


INDICATIONS For the relief of moderate to severe pain. NUBAIN can also be 
used for preoperative analgesia, as a supplement te surgical anesthesia, 
and for obstetrical analgesia during labor. 


CONTRAINDICATIONS NUBAIN should not be administered to patients who 
are hypersensitive to it. 


WARNINGS Drug Dependence NUBAIN has been shown to have a low 
abuse potential which is approximate to that of pentazocine. When com- 
pared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine’s potential for abuse would be fess than that of 
codeine and propoxyphene. Psychological and physical dependence and 
tolerance may follow the abuse or misuse of nalbuphine. Therefore, caution 
should be observed in prescribing it for emotionally unstable patients, or 
Yor individuals with a history of narcotic abuse. Such patients should be 
Closely supervised when long-term therapy is contemplated. Care should 
be taken to avoid increases in dosage ar frequency of administration which 
n susceptible individuals might result in physical dependence. Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 
symptoms of narcotic withdrawal, i.e., abdominal cramps, nausea and 
vomiting, rhinorrhea, lacrimation, restlessness, anxiety, elevated temper- 
ature and piloerection. Use in Ambulatory Patients NUBAIN may impair 
the mental or physical abilities required for the performance of potentially 
dangerous tasks such as driving a car or operating machinery, Therefore, 
NUBAIN should be administered with caution to ambulatory patients who 
should be warned to avoid such hazards. Use in Emergency Procedures 
Maintain patient under observation until recovered from NUBAIN effects 
that would affect driving or other potentially dangerous tasks. Use in 
Children Clinical experience to support administration to patients under 
18 years is not available at present. Use in Pregnancy (other than labor) 
Safe use of NUBAIN in pregnancy has not been established. Although 
animal reproductive studies have not revealed teratogenic or embryotonic 
eftects, nalbuphine should only be administered to pregnant women when, 
in the judgement of the physician, the potential benefits outweigh the 
possible hazards. Use During Labor and Delivery NUBAIN can produce 
respiratory depression in the neonate. It should be used with caution in 
women delivering premature infants. Head Injury and Increased intra- 
cranial Pressure The possible respiratory depressant effects and the 
potential of potent analgesics to elevate cerebrospinal fluid pressure (re- 
sulting from vasodilation following CO, retention} may be markedly exag- 
gerated in the presence of head injury, intracranial lesions or a pre-existing 
increase in intracranial pressure. Furthermore, potent analgesics can pro- 
duce effects which may obscure the clinical course of patients with head 
imuries, Therefore, NUBAIN should be used in these circumstances only 
when essential, and then should be administered with extreme caution. 
interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity, there is evidence that in 
nondependent patients it will not antagonize a narcotic analgesic admin- 
istered just before, concurrently. or just after an injection of NUBAIN. 
Therefore, patients receiving a narcotic analgesic, general anesthetics, 
phenothiazines, or other tranquilizers, sedatives, hypnotics, or other CNS 
dearessants (including alcohol) concomitantly with NUBAIN may exhibit an 
additive effect. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced 


PRECAUTIONS Impaired Respiration At the usual adult dose of 10 mg/70 
kg, NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine. However, in contrast to mor- 
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Surgical Treatment of Hepatic Metastases from 


Colorectal Cancer 





LEANDRO GENNARI, M.D. ‘ROBERTO DOCI, M.D. 


PAOLA BIGNAMI, M.D. 


From 1980 to 1984, 48 patients were subjected to liver resection 
for hepatic metastases from colorectal cancer. The disease was 
staged according to the original staging system proposed by tke 
authors: stage I, single metastasis involving less than 25% of 
hepatic parenchyma (21 patients); stage IL, multiple metastases 
involving less than 25% of hepatic parenchyma or single metas- 
tasis involving between 25-50% (9 patients); and stage IIL, mul- 
tiple metastases involving between 25-50% or more than 50% 
of hepatic parenchyma, irrespective of the number of metastases 
(18 patients). The extent of hepatic resection was generally re- 
lated to that of liver disease; a typical lobectomy was performed 
in 28 patients and segmentectomies in 20. One patient died after 
operation (mortality, 2.1%), and major complications occurred 
in seven patients (morbidity, 14.9%). Morbidity was related to 
operatory blood loss: 45% of patients with blood replacement of 
more than 2000 cc developed major complications versus 5.4% 
with blood replacement of less than 2000 cc (p < 0.05). The 
actuarial 3-year survival for stages I, IL and II was 73%, 60%, 
and 29%, respectively (p < 0.05). Twenty-two patients (45%) 
have had recurrences, all stage IN patients within 2 years of 
resection versus 28% of stage I patients (30 months disease-free 
survival, 49%). The liver only was the site of recurrence m 10 
patients, distant sites in seven, and both liver and distant in five. 
Analysis of the different features of the primary tumor, the in- 
terval between bowel resection and detection of hepatic metgs- 
tases, and the number and extent of liver secondaries deman- 
strated that prognosis after surgery was mainly related to the 
latter; they are considered in the staging system adopted in this 
study. It is a simple system and shows a good prognostic cor- 
relation. The results reported here are in agreement with these 
of the literature; the low mortality and morbidity and the survival 
benefit support the growing acceptance of surgery in treatment 
of hepatic metastases from colorectal cancer, in particular stage 


_ I patients. For the other stages, surgery should represent, when 


applicable, only the first step of a multimodality treatment. 


of hepatic metastases from colorectal cancer Las 


De THE PAST DECADE, the surgical treatment 
become a widely accepted therapy. Several ze- 
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ports have documented the safety of this approach, and 
the results observed in selected groups are encourag- 
ing.'~> The 5-year survival of patients submitted to hepatic 
resection for single metastases of limited size has been 
quoted to be from 20%° to 42%,’ but the frequency of 
patients with such a favorable situation does not exceed 
15-18% of the totality of patients with metastases confined 
to the liver.™!! Of these, a larger percentage will potentially 
undergo a major hepatic resection, but long-term results 
are still controversial. Fortner et al.? have reported that 
the 3-year survival of patients with multiple metastases 
was essentially the same as for patients with solitary le- 
sions. In contrast, none of the patients resected for mul- 
tiple secondaries in the series of Wilson and Adson’ sur- 
vived for 3 years. More recently, Adson and van Heerden? 
suggested that at least 20-30% of patients with large he- 
patic metastases (single or multiple) could benefit in terms 
of duration and quality of life by major hepatic resection. 
The evident bias of results and opinions reflects the fact 
that the numbers of patients undergoing hepatic resection, 
reported by single institutions, are still small; series are 
often heterogeneous as regards the presence or absence of 
extrahepatic metastases, and criteria of definition of the 
metastatic disease are dissimilar among different institu- 
tions, so that series are usually incomparable. 

Therefore, it is difficult to determine which patients are 
most likely to benefit from liver resections and to plan 
adjuvant treatments for those patients at high risk to de- 
velop recurrences. This is particularly evident for patients 
having more advanced disease than solitary metastasis of 
limited size. Therefore, the need of a common staging 
system is pressing. 
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TABLE |. Classification of Hepatic Metastases, 1984 


H, Liver involvement equal to or less than 25% 
H Liver involvement between 25-50% 

H, Liver involvement more than 50% 

s Single metastasis 

m Multiple metastases to one surgical lobe 

b Bilateral metastases 

i Infiltration of adjacent organs or structures 
F Impairment of liver function 


TABLE 2. Proposed Staging 


Stage 


es 
I His 
I Him» Has 
II Hom b Hismb 


IV (A) “Minimal” intra-abdominal extrahepatic disease 
(detected only at laparotomy) 
(B) Extrahepatic disease 


eet 


A clinical classification of hepatic metastases was pro- 
posed by Gennari et al.!? in 1982, and recently a staging 
system was proposed by the same authors.!'? The current 
study concerns the results observed in a consecutive series 
of 48 liver resections for hepatic metastases arising from 
colon and rectal cancers between May 1980 and October 
1984. All patients were staged and classified according to 
the proposed classification (Tables 1 and 2). 


Patients and Methods 


From May 1980 to October 1984, 48 patients with he- 
patic metastases from colorectal cancer were submitted 
to liver resection at the Istituto Nazionale Tumori of 
Milan. There were 28 men and 20 women; the median 
age at the time of liver resection was 52 years for men 
(range: 33-75 years) and 53 years for women (range: 36- 
68 years). 

In 35 patients, the diagnosis of hepatic secondaries was 
metachronous to the resection of colorectal primary; the 
median interval between the two events was 22 months 
(range: 3-60 months). In all these patients, resection of 
the primary was considered radical, but two of them had 
developed a local recurrence that was radically removed 
during the operation on the liver. 
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TABLE 4. Distribution of Patients According to the Classification of 
Hepatic Metastases of Gennari et al!” 





s m b Total 
$A 
H, 21 4 3 28 
H, 2 8 2 12 
H; 3 3 2 8 
Total 26 15 7 48 


Hepatic metastases were detected synchronously with 
the primary in 13 patients. In all, the colorectal tumor 
was radically resected: synchronously in five, and after a 
median period of 6 months (1-22 months) in eight pa- 
tients, four of which were resected elsewhere. The stage, 
grade, and location of the primary are summarized in 
Table 3; all were adenocarcinomas and were classified 
according to Dukes’ classification. 

Before liver resection, all patients were evaluated by 
echo-tomography, computerized axial tomography (CT), 
and angiography of the arterial and venous systems of the 
liver. To exclude additional distant metastases and/or local 
recurrence of the primary tumor, chest x-ray, barium 
enema, large bowel endoscopy, and, in patients previously 
submitted to abdominoperineal resection, pelvic CT scan 
were continually performed. Further instrumental ex- 
aminations were indicated only by symptoms or bio- 
chemical abnormalities. Routine biochemical studies in- 
cluded hepatic enzyme serum levels as well as carcinoem- 
bryonic antigen (CEA) determinations. The extent of liver 
involvement was determined before operation by CT scan 
and compared with the intraoperatory examinations. 

Distribution of the series according to the classification 
of Gennari et al. (Table 1) is reported in Table 4. It should 
be noted that only 44% of the patients had a single me- 
tastasis involving less than 25% of hepatic parenchyma, 
and that a relatively high percentage had extensive in- 
volvement of the liver. 

Patients were grouped according to the proposed staging 
system (Table 2) to evaluate long-term results in numer- 
ically substantial series; the distribution by stage is re- 
ported in Table 5. 

The surgical procedures performed are reported in Ta- 
ble 6. The extent of hepatic resection was generally related 


TABLE 3. Characteristics of the Primary Tumor 












No. of 


Patients Dukes’ Grade 














Rectum and sigmoid colon 34 B 

Left colon 8 C 
Transverse colon 2 Unknown* 
Right colon 4 — 





No. of No. of 
Patients Grading Patients 
15 Well differentiated 5 
23 Intermediate differentiation 20 
10 Poorly differentiated 6 
— Unknown* 17 





* Patients resected elsewhere. 
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TABLE 5. Distribution of Patients According to the Staging System of 
Hepatic Metastases of Gennari et al.” 


Stage No. of Patients 
I 21 
u 9 
um 18 


to the extent of liver disease. Wedge resections were pre- 
ferred when the metastatic lesion was marginal or situatec 
in the residual lobe (bilateral metastases). Surgery was 
considered radical when no gross residual disease was ev- 
ident and if at least 1 cm of normal hepatic parenchyma 
surrounded the neoplasm. 

Following resection, patients were regularly controlled 
every 2-3 months depending on geographic accessibility. 
CEA assay, liver function tests, and liver echotomographv 
were routinely performed. In the absence of suspected 
relapse, chest roentgenogram and abdominal CT scan 
were performed at 6-month intervals. No patient was lost 
to follow-up, which was complete for all. 

Survival and disease-free data were calculated by the 
life-table method as described by Peto et al.'*; differences 
in the outcome of different stages were estimated by the 
Log rank test.'* The heterogeneity among groups wita 
different severity of complications was evaluated by com- 
paring mean tables and by using analysis of variance.'> 
All p values cited are two-tailed. 


Results 


There were no intraoperatory deaths. One patient died 
because of ischemic colitis (operative mortality 2.1%). 
Nonlethal major complications were observed in seven 
patients (morbidity 14.9%); they are listed in Table 7. In 


“o two patients, reinterventions for drainage of subphrenic 


abscess and hemostases were necessary. Transcutaneous 
drainage of the subphrenic abscess and of the biliary tree 
for a biliary fistula was performed in another three pa- 
tients. Mild complications were observed in 16 patients 
(40%), i.e., pneumonia, plural effusion, transient ascitis, 
and minor infection. Postoperative pulmonary and pleural 
complications were more frequent when a thoracophrenic 
approach was used (10/21) than when resection was per- 
formed by laparotomy (4/27). 


TABLE 6. Extent of Hepatic Surgery 





Surgical Procedure No. of Patients 
Right lobectomy 18 
Extended right lobectomy 3 
Left lobectomy i 1 
Left lateral segmentectomy 6 
Segmentectomy 20 
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TABLE 7. Postoperative Mortality and Morbidity 


No. of 
Patients % Complications 
Mortality 1/48 2.1 Ischemic colitis 
Morbidity 7/47 14.9 3 subphrenic abscesses 
2 biliary fistulas 
1 pancreatic fistula 
1 hemorrhage 
Minor morbidity 16/40 40 Pneumonia and/or preural 
effusion and others 


Estimated blood loss was equivalent to the blood re- 
placement. The median loss was 1200 cc (range: 04100), 
but it varied according to the extent of liver resection: 
1800 cc (range: 600-1800 cc) in extended lobectomy; 2000 
cc (range: 600-4100 cc) in lobectomy; 600 ce (range: 0- 
3000 cc) in segmentectomies. 

Morbidity was related to operatory blood loss (Fig. 1); 
six of 12 patients (45.5%) with blood replacement of more 
than 2000 cc developed major complications versus only 
two of 37 patients (5.4%) with blood replacement of less 
than 2000 cc. The mean blood loss of patients with major 
complications was 2100 cc versus 1500 cc and 1000 cc of 
patients with mild or no complications, respectively, Dif- 
ferences among the three groups were significant (p 
= 0.007). 

Median postoperative stay in the hospital was 21 days 
(range: 9-74 days). The average stay of patients with no. 
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Fic. |. Relation between intraoperative blood loss and postoperative 
complications. Analysis of variance confirmed that differences among 
groups were significant (p = 0.007). —-— = mean blood loss. 


major 
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6 12 18 24 30 36 42 48 months 


Fic. 2. Actuarial survival of patients subjected to hepatic resection ac- 
cording to stage. @, Stage I (21 patients); @, stage II (9 patients); a, stage 
IH (17 patients); *, overall (47 patients, 1 operative death excluded). 
Statistical analysis: differences among figures— x? (2df) = 6.06, p < 0.05; 
trend—x? (Idf) = 6.06, p < 0.05. 


complications, and those with mild and major compli- 
cations was 16, 26, and 40 days, respectively. 

The overall median survival was 30 months with pre- 
dicted 2-year and 3-year survivals of 62% and 53%, re- 
spectively (Fig. 2). The longest surviving patient was alive 
and without evident disease 48 months after liver resec- 
tion. When survival was considered by stage, the predicted 
3-year survival for stages I, II, and III was 73%, 60%, and 
29%, respectively. The trend and the differences among 
these figures were statistically significant (p < 0.05). Site 
and Dukes’ stage of the primary tumor, the interval be- 





6 12 18 24 30 36 42 48 months 
FIG. 3. Disease-free survival of patients subjected to hepatic resection 
according to stage. @, Stage 1 (21 patients); @, stage I (8 patients): a, 
stage HI (16 patients), %, overall (45 patients, 1 operative death and 1 
each stage IT and HI nonradical resections excluded). Statistical analysis: 
differences among figures—x? (2df) = 9.57, p < 0.05; trené—x? (Idf) 
= 9.47, p < 0.05. 
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tween bowel resection and detection of hepatic metastases, 
and CEA levels before hepatic resection did not signifi- 
cantly affect the prognosis. 

The overall median disease-free survival (Fig. 3) was 
18 months with estimated 2-year and 3-year disease-free 
survivals of 46% and 28%, respectively. All stage III pa- 
tients recurred within 2 years of resection, whereas six of 
21 (28%) stage I patients have recurred; the actuarial figure 
of 49% disease-free survival at 30 months does not predict 
further decrease in this value. The median interval to re- 
currence was 15, 9, and 7 months for stages I, H and III, 
respectively. Out of 22 patients who developed recur- 
rences, the liver only was the site of growth in 10 patients, 
distant sites in seven, and both liver and distant in five. 


Discussion 


The results reported in this paper are in agreement with 
those of the literature, and they support the growing ac- 
ceptance of surgery as the primary approach to hepatic 
metastases from colorectal cancer. Hepatic resection for 
metastases can be done safely; the operative mortality 
ranges from 0'°'” to 7% and morbidity from 10’ to 43%. !8 
In the present series, one patient died after operation (2%), 
and seven developed major complications (15%). The 
average hospital stay after surgery has been reported as 
11-12 days** and was 21 days in our series. 

The good short-term results are enhanced by the sur- 
vival benefit conferred by surgery; our median 30-month 
overall survival is in agreement with those reported by 
others.*'”!8 The advantage seems evident if this figure is 
compared to the 6-12-month median survival of patients 
with unresected hepatic metastases.*!9-?! The median 
survival of unresected patients with single metastasis is 
quoted as being from 4.5-6.2 months”? to 118 and 16.7- 
21 months.'°?! Since these patients represent the group 
with the most favorable prognosis, it may be concluded 
that hepatic surgery for colorectal metastases is the most 
effective treatment. Nevertheless, such comparisons 
should be considered with extreme caution because of the 
differences between surgical and nonsurgical series. In fact, 
only 25-30% of patients preoperatively eligible for surgery 
ultimately had all gross disease excised.*?3 Thus, the extent 
of the disease in nonoperated patients is generally under- 
estimated, even when the most modern investigations are 
employed. Moreover, comparison among different series 
is quite misleading because of the lack of criteria for stag- 
ing the disease. 

We can compare the results of our surgical series with 
those observed in a consecutive series of 191 patients with 
unresected liver metastases from colorectal cancer that 
were retrospectively staged according to present classifi- 
cation and staging systems (unpublished data). In these 
patients, the differences in the actuarial survival of stages 
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I, II, and IN were statistically significant (p = 0.02). Only 
three patients (stages I and I) survived longer than 3 years. 

A stage-by-stage comparison of the 2-year survival of 
resected and unresected patients (Table 8) evidenced the 
advantages gained by surgical treatment. The less opti- 


`x mistic comparison between survival of unresected patients 


and disease-free survival of resected patients (Table 9) 
supports the benefits of surgery in stages I and H but not 
the indication to operate on patients with more advanced 
disease. The median interval to recurrence in these pa- 
tients with a poor prognosis was 7 months; they often 
underwent major hepatic resections or multiple segmen- 
tectomies and frequently developed postoperative com- 
plications that prolonged their hospital stay and were a 
source of important psychophysical distress. In agreement 
with others,??* we feel that these negative aspects were 
balanced by the beneficial conviction of the patient to be 
cured and by the objective amelioration of quality of life. 
However, further analyses of the outcome of patients and 
a larger surgical series are required to clarify the problem. 
In the present study, the different features of the primary 
tumor and liver metastases gave no evident suggestions; 
although Dukes’ staging of the colorectal primary has been 
` reported to be an important prognostic factor in patients 
resected for liver metastases,'? it was a noninfluencing 
factor in ours as well as other studies.7*?> Likewise, the 
interval between bowel resection and detection of hepatic 
secondaries, in agreement with others,”*!® did not affect 
survival. Preoperative CEA levels were not correlated with 
the extent of liver disease or with the final outcome, as 
already reported.” '® 
The extent of liver resection does not seem to influence 
survival.?+*23 As previously mentioned, our choice of 
the type of resection was related to the extent of hepatic 
metastases; thus, results of different surgical procedures 
are marked by the prognostic influence of stage. 
Intraoperatory blood loss was correlated with the oc- 
currence of postoperative complications; thus, it can bz 
considered a predictive factor of morbidity but not nec- 
essarily a pathogenic cause. The type of resection and the 
anatomic and pathologic conditions of the liver may in- 
fluence the amount of bleeding,‘ and a difficult hemostasis 
may significantly prolong the duration of anesthesia. 
The results observed in the present surgical series are 


TABLE 8. Two-year Actuarial Survival of Resected and Unresected 
Patients by Stage of Hepatic Metastases 


Survival (%) 
No. of Stage Stage Stage 
Patients I I m 
` Resected 48 91 60 29 
Unresected 191 17.5 11.7 4 
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TABLE 9. Comparison between 2-year Disease-free Survival of ` 
Resected Patients and 2-year Survival of Unresected Patients 


Survival (%) 
Stage Stage Stage 
I 0 Ul 
Disease-free survival of resected. 
patients 69 48 10 
Survival of unresected patients 17.5 11.7 4 


in general agreement with those reported in the literature. 
The main point of interest and differentiation from the 
other reports is our introduction of a very simple staging 
system that present analysis confirms as prognostically 
effective. 

Several classifications have been proposed,” 12226-33 but 
none, ours included, have yet been adopted outside the 
confines of the proposing institutions. In fact, some do 
not consider quantitatively the extension of neoplastic 
liver invasion*?“*; others propose a wide-ranging stage II, 
i.e., stage I = liver involvement between 20-70% or 25- 
15% ,2275-28,30,31 which includes a numerous and rather 
heterogeneous group of patients with difficult prognosis. 
Moreover, stage III would be restricted to a group of pa- 
tients with disease often no longer curable. The staging 
system adopted in this study has a prognostic value and 
also allows planning of the therapeutic approach. 

The role of surgery seems clear in stage I hepatic me- 
tastases, but, for other patients with hepatic metastasis 
from colorectal cancer, surgery probably represents, when 
applicable, only the first step ofa multimodality treatment. 
Study of the postoperative outcome of these patients may 
represent a further contribution to the therapeutic strategy. 
A major contribution to the problem could be supplied 
by the acceptance of a worldwide common language. 
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PRIMAXIN inhibits virtually all clinical isolates, including aerobic 


and anaerobic gram-positive and gram-negative bacteria. 


Achromobacter spp. 
Acinetobacter spp. 
Actinomyces spp. 
Aeromonas hydrophila 
Alcaligenes spp. 
Bacteroides spp., 

including 

B.asaccharolyticus 

B. bivius 

B.disiens 

B. distasonis 

B. by 

B. melaninogenicus 

B. ovatus 

B. thetaiotaomicron 

B. vulgatus 
Bordetella 

bronchiseptica 
Campylobacter spp. 
Citrobacter spp. 
Clostridium spp., 

including 

C. perfringens 
Enterobacter spp. 
Escherichia coli 
Eubacterium spp. 


Fusobacterium spp. 
Gardnerella vaginalis 
Haemophilus influenzae 
Haemophilus 
parainfluenzae 
Hafnia spp., including 
H. alvei 
Klebsiella spp., including 
K. oxytoca 
K. pneumoniae 
Listeria monocytogenes 
Moraxella spp. 
Morganella morganii 
Neisseria gonorrhoeae 
(PCNase + ) 
Nocardia spp. 
Pasteurella multocida 
Peptococcus spp. 
Peptostreptococcus spp. 
Plesiomonas shigelloides 
Propionibacterium spp., 
including P acnes 
Proteus mirabilis 
Proteus vulgaris 
Providencia rettgeri 
Providencia stuartii 
Pseudomonas 
aeruginosa 


Salmonella spp. 
Serratia spp., including 
S. ea ipa 
S. marcescens 
Shigella spp. 
Staphylococcus aureus 
(PCNase +) 
Staphylococcus epider- 
midis (PCNase + ) 
Streptococcus Spp., 
including 
Group A streptococci 
(S. pyogenes) 
Group B streptococci 
(S. agalactiae) 
Group C streptococci 
Group G streptococci 
Group D streptococci, 
including enterococci 
(S. faecalis) 
Streptococcus 
pneumoniae 
Viridans streptococci 
Veillonella spp. 
Yersinia spp., including 
Y enterocolitica 
Y pseudotuberculosis 


*In vitro susceptibility does not necessarily imply in vivo effectiveness 


**Percent based on data reported from broth and agar dilution following NCCLS 


criteria for susceptibility: MICs =4ug/mL (fully susceptible) and MICs >4 to 8ug 


mL (moderately susceptible). Reference: Jones, R.N.: Review of the in vitro spectrum 
of activity of imipenem, Am. J. Med. 78(suppl. 6A):22-32, Table VI, Reference 22, 


June 7 1985. 


PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some 


strains of Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, 


Streptococcus faecium, some strains of anaerobic corynebacteria, and some strains 


of Flavobacterium 


As with other beta-lactam antibiotics, some strains of Pseudomonas aeruginosa may 
develop resistance fairly rapidly on treatment with PRIMAXIN. When clinically 


appropriate during therapy of Pseudomonas aeruginosa infections, periodic suscepti- 
bility testing should be done. 


Please see Brief Summary of Prescribing Information. 
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PRIMAXIN is useful in seriously ill hospitalized patients with 
infections of unknown etiology, mixed infections, and nosoco- 
mial infections. In clinical trials with more than 2,300 patients, 
PRIMAXIN has been shown to be highly effective in the follow- 
ing range of infections: 


LOWER RESPIRATORY TRACT INFECTIONS involving 9 spe- 
cies of bacteria including: Staphylococcus aureus (penicillinase-pro- 
ducing strains), Pseudomonas aeruginosa,* Serratia marcescens 


URINARY TRACT INFECTIONS (complicated and uncompli- 
cated) involving 9 species of bacteria including: enterococci, 
Proteus vulgaris, Pseudomonas aeruginosa 


INTRAABDOMINAL INFECTIONS involving 18 species of 
bacteria including: Staphylococcus epidermidis, enterococci, 
Pseudomonas aeruginosa, Bacteroides fragilis 


GYNECOLOGIC INFECTIONS involving 14 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), Bacteroides fragilis, Gardnerella vaginalis 


BACTERIAL SEPTICEMIA involving 8 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


BONE AND JOINT INFECTIONS involving 5 species of bac- 
teria including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


SKIN AND SKIN-STRUCTURE INFECTIONS involving 17 
species of bacteria including: Staphylococcus aureus (penicillin- 
ase-producing strains), enterococci, Pseudomonas aeruginosa 


ENDOCARDITIS involving Staphylococcus aureus (penicillin- 
ase-producing strains) 


*Although clinical improvement has been observed in patients with cystic 
fibrosis, chronic pulmonary disease, and lower respiratory tract infections 
caused by Pseudomonas aeruginosa, bacterial eradication may not necessari- 
ly be achieved 


PRIMAXIN is contraindicated in patients who have shown hypersensitivity 
to any component of this product. Before initiating therapy with PRIMAXIN, 
careful inquiry should be made concerning previous hypersensitivity reac- 
tions to penicillins, cephalosporins, other beta-lactams, and other allergens 
Ifan allergic reaction to PRIMAXIN occurs, discontinue the drug. Serious hyper- 
sensitivity reactions may require epinephrine and other emergency measures 


Please see Brief Summary of Prescribing Information. 
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In clinical trials involving 1,723 patients, many with serious 
underlying diseases, PRIMAXIN demonstrated a low inci- 
dence of adverse experiences. 


Incidence of Adverse Experiences (20.3%) in 1,723 Patients 
Reported as Possibly, 





Adverse Probably, or 
Experience Definitely Related 
Phlebitis/Thrombophlebitis/ 

Injection-Site Pain 3.8% 
Nausea 2.0% 
Diarrhea 1.8% 
Vomiting 1.5% 
Rash and Urticaria 1.1% 
Fever 0.5% 
Hypotension 0.4% 
Seizure 0.4% 
Pruritus 0.3% 
Dizziness 0.3% 


Adult Dosage Recommendations: 250, 500, or 1000 mg q6-8h 


CNS adverse experiences such as myoclonic activity, confusional states, 
or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., 
brain lesions or history of seizures) who also have compromised renal 
function. However, there were rare reports in which there was no 
recognized or documented underlying CNS disorder. Close adherence 
to recommended dosage schedules is urged, especially in patients with 
known factors that predispose to seizures 





Pseudomembranous colitis has been reported with virtually all antibiot- 
ics, including PRIMAXIN; therefore, it is important to consider its diag- 
nosis in patients who develop diarrhea in association with antibiotic use 


Please see Brief Summary of Prescribing Information. 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 

bapa SERIOUS AND OCCASIONALLY FATAL HYPERSENSIT|VITY pape 
tic) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS 
THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MACE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN; therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening, 
Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementat on, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 

Precautions: Genera/—-CNS adverse experiences such as myoclonic activity, con- 
fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures, Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. If focal 
tremors, myoclonus, or seizures occur, patients should be placed or anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides 

Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo ard in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 
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Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
Studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers—It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 

Pediatric Use—-Satety and effectiveness in infants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions—Local adverse clinical reactions that were feported as 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (0.4%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions-The most frequently reported systemic adverse clini- 
Cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever 
(0.5%), hypotension (0.4%), seizures (04%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal -pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
Salivation; CNS—encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache; Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia: Renal-oliguria/anuria, polyuria; 
Skin-erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, 
asthenia/weakness. 


Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic- increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic-—increased eosino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils; F/ectrolytes—decreased serum sodium, increased potassium, 
increased chloride; Rena/—increased BUN, creatinine: Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
the maximum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever 
iS lower. 

How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 


Caution: The suspension from vials is not for direct infusion. MSD 
For more detailed information, consult your MSD Representative ERCK 
or see Prescribing Information. Merck Sharp & Dohme, Division HAR 
of Merck & Co., Inc., West Point, PA 19486 J4PRO3(400) OHM 
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Anal and Neorectal Function after Ileal 


Pouch-Anal Anastomosis 





STEVEN J. STRYKER, M.D. 
KEITH A. KELLY, M.D. 


SIDNEY F. PHILLIPS, M.D. 





Bowel function varies markedly among patients with colectomy 
and ileal pouch-anal anastomosis. Little is known of the mech- 
anisms controlling fecal continence and frequency of defecation 
after operation. The aim of this study was to determine which 
features of the anal sphincter and neorectum accounted for the 
variation in clinical outcome. Twenty patients were studied 4 to 
35 months after operation and compared to 12 healthy volunteers. 
Despite several patients exhibiting impaired fecal continence, 
anal sphincteric length and pressures and ileal pouch capacity 
and distensibility were similar in patients and controls. Patients 
with poor results, however, had rapid filling of their ileal pouch, 
which resulted in early onset of high amplitude propulsive pres- 
sure waves in the pouch. As these waves became more frequent, 
defecation resulted. Patients with poor results also were not able 
to empty adequately their pouch. The poorer the completeness 
of evacuation, the more frequent the defecation (r = 0.62, p 
< 0.01). The authors conclude that rapid pouch filling and im- 
paired pouch evacuation can lead to increased stool frequency 
in patients after ileal pouch-anal anastomosis. 


ROCTOCOLECTOMY with ileal pouch-anal anasto- 
mosis for the treatment of chronic ulcerative co- 
litis and familial polyposis coli offers an alternative 

to conventional ileostomy, continent ileostomy, or ileo- 
rectal anastomosis. This alternative has enjoyed patient 
acceptance by avoiding a permanent abdominal stoma, 
preserving anal continence, and eliminating the risks as- 
sociated with retained diseased mucosa. However, early 
experience with straight ileoanal anastomosis was disap- 
pointing in many patients. Heppell et al. found that the 
maximum tolerable volume of the terminal ileal segment 
influenced the outcome and that those with small capacity 
and nondistensible neorectal segments had an increased 
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stool frequency.! Replacement of the straight terminal 
ileal segment with an ileal pouch improved functional 
results greatly.? Taylor et al. attributed the benefit to the 
enhanced capacity and distensibility afforded by the ileal 
pouch.? 

Although the outcome is now satisfactory in most pa- 
tients, approximately 10% have what must be considered 
a poor clinical result. This is characterized by excessive 
stool frequency, major episodes of leakage, and/or severe 
perianal irritation.” In 5% of patients the result is so poor 
that ileostomy is required.** The aim of the present report 
was to determine which functional features of the anal 
sphincter and ileal pouch are responsible for these occa- 
sional poor results. 


Materials and Methods 
Patient Population 


Twenty patients who had undergone proctocolectomy 
with ileal pouch-anal anastomosis for chronic ulcerative 
colitis volunteered for a detailed physiological evaluation 
in a clinical research center. Seventeen had had a J-shaped 
ileal pouch constructed, while the remaining three re- 
quired an S-shaped pouch for anatomical reasons. The 
group consisted of 10 men and 10 women aged 24 to 53 
years (mean + SEM, 34 + 2 years). All patients had had 
their temporary ileostomies closed for at least 4 months 
(mean: 17 + 1 months). A wide spectrum of clinical results 
was represented ranging from excellent to poor, based on 
stool frequency, fecal continence, and perianal irritation. 
All medications were stopped for at least 24 hours prior 
to study. 


56 


Results from studies conducted on the 20 patients were 
compared to those obtained from 12 healthy, unoperated 
volunteers (five men, seven women; mean: 32 + 2 years). 
All subjects gave informed consent for the study, which 
was approved by the Institutional Review Board of the 
Mayo Clinic. 


Clinical Tests 


During the first day of the study, patients were given a 
diet matched to their usual intake at home. The frequency 
of bowel movements was recorded. After an overnight 
fast, blood levels of hemoglobin, leukocytes, sodium, po- 
tassium, calcium, phosphorus, glucose, creatinine, total 
protein, alkaline phosphatase, serum glutamic oxaloacetic 
transaminase, total and direct bilirubin, and uric acid were 
obtained. The prothrombin time was also determined. In 
addition, transanal endoscopy of the ileal pouch was per- 
formed in all patients and a mucosal biopsy taken from 
approximately 10 cm above the anal verge. 


Anal Sphincter Studies 


Anal manometry. Radial pressures in the anal canal 
were measured using a rigid 1.2 cm diameter polyglass 
probe featuring four perfused channels (ID, 0.14 cm) with 
side-ports 90° apart. A latex balloon, which was located 
at the tip of the probe, was used to elicit anal reflexes. 
The four channels were perfused with water (0.1 cm/min) 
using a low-compliance pneumohydraulic system? with 
pressure transmitted to water-filled strain gauges (Gould, 
Oxnard, CA, Statham P23) and permanently recorded on 
heat-sensitive paper of a multichannel recorder (MFE 
Corp., Salem, NH, MFE 1600). 

After an overnight fast and having evacuated the neo- 
rectum, the patient adopted the left lateral position. The 
probe was passed transanally to about 6 cm, just above 
the puborectalis, and the side-ports positioned to record 
simultaneously from the anterior, posterior, right lateral, 
and left lateral quadrants. The probe was withdrawn in a 
I-cm station-pull-through technique as previously re- 
ported,° recording the resting pressures within the anal 
canal at each level. The probe was then reinserted and 
the procedure repeated, this time asking the patient to 
squeeze maximally on the probe for 15 to 20 seconds at 
each position. The basal resting pressure in each quadrant 
and at each |-cm station of the anal canal was calculated, 
and the greatest of these basal pressures was designated 
the maximum basal resting pressure. A similar technique 
was used to determine the maximum squeeze pressure. 
The physiologic sphincter length was defined as the length 
of the “high pressure zone” during the resting pull-through 
recording.° 


STRYKER AND OTHERS 
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Rectoanal inhibitory reflex. To detect the presence or 
absence of the rectoanal inhibitory reflex, the probe was 
positioned transanally with all four ports in the proximal 
anal canal. The latex balloon at the tip of the probe was 
positioned in the ileal pouch or rectum so that its distal 
end was 5 cm above the anal verge. After allowing | to 2 
minutes for the anal resting pressure to stabilize, 5 ml of 
air were rapidly instilled into and withdrawn from the 
balloon. A positive inhibitory reflex required a rapid de- 
crease from baseline of greater than 20% of the resting 
pressure, followed by a gradual return to baseline over 
the ensuing 30-60 seconds. If the 5-ml stimulus failed to 
elicit the reflex, the procedure was repeated after 1 to 2 
minutes using 15 ml, 25 ml, 35 ml, and 55 ml serially 
until a positive reflex was obtained or until no reflex was 
observed despite 55 ml of air insuffation. 

Saline retention. Assessment of the anal sphincter 
stressed in a standard manner was accomplished by in- 
serting a thin polyvinyl catheter (OD, 0.22 cm; ID, 0.14 
cm) into the distal bowel with its tip positioned 10 cm 
from the anal verge. While subjects sat on a portable com- 
mode with a specially designed volumetric collection ves- 
sel, 1000 ml of 154 mM NaCl at 37 C was infused at 60 
ml/min. The volume retained at the completion of the 
infusion was determined by subtracting the amount that 
leaked during infusion from the 1000 ml infused.’ 


Ileal Pouch Studies 


Pouch capacity and distensibility. A 12-cm long flaccid 
polyurethane bag attached to a catheter was inserted 
transanally into the ileal pouch of patients or rectum of 
controls so that the distal edge of the bag lay just orad to 
the levator muscles. The bag was inflated with 10-ml in- 
crements of air at 1-minute intervals and intraluminal 
pressures recorded through a nonperfused strain gauge 


transducer. The sensitivity and reliability of this recording | 


system have been documented.® Intraluminal pressures 
were recorded with each 10-ml increment up to 300 ml, 
after which increments of 20 ml were used. Corrections 
were made for the effects of pressure and temperature on 
the volume of air within the polyurethane bag. At 25 
mmHg, a sensation of mild pressure was present in all 
subjects, and, therefore, the volume that was associated 
with 25 mmHg pressure within the bag was used as an 
indirect measure of the distensibility of distal gut. The 
test was terminated when the subject complained of a 
sustained feeling of nausea or pelvic discomfort or an ur- 
gent need to evacuate the lower bowel. The volume that 
produced this sensation was used to define the capacity 
of the distal gut. 

Heal pouch motility. After an overnight fast, patients 
were asked to evacuate the ileal pouch. They were then 
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placed in the left lateral decubitus position, and a three- 
channel polyvinyl catheter assembly (overall OD, 4 mm) 
passed transanally so that side ports were positioned in 
the pouch 5 cm, 10 cm, and 15 cm from the anal verge. 


` Each channel (ID, 0.9 mm) was perfused with water at 


0.1 ml/min via a'low-compliance pneimohydraulic per- 
fusion system, attached to strain gauges and a multichan- 
nel recorder as described earlier. Pressure changes in the 
proximal, middle; and distal pouch were simultaneously 
recorded for an 18-hour period of fasting and for an ad- 
ditional 6 hours after a mixed solid/liquid meal containing 
800 kcal (20% protein, 40% fat, 40% carbohydrate). The 
external portion of the catheter was securely fixed to the 


_ buttocks and remained in position during defecation, al- 


lowing ‘uninterrupted ‘recording throughout the motility 
study. 

Pouch contractions were manifested by large amplitude 
pressure waves lasting longer than the characteristic ileal 
slow wave. Only waves of amplitude greater than 25 
mm Hg and duration longer than 12 seconds were 
counted, to separate them clearly from respirations and 
other positional artifact.? The time of occurrence, ampli- 
tude, and duration were determined for each large pressure 
wave. The waves appeared simultaneously at the three 
recording sites, but only the wave of highest amplitude 
was used in the statistical analysis. 

Pouch evacuation efficiency. After having the patients 
evacuate their ileal pouch once again, they assumed the 
left lateral decubitus position and a soft silastic catheter 
was inserted 5 to 10 cm into the pouch. A viscous sus- 
pension similar in consistency to the stool of ileoanal pa- 
tients was prepared with a 7.5% solution of the inert 
emulsion-stabilizing agent Veegum (Ruger Chemical 
Company, Irvington, NJ), labeled with the nonabsorbable 
marker phenolsulfonpthalein (PSP). The semisolid prep- 
aration was infused through the silastic catheter in a vol- 
ume equal to the previously determined distal bowel ca- 
pacity and the catheter then removed. The patients were 
asked to sit in an upright position for 10 minutes before 
éyacuating the pouch contents as completely as possible 
into a collection pan beneath a portable commode. The 
evacuated contents were weighed and the PSP concentra- 
tion determined by spectrophotometry at 560 nm" to 
calculate the per cent recovery of PSP. This value repre- 
sented the efficiency of pouch evacuation. The same test 
was conducted on. 12 control subjects. 


Statistical Analysis 


The results were evaluated using the Student’s t-test for 
unpaired data, except when data were obtained serially 


- from within individuals. Under these circumstances, the 


Student’s t-test for papug data was employed. P values 
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< 0.05 were taken to be statistically significant. Correla- 
tion of test results to functional results was accomplished 
with linear regression analysis. 


Results 
Clinical Findings j 


Stool frequencies while on the hospital diet (mean 
+ SEM: 7.0 + 0.6/24 hours; range: 2~14/24 hours) did 
not differ greatly from those occurring at home (8.2 + 0.8/ 
24 hours; range: 3-15/24 hours; p > 0.05). Seven of 20 
patients had troublesome incontinence as defined by any 
leakage of stool during the day or frequent leakage during 
sleep. The hematological and blood chemical tests were 
within normal limits. Endoscopy of the ileal pouch was 
grossly normal in all but one patient who had friability 
of the pouch mucosa. However, friability and small 
amounts of granulation tissue at the site of anal anasto- 
mosis were found in five of the 20 patients, Mucosal biop- 
sies showed some degree of chronic inflammation in all 
patients, ranging from slight to marked. Neither endo- 
scopic appearances nor severity of inflammation seen on 
histology correlated with the stool frequency or fecal con- 
tinence. 


Function of the Anal Sphincter 


Anal manometry. The length of the high pressure zone 
in patients following ileal pouch-anal anastomosis (4.0 
+ 0.2 cm) was no different from that of the control pop- 
ulation (4.0 + 0.2 cm; p > 0.05). The resting anal canal 
pressure in patients (78 + 5 mmHg) differed little from 
that of the control group (88 + 8 mmHg; p > 0.05). Like- 
wise, the squeeze pressures were similar between the two 
groups (patients, 176 + 10 mmHg; controls, 192 + 15 
mmHg; p > 0.05). 

Rectoana! inhibitory reflex. The rectoanal inhibitory 
reflex was elicited in all controls when the latex rectal 
balloon was distended with small amounts of air (mean 
threshold + SEM: 15 + 2 ml; range: 5-25 ml). In contrast, 
the réflex could not be elicited in 19 of 20 patients despite 
distention of the balloon up to 55 ml of air (Fig. 1). The 
sole patient with an intact reflex had originally undergone 
a straight ileoangl pullthrough utilizing a 10-cm rectal 
muscular sleeve. During a second stage, an S-shaped 
pouch was constructed in the pelvis, but the long rectal 
cuff was preserved. Twelve of 19 patients with an absent 
rectganal inhibitory reflex had normal continence. 

Saline retention. Patients were able to retain 860 + 63 
mi of a 1000 ml infusate of saline administered at a rate 
of 60 ml/min, whereas controls retained 980 + 12 ml 
(p > 0.05). The volume of retained saline in patients did 
not correlate with the presence or absence of fecal incon- 
tinence (p > 0.05). . 
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Function of the Ileal Pouch 


Capacity and distensibility. The maximum tolerable 
volume or pouch capacity as determined by incremental 
inflation of a flaccid bag was 382 + 27 ml in ileal pouch- 
anal patients, which was similar to the 442 + 22 ml max- 
imum tolerable rectal volume of healthy volunteers (p 
> 0.05). The pouch or rectal volume present when intra- 
luminal pressure was 25 mmHg was the same in patients 
and controls (332 + 27 ml vs. 332 + 24 ml; p > 0.05). 

Motility. Pouch motility recordings were obtained from 
17 patients, each studied for a 24-hour period (18 hours 
fasting; 6 hours postcibal). Phasic pressure waves were 
recorded concurrently at all three catheter recording sites 
in all patients. A mean of 102 + 11 waves occurred over 
a 24-hour interval. The duration of individual waves var- 
ied from 20 to 60 seconds (mean + SEM: 36 + 5 seconds), 
while their amplitude varied from 25 to 95 mmHg (mean 
+ SEM: 45 + 4 mmHg). These waves were often associated 
with a sensation of pelvic fullness. 

The timing of the pouch contractions in relation to 
defecation was analyzed. To facilitate comparison of the 
incidence of pouch contractions between subjects with 
varying stool frequency, the interval between pouch evac- 
uations was divided into equal quintiles and the charac- 
teristics of the motility in each quintile determined. In 
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FIG. 2. Tracings of ileal pouch motility during the interval between pouch 
evacuations. 


this way, a phase density distribution was compiled for 
one series of events (pouch contractions) on the cyclic 
basis of a second set of events (pouch evacuations).!! 

The frequency of phasic pressure waves within the 
pouch increased during the interval between pouch evac- 
uations (Fig. 2). The greatest number of waves was found 
in the quintile of the interval just preceding the next evac- 
uation (Fig. 3), when the waves occurred as often as once 
every 2 minutes. This clustering of high pressure waves 
was associated with a strong urge to defecate. Immediately 
following defecation, the pouch returned to a quiescent 
motor pattern. The quiescent period lasted for a variable 
length of time, after which large phasic pressure waves 
again appeared. This pattern was observed in all patients. 
For a given patient, the longer this period of quiescence 
preceding the first phasic wave within the interval, the 
less frequent were the number of pouch evacuations dur- 
ing the 24 hours of motility recording (r = 0.752, p 
< 0.001, Fig. 4). 

The only difference in pouch motility noted between 
the fasting and fed state was in the length of the interval 
between evacuations (Fig. 5). The interval between evac- ~ 
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Fic. 3. The incidence of ileal pouch waves during interval between con- 
secutive pouch evacuations. Values above individual bars are the per- 
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Fic. 4. Time from pouch evacuation to onset of first phasic ileal pouch 
pressure wave vs. stool frequency. 


uations was longer during fasting than following a meal 
(250 + 23 min vs. 170 + 22 min, p < 0.05). Despite this 
difference in interval length, the pattern of increasingly 
frequent pouch waves leading to defecation was un- 
changed. Also, the total number of contractions per in- 
terval was similar during fasting and with eating (16 + 2 
vs. 14 + 3, p > 0.05). 

Rarely, 3-minute to 5-minute bursts of phasic contrac- 
tile activity at the ileal slow wave frequency (9/minute) 
were noted at a single recording site. Because of their in- 
frequent appearance (12 occurrences in 8 patients), no 
relationship to defecation could be identified. 

Efficiency of evacuation. The per cent recovery of a 
viscous instillate evacuated from the distal gut was less in 
patients following ileal pouch-anal anastomosis than in 
controls (mean + SEM: 47 + 5%, range: 5-84%; vs. 64 
+ 4%, range: 43-83%; p = 0.01). The daily stool frequency’ 
was inversely related to the pouch evacuation efficiency 
(Fig. 6). The greater the recovery of viscous instillate from 
the pouch, the lower was the stool frequency (r = —0.62, 
p < 0.01). 

Discussion 

Fecal continence has traditionally been thought to con- 
sist of two complementary components, that is, sphinc- 
teric competence and colonic (reservoir) continence.'? 
Sphincteric competence implies the ability of the anal 
sphincter to generate enough resistance to retard the in- 
voluntary forward propulsion of stool. Colonic continence 
depends on the plastic adaptation of the distal gut to ac- 
commodate an enlarging fecal load. More recently, other 
factors thought to contribute to normal continence have 
been enumerated, such as the anorectal angle,'? the ano- 
rectal flutter valve, '* stool consistency,’ and the sensibility 
of the anal mucosa.!* 

The results of our studies confirm that many of the 


oes structural and functional characteristics of the anorectum 


can be preserved following proctocolectomy and ileal 
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Fic. 5. Schematic relationship of ileal pouch waves to pouch evacuations; 
n = number of intervals assessed during fasting and with feeding. 


pouch-anal anastomosis. We chose to assess sphincteric 
function in three different ways: via anal pressures, rec- 
toanal reflex, and continence to a saline load. Anal canal 
resting and squeeze pressures did not differ between pa- 
tients and controls. Moreover, although low resting and 
squeeze pressures were seen in a few patients, the radial 
pressures obtained by our pullthrough technique did not 
correlate well with clinical results; considerable overlap 
was found between the range of pressures observed in 
continent versus incontinent patients. This lack of cor- 
relation between the state of continence and the anal 
pressure was also described in the detailed studies of il- 
eoanal patients by Neal and colleagues.'® Preliminary 
studies suggest that sphincter electromyography may cor- 
relate better with functional continence.'’ Although the 
rectoanal inhibitory reflex was absent in 19 of 20 patients, 
approximately two-thirds retained normal continence 
following this mucosal stripping and endorectal pull- 
through procedure. Thus, an intact inhibitory reflex does 
not appear to be essential for the maintenance of normal 
continence. Finally, continence depends on the ability of 
the anal canal to resist opening. Read has recently shown 
that while a healthy person can retain a 1500-ml bolus of 


Stools/ 
24 hr 


oR ee OD DD 





Pouch evacuation (percentage) 


Fic. 6. Relationship of the completeness of ileal pouch evacuation to 
the frequency of defecation. 
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saline infused through the rectum over 25 minutes, pa- 
tients with varying degrees of fecal incontinence can retain 
much less.'* Although as a group, controls were able to 
retain more saline than our patients, the volume retained 
in patients did not correlate with continence. The lack of 
correlation of these three tests of sphincteric function with 
fecal continence in our patient group emphasizes the 
complexity of the interaction between the many mecha- 
nisms that contribute to normal continence. 

Stool frequency after ileoanal pullthrough has previ- 
ously been shown to be a function of the maximum tol- 
erable capacity of the neorectal segment.! Comparison of 
a group of patients with ileal pouch-anal anastomosis to 
a group having straight ileoanal anastomosis suggested 
that the lower frequency of defecation in the former group 
was due, at least in part, to an increased neorectal capac- 
ity.? All patients in the present study had undergone ileal 
pouch-anal anastomosis and were found to have a max- 
imum capacity comparable to the rectum of healthy vol- 
unteers. Furthermore, neorectal distensibility is also 
thought to play a role in the improved stool frequency of 
ileal pouch-anal anastomosis over straight ileoanal anas- 
tomosis.* In this study, the ability of the ileal pouch to 
accommodate to insufflation of small increments of air 
was virtually identical to that of the healthy rectum. 

Previous motility studies of ileal reservoirs (Kock 
pouches) have shown bursts of smooth muscle electrical 
activity and high pressure waves associated with distention 
of the reservoir with water.'®?° Akwari et al. found that 
these waves first appeared at about 25% of maximum dis- 
tention. More recently, similar high pressure waves have 
been detected within the neorectum following ileoanal 
anastomosis.”?! Although the frequency of these waves 
was similar for ileal pouch-anal and straight ileoanal seg- 
ments, the amplitude was much higher in patients with 
straight ileoanal anastomosis,’ perhaps accounting for the 
higher incidence of excessive stool frequency and incon- 
tinence in the latter group. 

Our current study extends the above findings by show- 
ing a consistent motor pattern related to the occurrence 
of stooling. By studying 24-hour periods in each of 17 
patients, we were able to observe many intervals between 
pouch evacuations. Shortly after defecation, there appears 
to be no contractile activity within the ileal pouch. As the 
pouch begins to fill with stool, contractions are initiated. 
These do not appear to propagate, as the pouch behaves 
as a common chamber. As further filling occurs, the con- 
tractions become more frequent and this is associated with 
the urge to defecate. After subsequent defecation, the 
pouch once again shows motor quiescence. We found that 
the longer this period of contractile silence, the less often 
the patients defecated. 
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Another major finding of this study was that the ability 
of the ileal pouch to evacuate a synthetic viscous suspen- 
sion was impaired when compared to the healthy rectum. 
Although outlet obstruction is a frequent, and well-known 
complication of S-shaped ileal reservoirs,* this was not 
previously thought to be a clinically significant problem 
of the J-shaped pouch. The severity of the evacuation im 
pairment appears correlated with the stool frequency: 
analogous to the urinary frequency that accompanies 
partial bladder neck obstruction. Poor pouch evacuation 
means more rapid reaching of a pouch volume that will 
result in large phasic contractions and the urge to defecate. 
In three patients (2 S-pouch, | J-pouch) with evacuation 
percentages of 26%, 20% and <5%, the daily stool fre- 
quency was markedly decreased by the regular use of a 
silastic catheter passed per anum to facilitate emptying. 

Protocolectomy with ileal pouch-anal anastomosis is 
associated with a satisfactory outcome in 85-90% of pa- 
tients.”*?? Disorders of fecal continence can result from 
an alteration in any one of several factors known to con- 
tribute to this function, and anal manometry as employed 
in this study did not correlate well with clinical outcome. 
Jejunoileal motor patterns above the ileal pouch have also 
shown no relationship to stool frequency,” which appears 
to be predominantly a function of pouch filling. Factors 
that hasten pouch filling, or impede complete emptying, 
do appear to promote earlier onset of pouch contractions 
and lead to greater frequency of defecation. 
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Abdominal Aortic Aneurysmectomy in Renal 


Transplant Patients 





MICHEL LACOMBE, M.D. 





Five patients who had undergone renal transplantation 3 months 
to 23 years ago were operated on successfully for an abdominal 
aortic aneurysm. In the first case, dating from 1973, the kidney 
was protected by general hypothermia. In the remaining patients, 
no measure was used to protect the kidney. Only ene patient 
showed a moderate increase of blood creatinine in the postop- 
erative period; renal function returned to normal in 15 days. All 
five patients have normal renal function 6 months to 11 years 
after aortic repair. Results obtained in this series show that pro- 
tection of the transplant during aortic surgery is not necessary, 
provided adequate surgical technique is used. Such a technique 
is described in detail. Its use simplifies surgical treatment of 
such lesions and avoids the complex procedures employed in the 
seven previously published cases. 


of patients with vascular problems following renal 

transplantation. First, accelerated atherosclerosis is 
observed in patients on hemodialysis and arterial lesions 
may progressively become worse despite renal transplan- 
tation. Second, the expansion of renal transplantation to 
high-risk and older patients and its increasing long-term 
success result in survival of more recipients into later de- 
cades of life. Thus, the occurrence of abdominal aortic 
aneurysms in transplanted patients will probably become 
more common. 

Surgical management of such patients has rarely been 
reported. To the best of my knowledge only seven cases 
have so far been described: Sterioff and Parks,! Campbell 
et al.,? Gibbons et al.,> Nghiem and Lee,* Nussaume et 
al., and O'Mara et al.° each reported the treatment of 
one case of atherosclerotic aneurysm, whereas Shons et 
al.’ described one resection of a mycotic aortic aneurysm. 

We report herein our personal experience of five pa- 
tients operated on successfully. 


I IS REASONABLE to expect an increase in the number 
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Materials and Methods 


Five males between 27 and 63 years of age were op- 
erated on for abdominal aortic aneurysm among a total 
of 785 patients having undergone renal transplantation 
in the Department of Nephrology at Necker Hospital, 
Paris, France. 

Data on renal transplantation are summarized in Table 
1. All patients had normal renal function at the time the 
aneurysm was discovered. 

The aneurysm was diagnosed from three months to 23 
years after transplantation. In patient 1, its discovery was 
fortuitous, on routine angiography. In patients 3 and 5, 
a pulsatile abdominal mass was felt on routine follow-up 
examination. In patients 2 and 5, the persistence of arterial 
hypertension and in patient 4 the occurrence of inter- 
mittent claudication of the lower limbs prompted an- 
giography. Patients 3 and 5 had coronary artery disease 
with previous myocardial infarct in both; their cardiac 
status was stable with vasodilator drugs at the time of 
aneurysm repair. All five patients were smokers; none was 
diabetic. 

The location and extent of the aneurysm were assessed 
by angiography in all five patients; retrograde aortography 
by Seldinger’s technique was used in the first three cases, 
intravenous digital angiography in the other two. Patients 
3 and 4 were also explored by ultrasonic echography before 
angiography and patient 5 by computed tomography. But 
the most accurate information as to the extent of the 
aneurysm was obtained by angiography. 

Details on the surgical treatment of the aneurysm are 
summarized in Table 2. In patients 1 and 2, reconstruc- 
tion remained proximal to the origin of the transplant 
artery. In the three other patients, reimplantation of the 
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TABLE 1, Features of Renal Transplantation 
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Patient No Nephropathy Date Kidney Tx* 
1 SFGt 1969 
2 NASH 1981 
3 NAS 1972 
4 CGN§ 1982 
5 CIN] 1959 


* Tx = transplantation; {SFG = segmental and focal glomeniloscie- 
rosis; NAS = nephroangiosclerosis; §CGN = chronic glomerulonephritis, 
[CIN = chronic interstitial nephritis; TLRD = living related donor, *CK. 


transplant artery in the right limb of the vascular prosthesis 
was necessary because the aneurysm involved the origin 
of this artery. Except for patient 1, in whom protection 
of the transplant was afforded by general hypothermia, 
no protection of the transplanted kidney was used during 
aortic reconstruction in this series. 

Peri- and postoperative care included standard intra- 
venous fluid therapy, usual monitoring of renal function, 
and general condition and administration of broad spec- 
trum antibiotics. Administration of furosemide was rou- 
tine in all patients during the period of vascular clamping 
and after renal revascularization; continuous infusion of 
dopamine was added in the most recent cases (patients 4 
and 5); both drugs were given during the first 6 to 12 
postoperative hours. Immunosuppressive treatment was 
administered intravenously until intestinal transit reap- 
peared; it was then resumed orally. 

All patients underwent postoperative digital intrave- 
nous angiography. 


Results 
All five patients are alive and well, with observation 


M Periods of 6 months to 11 years. 


Transplant Immunosuppression 
LRDI Azathioprine—Steroids—ALStt 
ck" Azathioprine—Steroids—ATGtt 
CK** Azathioprine-—Steroids 
CK** Azathiprine—Steroids 
LRDI Total body irradiation 


= cadaver kidney; ttALS = antilymphocyte serum; #{ATG = antithy- 
mocyte globulin. 


Complications 


In patient 5, embolic occlusion of the left common 
femoral artery by an aortic clot occurred at the end of 
operation. Immediate embolectomy was successfully per- 
formed. 

All other patients had uneventful postoperative courses. 


Renal Function 


Table 3 summarizes the evolution of transplant func- 
tion as assessed by daily measurement of blood creatinine; 
it also indicates the duration of aortic and renal artery 
clamping. 

Before operation, all patients had normal transplant 
function. 

During operation, urine excretion stopped in all cases 
during the period of vascular clamping and resumed after 
restoration of renal circulation. In all patients, adequate 
urine output was restored by the end of operation and 
remained satisfactory during the whole postoperative 
course, often with a large hourly diuresis during the first 
hours after operation. 

After operation, blood creatinine values showed only 
a slight increase of 0.1 to 0.2 mg/dl in patients 1 to 4. In 


TABLE 2. Features of Aortic Aneurysm Repair 


Date Reimplantation of 
Patient No. (Years Type of Transplant Artery 
(Age*) posttransplant) Prosthesis into Prosthesis Protection of Kidney Simultaneous Procedures 
1 (27) June 1973 Straight aortic General hypothermia 0 
(4) tube 
2 (52) November 1981 Aorta to both None Bilateral nephrectomy; left 
(0.3) external iliac hypogastric reanastomosed 
3 (56) May 1982 Aorta to both Yes None 0 
(10) common 
4 (46) December 1983 Aorta to both Yes None Transplant biopsy 
(1) common 
iliac 
5 (63) December 1984 Aorta to both Yes None 0 
(25) external iliac 


* Age at the date of aneurysm repair. 
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TABLE 3. Evolution of Blood Creatinine Values According 
to Duration of Vascular Clamping 





LACOMBE 





Highest Duration of 
Patient Preoperative Postoperative Long-term Vascular 
No. Value* Value* Value* Clampingt 
l LI 1.2 Li 25 
2 1.2 1.4 1.2 43 
3 1.3 1.5 1.2 49 
4 im 1.3 Ll 30 
5 13 3.9 1.3 50 





* mg/dl: tminutes. 


patient 5, blood creatinine rose to 3.9 mg/dl on the second 
postoperative day but had returned spontaneously to nor- 
mal levels by the fifteenth day. At the present time, all 
five patients have normal renal function identical to the 
preoperative state. Thus, postoperative renal function does 
not seem to be adversely affected by the duration of vas- 
cular clamping. 


Pathologic Findings 


All aneurysms were atherosclerotic. This etiology was 
authenticated in all five cases by histologic examination 
of the aortic wall. 





Ann. Surg. + January 1986 


Anatomic features of the five cases are illustrated in 
Figures | to 5. In patient 1, the aneurysm was localized 
to the aorta without any involvement of the iliac arteries. 
In patient 2, the aortic aneurysm was associated with se- 
vere stenotic lesions of the origins of both common iliac 
arteries. In patient 4, two aneurysms were present, one 
aortic and one on the right common iliac. In patients 3 
and 5, the aneurysm involved both common iliac arteries: 
in the latter it also involved both internal iliac arteries, 
the right one having been anastomosed with the transplant 
artery. 

These anatomic relationships explain why, in patients 
3, 4, and 5, the transplant artery had to be reattached to 
the vascular prosthesis. 


Associated Lesions 


In patient 5, a malignant vesical tumor was discovered 
before aneurysm repair. One month after the aortic op- 
eration, he underwent successful total cystectomy with 
cutaneous ureterostomy; no sepsis occurred. The patient 
is receiving complementary treatment by external irra- 
diation. His condition is now satisfactory. 


Fics. 1A and B. A. Abdominal aortogram of patient | showing a fusiform aneurysm of the abdominal aorta. The transplant artery is anastomosed 
to the right internal iliac. B. Digital intravenous angiography 11 years after operation showing a well-functioning prosthesis. 
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Fics, 2A and B. A. Abdominal aortogram of patient 2 showing a huge fusiform aortic aneurysm. Origins of both common iliac arteries present severe 
stenotic lesions. B. Digital intravenous angiography 3 years after operation showing a well-functioning prosthesis (right hypogastric artery was ligated 


at operation). 


eration. Postoperative status of each is illustrated in Fig- 
ures | to 5. Reconstruction was satisfactory in all patients; 

All five patients underwent postoperative intravenous no deterioration occurred after follow-up periods of up 
digital angiography, from 6 weeks to 11 years after op- to 11 years. 


Results of Reconstruction 
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x Fics. 3A and B. 4. Abdominal aortogram of patient 3 showing a fusiform aortic aneurysm involving both common iliac arteries down to the origin 
«of the transplant artery. B. Digital intravenous angiography 2 years after operation showing a good repair. 
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A 
Fics. 4A and B. 4. Preoperative digital intravenous angiography of patient 4 showing a fusiform aortic aneurysm and another of the rightcommon * 
iliac at the level of the origin of the transplant artery. B. Digital intravenous angiography ! year after operation showing a good repair. 
Discussion lished cases and several methods have been employed. 
Campbell et al.” used in situ hypothermic (30 C) renal 
Protection of the kidney transplant during aortic aneu- perfusion with a pump oxygenator by cannulation of ip- 
rysm repair has been a general concern in previously pub- silateral femoral vessels, Nghiem and Lee* used in situ 
j 
R 





FIGS. 5A and B, 4. Preoperative digital intravenous angiography of patient 5 showing a fusiform aortic aneurysm involving both common iliac 
artenes. B. Digital intravenous angiography 3 months after operation showing a good repair. 
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renal perfusion with cold (4 C) Ringer’s lactate through 
the right common iliac artery; Sterioff and Parks! and 
O’Mara et al.° used a temporary shunt from the aorta to 
the iliac or femoral artery and Nussaume et al. a tem- 
porary shunt from the subclavian to the femoral artery. 

The present series shows that aortic aneurysmectomy 
without protective measures of the transplant does not 
carry excessive risk to it provided an adequate operative 
procedure is used. The purpose of this report is to describe 
our technique in detail. 

This technique was devised according to the observa- 
tions we made in the surgical treatment of stenoses of the 
renal transplant artery.® Our experience in this field now 
totals 60 operated cases. In that series, we observed that 
the transplant tolerates well up to 60 minutes of renal 
artery clamping; furthermore, routine suprarenal clamp- 
ing (for implantation of a vascular graft) never adversely 
affected postoperative transplant function. These obser- 
vations led us to the conclusion that protection of the 
kidney was not mandatory during aortic aneurysmectomy 
in transplant patients. 

Our conviction was reinforced by reports of progress 
in the treatment of thoracoabdominal aneurysms, which 
represent a comparable situation. Crawford and Vaccaro? 
operated on 201 patients without protective measures of 
the kidneys; the incidence of renal insufficiency, usually 
transient, was only 10%. 

Our technique has two objectives: (1) to simplify the 
operative treatment of these lesions and (2) to reduce to 
a minimum the duration of vascular clamping, especially 
of the renal artery. Taking into account the current ob- 
servation of important back bleeding from collateral ar- 
teries after ‘opening of aortic aneurysms, we. postulated 
that after cross-clamping of the aorta, sparing all other 
arteries, retrograde blood flow ensures sufficient perfusion 


Oe of the kidney to avoid ischemic damage at its level. As 


early as 1956, Morris et al.!° had demonstrated experi- 
mentally that a renal blood flow under a low arterial pres- 
sure of only 25 mmHg was adequate for survival of the 
organ. We attempted to estimate the value of the retro- 
grade blood flow by measuring the aortic back pressure 
after supra-aneurysmal aortic cross-clamping in a series 
of 20 consecutive patients operated on for elective cure 
of abdominal aortic aneurysm; in all cases, this pressure 
was between 35 and 60 mmHg, suggesting an adequate 
circulation distal to the clamp. 


Operative Technique 

The aorta and iliac vessels are exposed as usual. Trans- 
section of the left renal vein facilitates proximal aortic 
control. If reimplantation of the transplant artery into the 


prosthesis appears to be necessary, this vessel is dissected 
free. 
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Before clamping, the prosthesis is carefully preclotted. 

The first step is the transsection of the aorta between 
two clamps applied to the upper pole of the aneurysm. 
No other clamp is placed and the aneurysmal sac is left 
intact; thus, retrograde flow from lumbar, inferior mes- 
enteric and iliac arteries is spared. The proximal anasto- 
mosis of the prosthesis end-to-end with the aorta is per- 
formed immediately and checked for hemostasis at the 
suture line. 

The second step is the revascularization of the trans- 
plant. If the aneurysm does not involve the origin of the 
transplant artery, the ipsilateral limb of the prosthesis i is 
anastomosed to the iliac axis proximal to the artery of the 
kidney; the clamps are then removed. If the origin of the 
transplant artery is involved, the vessel is reattached to 
the corresponding prosthetic limb; the proximal clamp is 
removed and the prosthesis clamped distal to the renal 
artery; revascularization of the s same lower limb is then 
performed. 

Thus, the maximum period of renal circulatory im- 
pairment never exceeds the time required for performing 
two vascular anastomoses, j.e., 35 to 50 minutes, a du- 
ration well within the limits of tolerance of the kidney. 
In fact, true circulatory arrest of the kidney lasts only 
during renal artery clamping, s since during aortic clamping 
collateral blood flow ensures transplant perfusion. 

The third step is the management of the aneurysmal 
sac. The prosthesis is retracted laterally and clamps are 
applied distal to the aneurysm. The sac is opened longi- 
tudinally, the intraluminal thrombus i is evacuated and 
bleeding from lumbar arteries is controlled by ‘suture li- 
gation from within the aneurysm. 

Revascularization of the opposite lower limb completes 
the reconstruction. The aneurysmal wall is finally sutured 
around the prosthesis as in usual cases. 

The technique described is similar to the conventional 
technique of abdominal aortic repair except for the se- 
quence of surgical steps. Delaying the management of the 
aneurysmal sac does ‘not complicate the vascular repair 
and Jessens the duration of aortic and renal clamping. 
Inversely, the presence of the prosthesis does not hinder 
the treatment of the sac when the revascularization of the 
contralateral limb is performed last, allowing retraction 
of the prosthesis. Revascularization of at least one hy- 
pogastric artery seems preferable i in order to preserve pel- 
vic and colic blood supply; however, in patient 5, no com- 
plication occurred despite the lack of hypogastric revas- 
cularization. 

The absence of measures to protect the kidney simplifies 
the operation, reduces its duration, and suppresses the 
hazards and complications due to external shunts and 
systemic heparinization. Thus, infectious risks, potentially 
greater in these immunosuppressed patients, can be min- 
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imized; no septic problem occurred in our patients. 
Therefore, the technique described here may interest sur- 
geons who deal with arterial pathology, which is frequently 
observed in renal transplant patients and is likely to be- 
come increasingly common in the future. 
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Appendix 


Since submission of this paper, a sixth patient was operated 
on (October 21, 1985) with the same technique and with equally 
good results. 
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Colon perforation in renal transplant recipients is a potentially 
lethal condition that is amenable to appropriate medical and 
surgical treatment. The 11 cases seen at the Cleveland Clinic 
(incidence 1.1% of all renal transplant patients) and previous 
reports in the literature have been reviewed. The pathogenesis 
is related to a high incidence of diverticular disease in patients 
with polycystic kidneys and/or chronic renal failure, the effects 
of long-term immunosuppression, and the transplant procedure 
itself. The high mortality of this condition (61% overall) is related 
to the effects of immunosuppression on the response to sepsis 
and the surgical procedure used. Mortality has fallen from 88% 
(1970-1974) to 53% (1975-1979), and there are indications that 
it is continuing to fall. All four cases operated on here since 1980 
have survived, giving a total operative mortality of 2/6, and all 
have maintained excellent allograft function. A high clinical index 
of suspicion, prompt exteriorization of the perforated colon, re- 
duction of immunosuppression to minimal levels, and effective 
antibiotic coverage have all contributed to the declining mortality. 


ENAL TRANSPLANT recipients are a group of pa- 
tients at risk for a variety of complications be- 
cause of their need for long-term immuno- 


_ suppression. One of the less common but most lethal 


complications has been colonic perforation. In this report, 
we have presented the | 1 patients who suffered this disease 
after a renal transplant at this institution. We have also 
reviewed the English language literature in order to ana- 
lyze the factors contributing to the pathogenesis, morbid- 
ity, and mortality of the condition. 


Report of Cases 


From the beginning of the renal transplant program in 
1963 until August 1984, 1000 transplant procedures have 
been performed at the Cleveland Clinic in 824 patients. 
During this time we have identified 11 patients with colon 
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perforation posttransplant, an incidence of 1.1%. The case 
notes of all 11 patients are reviewed and are presented 
below. 


Case l 


In September 1964, a 46-year-old woman with end-stage renal disease 
secondary to polycystic kidneys (PKD) received her first cadaver renal 
transplant. High dose immunosuppression (prednisone 150 mg d™'; 
Imuran® 150 mg d~') was reduced to 25 mg d™' within 2 months of the 
procedure. Thirty-three days after transplantation, she was readmitted 
with left lower abdominal pain and fever. These symptoms, with recurrent 
urinary infections, persisted for 7 months. In July 1965, she developed 
pneumaturia, quickly became septicemic, and expired. Autopsy revealed 
a diverticular perforation of the sigmoid colon, sealed against the trans- 
planted kidney, and causing spreading pelvic infection with gas-producing 
organisms and a fistula into the bladder. 


Case 2 


In February 1965, a 40-year-old woman with PKD received a cadaver 
renal transplant. There was no major complication until June 1979, At 
that time, 14 years later, she developed peritonitis while living in South 
America. Laparotomy revealed a free perforation secondary to divertic- 
ulitis, and she died of overwhelming sepsis. No operative details are 
available. 


Case 3 


In September 1973 a 50-year-old man received his second renal trans- 
plant (cadaver) for chronic renal failure secondary to sclerosing glomer- 
ulonephritis. Thirty months after transplantation, he developed diarrhea, 
anorexia, and an Escherichia coli septicemia from a urinary infection. 
Two months later, he presented with fecaluria, and a barium enema 
demonstrated a colovesical fistula. This was treated with a diverting co- 
lostomy, and his condition improved. Within 6 weeks, however, he died 
after a stroke. Autopsy showed cerebral infarction and systemic amy- 
loidosis. 
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Case 4 


In December 1973, a 47-year-old man with renal failure secondary to 
membranous glomerulonephritis received his first renal transplant (related 
donor). In January 1974, acute rejection was diagnosed and treated with 
intravenous methylprednisolone and radiation in a dose of 450 R to the 
transplanted kidney. A further episode of acute rejection was treated 
unsuccessfully in February 1974, and in April of that year transplant 
nephrectomy was performed. After operation, an abscess developed at 
the site of nephrectomy, and in May this was drained. One month later 
a fecal fistula developed at the drainage incision. The fistula was pouched, 
and no operative treatment was given. One month later the patient died 
of bilateral necrotizing pneumonitis. 


Case 5 


In 1974, a 52-year-old woman with chronic pyelonephritis received a 
cadaver renal transplant. Four years later, she was admitted with epistaxis 
and at that time complained of abdominal pain. The pain persisted, and 
a chest radiograph 8 days after admission showed free intraperitoneal 
gas. There was no evidence of peritonitis on physical examination, and 
a repeat chest radiograph after 3 days showed no pneumoperitoneum. 
Within 24 hours, the patient became acutely ill with hypovolemia and 
acidosis. She suffered cardiac arrest. Autopsy revealed a large tear in the 
sigmoid colon with fecal peritonitis. There was no diverticular disease. 


Case 6 


In May 1976, a 45-year-old woman with nephrosclerosis and hyper- 
tension received a renal transplant from her daughter. After operation, 
she became anuric, and renal biopsy showed cortical necrosis, thrombosis 
of small vessels, and acute tubular necrosis. Eleven days after surgery, 
she developed vomiting with diffuse abdominal tenderness. These symp- 
toms resolved over the following week, but they recurred and a pneu- 
moperitoneum was seen on an abdominal radiograph. At laparotomy, 
there was a large tear in the sigmoid colon with fecal peritonitis. A subtotal 
colectomy and ileostomy was performed, but the patient died of sepsis 
9 days after operation. Microscopic examination of the colon showed 
diffuse ischemic colitis with extensive thrombosis of mesenteric vessels 
and mucosal necrosis. 


Case 7 


In 1974, a 52-year-old woman received her second cadaver renal 
transplant following bilateral nephrectomy for chronic glomerulone- 
phritis. Two years later, she was treated with an increased dose of pred- 
nisone for suspected rejection (50 mg d~'). Shortly thereafter, she was 
admitted with nausea, vomiting, fever, and chills. After 2 days, she de- 
veloped abdominal pain and tenderness. Barium enema examination 
suggested a localized sigmoid perforation, and with broad spectrum an- 
tibiotics her symptoms decreased. One week later, severe pain recurred, 
and laparotomy was performed. There was a perforation of the recto- 
sigmoid junction with a pelvic abscess and fecal peritonitis. The perforated 
bowel was resected with formation of an end descending colostomy and 
oversewing of the rectal stump (Hartman procedure). After operation, 
the patient suffered a wound dehiscence, rectal stump breakdown, and 
pelvic abscess. Sepsis persisted, and she died 4 weeks after surgery. 


Case 8 


In October 1980, a 42-year-old black woman with chronic glomeru- 
lonephritis received a cadaver renal transplant. After operation, acute 
rejection was suspected, and she was given intravenous methylprednis- 
olone. Ten days after transplantation, she complained of lower abdominal 
pain, which was associated with tenderness. A diagnosis of diverticulitis 
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was made, and she was treated with antibiotics. Seven days later, her 
abdominal pain worsened, and chest radiograph showed free intraperi- 
toneal gas. At laparotomy, perforated sigmoid diverticulitis was found 
and resected with an end descending colostomy and an oversewn rectal 
stump. Recovery was complicated by wound infections and an incisional 
hernia. Colorectal anastomosis was performed in February 1981. 


Case 9 


In April 1983, a 53-year-old white female received her second cadaver 
renal transplant. After operation, she was treated with intravenous meth- 
ylprednisolone for acute rejection. Ten weeks after the transplant, she 
was readmitted with fever, leukocytosis, and a bleeding duodenal ulcer. 
This resolved with medical therapy, but a week later she complained of 
abdominal pain, rectal bleeding, and was noted to be febrile (40 C). Free 
intraperitoneal gas was seen on abdominal radiograph, and gastroduo- 
denoscopy showed a healing duodenal ulcer. Antibiotic therapy was begun 
with improvement of symptoms. Within 4 days, however, abdominal 
pain, tenderness, and distension recurred, and laparotomy was performed. 
A perforated sigmoid diverticulum was found with fecal peritonitis. The 
diseased bowel was resected with formation of an end descending co- 
lostomy and rectal stump. Recovery was uneventful, and the colostomy 
was closed with colorectal anastomosis in November 1983. 


Case 10 


On March 20, 1983, a 42-year-old black male with renal failure sec- 
ondary to chronic glomerulonephnitis received a cadaver renal transplant. 
Ten days later, he complained of severe left lower abdominal pain and 
had signs of peritoneal irritation. Abdominal radiographs did not show 
pneumoperitoneum, but laparotomy was performed. There was a per- 
foration of a sigmoid diverticulum with a generalized purulent peritonitis. 
The bowel was resected and an end descending colostomy made with 
oversewing of the rectal stump. Recovery was uncomplicated and co- 
lorectal anastomosis was performed in May 1983. 


Case 11 


In November 1983, a 39-year-old white woman with renal failure due 
to chronic glomerulonephritis received a cadaver renal transplant. One 
week after operation, she became febrile and complained of severe lower 
abdominal pain. Signs of peritoneal irritation were present in the left 
lower abdomen, but chest and abdominal radiographs were normal. Over 
the next few days, the pain decreased in severity, but 20 days after the 
transplant it worsened. Despite an absence of signs of peritonitis, a chest 
radiograph showed free intra-abdominal gas. At laparotomy, there was 
a localized perforation of an area of sigmoid diverticulitis. A sigmoid 
colectomy with end descending colostomy was performed, and the rectal 
stump was oversewn. There were no complications, and the patient’s 
colostomy was closed by colorectal anastomosis !1 weeks later. 


Review of the Literature and Discussion 


The cases presented above are summarized in Table 1. 
There is a marked difference in the pattern of case history 
of patients treated before 1980 and after 1980. The seven 
patients seen with colon perforation prior to 1980 had 
long intervals between transplant and perforation, re- 
ceived definitive surgery in only two cases, had a variety 
of etiologies of their perforations and a 100% mortality 
(five of the seven due primarily to the perforation). In 
contrast, patients perforating their colons after 1980 did 
so relatively soon after transplantation, had identical pa- 
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TABLE 2. Mortality of Operative Procedures for Colon Perforation in Renal Transplant Recipients 

















Resection and Resection and Diversion 
Exteriorization Anastomosis + Drainage No Operation Totals 
Years Died Lived Died Lived Died Lived Died Lived Died Lived 
1970-1974 5 3 2 0 5 0 9 0 21 3 
1975-1979 12 13 5 2 7 7 l 0 25 22 
1980--1984 i} 5 m _ 0 1 i 0 2 6 
Totals 18 21 7 2 2 8 H 0 48 31 





thology, identical treatment but no mortality. A similar 
pattern of decreasing mortality with time is seen in series 
reported in the literature (Table 2). 

A search of the English literature revealed 82 cases of 
colon perforation in renal transplant recipients.'-?° Our 
11 cases have been added to these for review. The median 
age of the patients is 46 years (range: 4-71 years) with a 
sex distribution of 43 males and 36 females (14 sexes not 
stated), The majority had received a kidney from a cadaver 
donor (49/69), while 20 received kidneys from living do- 
nors. In 24 cases, the source of the transplanted kidney 
was not given. Chronic glomerulonephritis was the most 
common disease causing renal failure in those cases where 
a cause was stated (30/58). Also mentioned were polycystic 
kidneys (13/58), hypertension (9/58), chronic pyelone- 
phritis (3/58), cancer, renal hypoplasia, and systemic lupus 
erythematosis (1 each). Table 3 shows the range of time 
from transplant to perforation. Over half of the cases oc- 
curred within 3 months of the renal transplant, although 
the times were evenly distributed within that 3-month 
period. Time from transplant to perforation did not in- 
fluence overall mortality, although in our series there was 
an association between high mortality and lengthy trans- 
plant/perforation interval. Of the 45 patients for whom 
data were available, 24 had an episode of graft rejection 
prior to their colonic perforation. The mortality rate of 
this subgroup (14/24) was similar to that of patients with 
good graft function prior to perforation (12/21). There 
was little data concerning the dose of immunosuppressive 


TABLE 3. Range of Time Intervals from Renal 
Transplant to Perforation 





Time from Transplant No. of 
to Perforation Cases Deaths Mortality 

Less than 2 weeks 12 8 67% 
2-4 weeks 13 8 62% 
4-6 weeks 8 4 50% 
6-8 weeks 10 5 50% 
8-12 weeks 10 8 80% 
3-6 months 4 2 50% 
6-12 months il 7 64% 
Greater than 12 months 17 12 71% 

Total 85 54 64% 








medications either before or after colon perforation. The 
patients in our series were on a regimen of immuno- 
suppression that was dependent on the time since trans- 
plantation. Doses of prednisone varied from 150 mg d`! 
immediately posttransplant to 15 mg d`! maintenance. 
Azathioprine was usually started 1 to 4 days after trans- 
plantation, and a course of antilymphocyte globulin was 
given to three patients. Suspected acute rejection was 
treated with intravenous methylprednisolone in three pa- 
tients, one of whom died of pneumonitis and the other 
two of whom survived. When the diagnosis of colon per- 
foration was made before operation, the dose of predni- 
sone was reduced sharply to 15 mg d™' or less and aza- 
thioprine was stopped. 

The most common presenting symptoms in the 71 pa- 
tients for whom symptoms were reported were abdominal 
pain (59 cases, 83%), fever and/or chills (23 cases, 32%), 
abdominal tenderness (17 cases, 24%), and peritonitis (21 
cases, 30%). Less common complaints were diarrhea (4 
cases), constipation (5 cases), nausea and vomiting (6 
cases), rectal bleeding (3 cases), and fecal fistula (3 cases). 
There were 30 patients for whom the result of radiographic 
examination was reported. In 25 (93%), pneumoperito- 
neum was seen on plain chest or abdominal films, and in 
two cases there was no pneumoperitoneum. In 12, contrast 
enemas showed evidence of perforation. The results of 
white blood cell counts were not available in most reports, 
but for our series this was elevated in three of the 10 cases 
where it was measured. There were only 29 patients for 
whom the time from onset of symptoms to surgery was 
reported. The median time was 4 days with a range of 
zero to 14 days (excluding Case 3, operated on 2 months 
after development of a vesicocolic fistula). 

The sigmoid colon was the site of perforation in 59 
cases, while the others were evenly distributed around the 
large bowel. Diverticulitis was the most common cause 
of perforation (50/72, 69%), with iatrogenic factors ac- 
counting for nine cases (13%), ischemia for seven (10%), 
impaction for four (6%), and colonic ulcers and colitis for 
one case each. The cause of the perforation was either not 
known or not stated in 21 cases. Overall mortality directly 
due to colon perforation was 61% (57/93). In Table 2, the 
mortality is analyzed according to the year of the report 
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and the type of operation performed. The cases reported 
here have been tabulated according to the year in which 
their perforation occurred. The mortality for 1970-1974 
is significantly greater (x? = 8.08, p < 0.01) than the mor- 
tality between 1975-1979. The small number of series 
reported during the last 5 years precludes satisfactory sta- 
tistical analysis, but there is a trend towards an even lower 
mortality. In patients with diffuse peritonitis (Table 4), 
mortality was significantly greater than in those with lo- 
calized peritonitis (x? = 9.80, p < 0.01). While these two 
major factors in the outcome of colon perforation in renal 
transplant patients are emphasized, there are a number 
of other factors contributing to the etiology and sequelae 
of this disease. 


Factors Predisposing to Colon Perforation in 
Renal Transplant Recipients 


Chronic Renal Failure 


There have been at least 19 cases of spontaneous colon 
perforation reported in patients with chronic renal fail- 
ure.?°- In such patients, there is a tendency to consti- 
pation related to the ingestion of aluminum-containing 
antacids,”'~*4 inactivity,*?* dehydration and electrolyte 
imbalance,”!'?>4 retained barium, and the occasional use 
of polystyrene resins.” There is also a high incidence of 
diverticular disease in young uremic patients.'? This is 
shown in the low median age of renal transplant patients 
with perforation of diverticula (46 years) and has led to 
delay in diagnosis of such a perforation in at least one 
case.! In uremic patients, decreased tissue strength, au- 
tonomic nervous sytem dysfunction, or chronic consti- 
pation may lead to the early development of diverticu- 
losis.' A further risk factor for colon perforation in patients 
with chronic renal failure is ischemia secondary to ath- 
erosclerosis,”* hypertriglyceridemia,*“ or enterocolitis.° In 
renal transplant recipients, therefore, the stage is set for 
colonic complications by the changes induced by chronic 
renal failure. Other factors related to the transplant itself 
may precipitate these complications. 


Iatrogenic Factors/Graft Irradiation 


Only nine of the 82 cases of colon perforations reviewed 
were related to therapeutic maneuvers. Two were due to 
enema administration,’ one followed treatment of 
bleeding cecal ulcer with vasopressin,* and six were due 
to surgical procedures.*®*? Renal transplant recipients 
are at risk for such injuries because of impaired capacity 
for healing and the tissue weakness induced by a com- 
bination of uremia and corticosteroids. 

The role of donor kidney irradiation in precipitating 
colon perforation is controversial. Some authors have 
discounted it as a factor,'>° while others consider that it 
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TABLE 4. Mortality for Free versus Localized Colon Perforations 
in Renal Transplant Patients 








Lived Died Total 
Free perforation 6 21 27 
Localized perforation 12 5 17 
Total 18 26 44 





may contribute.”!© Only 10 of the cases reviewed were 
reported as receiving graft irradiation. Doses ranged up 
to 600 rads. This suggests that graft irradiation is a rela- 
tively unimportant factor in the pathogenesis of sponta- 
neous colon perforations, although in Case 4 it may have 
predisposed to the formation of a fecal fistula. 


Immunosuppression 


At this time, there is no data to show that the incidence 
of colon perforations in an immunosuppressed group of 
patients is higher than that in a group not immunosup- 
pressed.>?° There is evidence that corticosteroids cause 
atrophy of lymphoid aggregates with subsequent thinning 
of bowel wall,”:!!° a decreased turnover of mucosal cells, 
inhibition of ground substance formation,” and a decrease 
in the reparative activity of fibroblasts.”!!?” These effects 
may increase the risk of perforation during an exacerba- 
tion of diverticulitis, or when ischemia or fecal impaction 
occur. Remine et al.” have shown that the majority of 
colon perforations in patients receiving steroids occur 
when a dose equivalent to 20 mg a day or greater has 
been given. 

Over half of the reviewed cases suffered their perforation 
within 3 months of transplantation (Table 2), when daily 
steroid dose is high but presumably with a lower total 
steroid dose than cases with later perforations. Both the 
daily dose and the total dose of steroids may therefore be 
important in predisposing towards colon perforation. 
Bernstein et al.? and Novick et al.*? found that the use of 
antilymphocyte globulin (ALG) enabled a reduction in 
the dose of steroids without increase in morbidity or mor- 
tality. Similarly, Salvatierra et al.” were able to show a 
decrease in septic complications and deaths when trans- 
plant patients received lower doses of immunosuppressive 
drugs. 


Fecal Impaction/Ischemia 


Fecal impaction was quoted as a cause of colon per- 
foration in only three of the cases reviewed, although it 
may have been associated with the six cases of idiopathic 
perforation. When patients are hospitalized such as in the 
postoperative period, the risk of impaction is increased 
due to factors already discussed. This risk would apply to 
the minority of patients reported as having a colon per- 
foration in the immediate posttransplant period. A com- 
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bination of ischemia and constipation may be particularly 
dangerous, as in patient 6. 

There are several factors acting to produce colonic 
ischemia in renal transplant recipients,” including athero- 
sclerosis, postsurgical hypotension, surgical injury to the 
vessels supplying the bowel, damage from graft irradiation, 
and necrotizing colitis secondary to antibiotic therapy. In 
addition, steroids have been shown to cause vasculitis and 
focal intestinal necrosis,*! although Demling et al.'® could 
find no evidence of these changes in three cases of bowel 
necrosis early in the posttransplant period. Only seven of 
the 82 cases reviewed stated ischemia to be the cause of 
the perforation, although other cases of ischemia without 
perforation were also described.* 


Diverticulosis 


Diverticulitis is the most common cause of colonic 
perforation in renal transplant recipients. This may be 
due to a high incidence of diverticulosis in these patients 
or a high rate of perforation of the diverticula. A partic- 
ularly high incidence of diverticulosis has been reported 
by Scheff et al. in patients with polycystic kidney disease 
(PKD).** They speculated that there may be a congenital 
colonic defect in such patients, predisposing to divertic- 
ulosis or perforation and reported diverticular perforation 
in four of 12 patients with PKD. Results of this review 
have shown that 12 of the 13 patients with renal failure 
resulting from PKD suffered perforations due to divertic- 
ulitis while this ratio in patients with glomerulonephritis 
was 10 of 20 (x? = 3.07, p < 0.1). Although not significant 
at a p < 0.05 level, this data supports the suggestions of 
Scheff et al.” 


Factors Contributing to the Morbidity and Mortality of 
Colon Perforation in Renal Transplant Patients 


The morbidity and mortality of renal transplant pa- 
tients with colon perforations are high. In patients sur- 
viving perforations, the complications reported include 
sepsis—either in the wound, the pelvis or the perito- 
neum,”!°'' wound dehiscence,*® hemorrhage,’ fistula,*!! 
myocardial infarction, pneumonia," and pulmonary em- 
bolus.” Many of these complications also occurred in 
nonsurvivors, contributing to their deaths. Septic deaths 
were the most common. Several factors act to increase 
the risk and severity of these complications in renal trans- 
plant recipients. The selected nature of renal transplant 
recipients, however, is one factor that works against risk 
by excluding the aged or severely ill candidates. 


Delay in Diagnosis 


The symptoms and signs of colonic perforation that 
are present in the nonimmunosuppressed patient are often 
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absent or less impressive in the patient on steroids. This 
has been noted by several authors,?”!9-'8 and on oc- 
casion the diagnosis of the colon perforation was not made 
until autopsy.'°'* Remine et al.” showed that, in patients 
receiving steroids, the mean time from onset of symptoms 
of bowel perforation to surgery was 2 days in groups with 
less than 20 mg prednisone daily and 8 days in the group 
taking more than 20 mg prednisone daily. 

They also noted that bowel function continued in this 
group, despite fecal contamination of the peritoneal cavity. 
The anti-inflammatory properties of steroids responsible 
for this masking effect on clinical signs include a decrease 
in lymphocyte and monocyte counts,** impairment of 
leukocyte phagocytosis, chemotaxis and lysozyme func- 
tion, and depression of cell-mediated immunity.” Guice 
et al.' have commented that the principal determinant of 
outcome in renal transplant patients with colon perfo- 
ration is the time interval from perforation to surgery, 
although in our series three of the four survivors of colon 
resection had surgery 5 or more days after the onset of 
symptoms. Onset of symptoms does not necessarily signify 
onset of perforation in cases where a preceding divertic- 
ulitis or ischemic colitis occurs. Another infrequent cause 
of a delay in diagnosis has been confusion of the symptoms 
of the colon perforation with allograft rejection.'*!° 


Degree of Spread of Sepsis 


In addition to masking signs of colon perforation, the 
influence of steroids on the inflammatory response may 
impair the patient’s ability to localize or contain intra- 
abdominal infection.” In the series of cases reviewed, 
27 suffered free perforation and 17 had local perforation. 
The effect of this distinction on mortality is highly sig- 
nificant, with 21 of the former group succumbing and 
five of the latter (78% vs. 27%, x? = 9.80, p < 0.01). 
Even in patients not on steroids, failure of localization of 
the perforation has a marked effect on mortality,** and 
this effect of steroid therapy has been commented on 
widely, 78:12:!3.26.36 


Medical Treatment 


Reducing or stopping immunosuppressive drugs is im- 
portant in the treatment of colon perforations in renal 
transplant patients.'?°° Guice et al.' successfully de- 
creased prednisone dosage to 10 mg a day, a dose aimed 
more at maintaining renal function than preventing ad- 
renal insufficiency. Aguilo et al.” recommended cessation 
of all immunosuppression and abandonment of the graft 
if this were necessary. In patients treated here, all im- 
munosuppression was stopped after colon perforation, 
save for 15 mg a day of prednisone. There was no ill effect 
of this regimen on graft function, and it proved adequate 
adrenal replacement therapy. The advent of more effective 
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antibiotic agents in recent years has probably contributed 
to the declining mortality rate seen in Table 2. 
Surgical Treatment 

In two large reviews of the surgical treatment of per- 


` forated diverticulitis, both Greif et al.** and Eng et al.” 


noted high mortality rates when the diseased segment was 
not resected at the first operation. Similarly, in renal 
transplant recipients, the mortality rate of colostomy and 
drainage (60%) is higher than that of resection with ex- 
teriorization (46%). In patients reviewed with unprotected 
intraperitoneal anastomoses, seven of nine died. Carson 
et al.° observed a clear relationship between the type of 
operation performed for colon perforation in renal trans- 
plant patients and ultimate survival. 

This relationship is seen in Table 3 and is partially re- 
sponsible for the decreasing mortality in more recent re- 
ports. Many authors recommend either resection and end 
colostomy or exteriorization of the perforation.!:2%!!,18 A 
Hartman-type procedure was performed in all six cases 
operated on at the Cleveland Clinic, with two postoper- 
ative deaths. Several authors have also advocated peri- 
toneal lavage,'*®!! and Faro and Corry’ had three sur- 
vivors from three patients in which a meticulous perito- 
neal debridement was added to the surgical procedure. 


Methods of Prevention 


Reduction of the morbidity and mortality of colonic 
perforation in renal transplant recipients is best achieved 
by prevention of the disease. As diverticulitis is the most 
common cause of the perforations, patients with diver- 
ticulosis are the most obvious candidates for prophylaxis. 
In asymptomatic patients over age 40 to 55 years, routine 
barium enemas have been advocated.3*!011,1320 However, 


Ne as prophylactic colectomy should be reserved for patients 


with symptomatic diverticulitis,'7>!! the value of routine 
barium enemas in asymptomatic patients, except in the 
subgroup of patients with PKD, is questionable. Other 
prophylactic measures include prevention of constipation 
by avoidance of certain oral antacids,!* the use of a pre- 

. transplant bowel preparation, and the use of steroid spar- 
ing immunosuppression regimens. 

Early diagnosis of colon perforations once they have 
occurred can be helped by a high index of suspicion: The 
use of water soluble contrast enemas in transplant recip- 
ients with equivocal abdominal symptoms and signs has 
been recommended, !*7 and early laparotomy for signs of 
peritoneal irritation is also advised.' 

Colon perforation is a serious surgical illness with an 
appreciable mortality in patients without renal disease or 


- stenosis. In patients receiving steroid therapy, the mor- 


tality rises (49%),?#4937 while in renal transplant recip- 
ients it is 61% overall. There is evidence that the mortality 
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of renal transplant patients with colonic perforation is 
falling as improvements are being made in the recognition, 
prevention, and both medical and surgical management 
of the disease. These improvements need to be maintained 
by a continuing awareness of the clinical condition. 
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Collective Review of Small Carcinomas 


of the Pancreas 





RYOICHI TSUCHIYA, M.D., F.A.C.S. 
TAKATOSHI NODA, M.D. 

NOBORU HARADA, M.D., F.A.C.S. 
TOSHIMITSU MIYAMOTO, M.D. 


To determine problems involved in the treatment and diagnosis 
of pancreatic cancer, a collective study of small carcinoma of the 
pancreas (2 cm or less in diameter) was performed. One hundred 
six cases were collected and analyzed. The results were as follows: 
(1) In small carcinoma of the pancreas, the resectability rate 
was 99.0% and the operative mortality rate was 4%. (2) Only 
44% of the patients belonged to Stage I, and 14% belonged to 
Stage IH or IV. (3) Lymph node involvement, capsular invasion, 
retroperitoneal invasion, and vascular invasion were found in 30, 
20, 12, and 9% of the patients, respectively. (4) The postoperative 
cumulative 5-year survival rate was 30.3%, and that of Stage I 
was 37.0%. (5) A small-sized tumor of the pancreas is not always 
an early carcinoma, but a tumor in Stage I may be regarded as 
an early carcinoma. (6) Percutaneous transhepatic cholangiog- 
raphy and endoscopic retrograde cholangtopancreatography were 
the main diagnostic indicators in cases with and without jaundice, 
respectively. (7) There was no specific single serum test for de- 
tecting small pancreatic cancer. 


T SEEMS that the smaller the size of a solid tumor, the 
earlier the disease. However, is a small-sized tumor 
indicative of early carcinoma of the exocrine pan- 


+ creas? Does such a tumor have a better prognosis after 


~ resection? How can small carcinoma of the pancreas be 


detected? To answer these questions, reports of 106 pa- 
tients with small carcinoma—z2 cm or less in diameter— 
were collected from major institutions in Japan and an- 
alyzed. 


Materials and Methods 


A detailed questionnaire in regard to small carcinoma 
of the pancreas—2 cm or less in diameter—was sent to 
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871 institutions (general or university hospitals) all over 
Japan. 

Replies from 441 institutions were obtained. The re- 
sponse rate was 50.6%, and reports on 106 patients with 
small carcinoma of the pancreas, for the 17-year period 


. from December 1966 to September 1983, were collected 
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and analyzed. 

The total number of patients with carcinoma of the 
pancreas experienced in that period comprised 49 insti- 
tutions and 3315 patients. Out of 3315 patients, 753 had 
undergone resection, including 71 patients with small 
carcinoma. Therefore, the overall resectability rate was 
22.7%. The incidence of small carcinoma among all pa- 
tients with carcinoma of the pancreas was 2.1%. It was 
9.4% among the patients who had received resection. The 
resectability rate in patients with tumors more than 2 cm 
in diameter was 21.9%. 

The questionnaire consisted of 30 items, as shown in 
Table 1. Cystadenocarcinoma, ampullary carcinoma, and 
islet cell tumor were excluded from this study. 

The cumulative survival rate after surgery was calcu- 
lated by the Kaplan-Meier method, and statistical analysis 
was done by the Greenwood formula. 


Results 
Sex and Age 


Of 106 patients with small carcinoma of the pancreas, 
72 were males and 34 were females. The male to female 
ratio was 2.1 to 1. Ages ranged from 32 to 88 years old 
with an average of 59.8 years. There was no significant 
difference in age between the sexes based on the chi square 
test. 


78 


TSUCHIYA AND OTHERS 


TABLE 1. Questionnaire 





1. Name of institution 16. Lymph node metastasis 

2. Total number of patients, 17. Capsular invasion 
number of resectable 18. Retroperitoneal invasion 
cases 19. Invasion to portal veins 

3. Sex, age and date of birth of 20. Invasion to duodenum 
patient 21. Invasion to choledochus 

4. Family history 22. Stage 

5. Previous history 23. Location of tumor 

6. Reasons for the patient's 24. Macroscopic finding of 
visit to your institution? tumor 

7. Date of onset of symptoms 25. Curative resection? 

8. Date of admission 26. Chemotherapy? 

9. Date of operation 27. Radiation therapy? 

10. Date of discharge 28. Early postoperative 

tl. Prognosis, dead or alive, complications 
date 29. Late postoperative 

12. Operative procedure complications 

13. Grade of lymph node 30. Histopathological diagnosis 


dissection 
14. Invasion at resected stump 
15. Size of tumor 





Location of the Tumor 


In two autopsied cases, there was no description as to 
location of the tumor. Out of 104 patients, 92, 88.5%, 
had tumors located in the head of the pancreas. In seven 
patients, the tumor was located in the body, and in five 
it was found in the tail of the pancreas. 


Operation 


Two cases of small carcinoma of the pancreas were 
found at the time of autopsy. One female patient with 
carcinoma of the head of the pancreas had received pal- 
liative rather than excisional surgery, because of her ad- 
vanced age of 88 years. All of the remaining 103 patients 
had undergone resection. Therefore, the resectability rate 
in small carcinoma of the pancreas was 103 of 104 patients 
or 99.0%, 

The operative procedures employed in 103 patients 
were total pancreatectomy, pancreatoduodenectomy, and 
distal pancreatectomy. 

Total pancreatectomy was performed on 18 of 103 pa- 
tients, or 17.5%, of which 16 had carcinoma of the head 


TABLE 2. Surgical Treatment for Small Carcinoma 





Location of Tumor 








Operative 
Procedure Head Body Tail Total Percentage 
Total pancre- 
atectomy 16 2 — 18 17.5 
Pancreatoduo- 
denectomy T5 l — 76 73.8 
Distal pancre- 
atectomy — 4 5 9 a 
Total 91 4d 5 103 100% 





Ann. Surg. « January 1986 


TABLE 3. Stage and Recurrence and/or Cancer Death 
in Resected Cases of Small Cancer 











Recurrence 
and/or 
Stage Number Cancer Death Percentage 
I 45 13 28.8 
H 44 17 38.6 
HI 12 5 41.7 
IV 2 0 
Total 103 35 





of the pancreas and two had carcinoma of the body. Pan- 
creatoduodenectomy was done on 76 patients, or 73.8%, 
of which 75 patients received the operation for carcinoma 
of the head of the pancreas, and one for carcinoma of the 
body. Distal pancreatectomy was carried out in nine pa- 
tients, or 8.7%, of which four patients had carcinoma of 
the body and five had carcinoma of the tail (Table 2). 


Operative Results 


There were four operative deaths, which occurred 
within | month after excisional surgery for carcinoma of 
the head of the pancreas. The operative mortality, there- 
fore, was four out of 103, or 3.9%. Three patients had 
undergone pancreatoduodenectomy, and one had re- 
ceived total pancreatectomy. Besides the operative deaths, 
there were 35 deaths due to causes related to carcinoma 
(Table 3). The average postoperative survival period was 
17.9 + 12.0 months (mean + S.D.), and the range was 
from 42 days to 4 years. On the other hand, there were 
21 deaths in which the cause of death was not related to 
the disease. Their average postoperative survival period 
was 21.5 + 34.5 months (mean + S.D.), with a range from 
35 days to 13 years and 8 months. Therefore, 60 out of 
the 103 patients had already died. Of the remaining 43 
patients, two were lost to follow up. Forty-one patients 
were alive as of September 30, 1983. Their average post- 
operative survival period was 32.4 + 36.5 months (mean 
+ §.D.), with a range from 1 month to 12 years and 6 
months. 


Stage Classification 


The Japanese Pancreatic Society' has proposed the stage 
classification of carcinoma of the pancreas as follows. 


TABLE 4. Stage Classification Proposed by Japanese 
Pancreatic Society (April 1982) 





Stage I: T, (0-2 cm) No So Rpo Vo 
Stage Ik: T, (2.1-4.0 cm) N, S; Rp, V, 
Stage IH: T, (4.1-6.0 cm) N: S; Rp, V: 
Stage IV: T; (6.1 cm- ) N3 S; Rp; Va 
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TABLE 5. Location of Tumor and Stage in Resected Cases 


of Small Carcinoma 
Head Body Tail Total  Perçentage 
Stage I 39 3 3 45 43.7 
Stage II 40 3 1 44 42.7 
Stage II 10 1 1 12 11.7 
Stage IV 2 2 1.9 


Total 91 7 5 103 109.0 


Stage I: Size of the tumor is 2 cm or less in diameter, 
designated as T,. There is no evidence of regional lymph 
node involvement (No), no capsular invasion (Sọ), no ret- 
roperitoneal invasion (Rpo), and ‘no invasion to either 
portal, superior mesenteric, or splenic vein (Vo). 

Stage Il: Size of the tumor is from 2.1 to 4.0 cm in 
diameter (T2). There is evidence of lymph node involve- 
ment in the primary group closely situated to the tumor 
(N)). There i is suspected invasion to the capsule (S,), sus- 
pected invasion to the retroperitoneum (Rp), or suspected. 
invasion to the veins (V). ` 

Stage IMI: The size is from 4.1 to 6.0 cm in diameter 
(T3). There is evidence of lymph node metastasis in the 
secondary group, which is ‘located between the primary 
and tertiary groups (N 2). There is definite invasion to the 
capsule (S2), the retroperitoneum Rp), or the veins (V2). 

Stage IV: The size is more than 6.1 cm in diameter 
(T4). There is lymph node metastasis in the tertiary group 
regarded as juxta-regional lymph nodes (N 3). There is ev- 
idence of direct invasion to the adjacent viscera (S3), severe 
invasion to the retroperitoneum (Rps); or severe invasion 
to the veins (V 3) (Table 4). 

The'103 patients who had undergone resection were 
grouped according to the above stage classification. Forty- 
five patients or 43.7% belonged to Stage I, and 44 patients 


, of 42.7% to Stage TI, 12 patients to Stage II, and two 


patients to Stage IV. Therefore, only about a half of the 
patients with small carcinoma of the pancreas 2 cm or 
less in diameter belonged to Stage I. ‘On the contrary, 
about 14% of the patients belonged to either Stage IN or 
IV. In two Stage IV patients, juxta- regional lymph node 
involvement was found (Table 5). 


TABLE 6. Relationship between Stages and Factors in Small 


Carcinoma of ie Pancreas 
Stage Points N s Rp v 
I 45 0 0 0 0 
u 44 26 (Ni) 13S) 12 (Rp;) 7) 
m 12 3 N3) 7 (S2) 2 (V2) 
IV 2 2 (N3) 
Total 103 31 20 12 9 
30.1% 8.7% 


20.0% 
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TABLE 7. Cumulative Survival Rate in Each Stage 
1 3 5 10 


Year Years Years Years 
Stage I 89.5% 51.8% 37.0% 37.0% 
0 73.8% 43.7% 26.2% = 
m 51.4% — — — 
IV 100% — — — 
Total 71.8% 44.5% 30.3% 


Relationship between Stage and Factors that Influence 
Prognosis (Table 6) 


In 45 Stage I patients, no factors such as N, S, Rp, or 
V were found to occur naturally. In 44 patients of Stage 
Il, N, was found in 26 patients, S, in 13, Rp, in 12, V, 
in seven. In 12 patients of Stage III, N, was found in three 
patients, S, in seven, V2 in two. In two patients oh Stage 
IV, N; was seen in both patients. 

Therefore, even in small carcinoma, the N factor, that 
is, lymph node involvement, was found in 31 patients out 
of 103, 30.1%. Capsular invasion was seen in 20 patients, 
20%, retroperitoneal invasion was found in 12 patients, 
11.7%, and invasion to the portal venous system was found 
in nine patients, 8.9%. On the other hand, one patient 
who had not been operated on was found to have a pul- 
monary metastasis at the time of autopsy. 

Therefore, more than a half of the cases of small car- 
cinoma of the pancreas ‘were not early carcinoma at all. 


Postoperative Cumulative Survival Rate 


One-, 3-, 5-, and 10-year survival rates were 77.8, 44.5, 
30.3, 30.3%, respectively. Among the survival rates in each 
Stage, that of Stage I seemed most satisfactory, that i is, 
89.5% at 1 year, 51.8% at 3, and 37% at both 5 and 10 
years. However, there was no statistically significant dif- 
ference between Stage I and II survival rates (Table 7). 

The cumulative survival ratés were calculated according 


to the grade of lymph node involvement, capsular inva- 


sion, retroperitoneal invasion, or invasion to the portal 
venous system. 


TABLE 8. Cumulative Survival Rate and Lymph Node Involvement 


1 3 5 10 

Year Years Years Years 
No 88.6% 7 47.0% 29.8% 29.8% 
N; 60.0% -- 40.9% 30.7% phe 
N; | 0% : 
N, 100% 
N(-) 88.6% 47.0% 29.8% 29.8% 
N (+) 58.8% 42.0% 33.6% = 


] = 95% confidence interval. 
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TABLE 9. Reason for Hospital Admission 
No. of Patients Percentage 
Symptoms and/or signs 99 93.4 
Mass screening test 2 1.9 
UGI 2 
Outpatient 2 1.9 
Pancreatic stone i 
Chronic pancreatitis I 
After operation 3 2.8 
Early gastric cancer l 
Biliary drainage 2 
Total 106 100.0 
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TABLE 10. Diagnostic Indications for Small Pancreatic Cancer 








With No 

Jaundice Jaundice Total 
PTC 34 6 40 
ERCP 6 22 28 
US 3 4 7 
UGI l 3 4 
Amylase — 3 3 
Clinical findings 6 4 10 
Operative findings 4 5 9 
Others _ 5 5 
Total 54 52 106 





There was a statistically significant difference in l-year 
survival rate between No and N,, and between negative 
lymph node involvement and positive lymph node in- 
volvement (Table 8). 

There was also a significant difference in 5-year survival 
rate between So and positive capsular invasion. 

Concerning Rp and V factor, there were no significant 
differences in survival rates, since the number of surviving 
patients was so limited. 5-year survival rates for Rp and 
V factor could not be calculated, because their postop- 
erative periods were less than 5 years as of September 30, 
1983. 


Diagnosis 


Out of 106 patients with small carcinoma of the pan- 
creas, 99 (93.4%) visited the hospital because of some 
complaint, and two for further examination after mass 
screening for gastric cancer. Two patients were found as 
a result of treatment for chronic pancreatitis, and three 
underwent laparotomy elsewhere, which led to the dis- 
covery of the pancreatic mass (Table 9). The period of 
their suffering disease is 3.4 months on the average. 

Diagnostic tools or findings that led to the detection of 
the cancer were arranged in order of frequency: percu- 
taneous transhepatic cholangiography (PTC), endoscopic 
retrograde cholangiopancreatography (ERCP), clinical 
evaluation and operative findings. In 54 jaundiced pa- 








tients, PTC was useful (34/54), as was ERCP in 52 non- 
jaundiced patients (22/52) (Table 10). 

Table | 1 shows the diagnostic sensitivity of various im- 
aging techniques. 

PTC provided correct diagnosis in all patients, with or 
without jaundice. ERCP correctly diagnosed 94.1% with 
jaundice and 100% without jaundice. Ultrasonography 
(US) was correct in 78.8% with jaundice and in 83.3% 
without jaundice. Computerized tomography (CT) pro- 
vided correct findings in 79.3% with jaundice and in 72.0% 
without jaundice. The preoperative results of laboratory 
tests are shown in Table 12. A glucose tolerance test 
showed an abnormal value in 48 of 79 patients of 60.8%. 
The positive results of elastase I, ferritin, and carcinoem- 
bryonic antigen (CEA) were 57.1%, 50.0%, and 22.0%, 
respectively. The overall positive rate of laboratory 
tests in 106 patients with small cancer of the pancreas 
was 71.7%. 


Discussion 


To discuss the treatment and diagnosis of pancreatic 
cancer, it is most desirable to examine a large number of 
resectable cases that were at an early stage. However, there 
are limitations to obtaining cases in each institution. To 
overcome these limitations, a collective study” should be 
useful. 


TABLE 11. Sensitivity of Diagnostic Procedures 





With Jaundice 








No Jaundice 








N A D Sensitivity N A D Sensitivity 
PTC 0 15 34 100% 0 li 9 100% 
ERCP 2 10 22 94.1% 0 17 19 100% 
US 7 18 8 78.8% 5 21 4 83.3% 
CT 6 13 10 79.3% 7 13 5 72.0% 
SCAG 20 4 12 44.4% 21 9 7 43.2% 
Total 2 12 40 96.3% 3 19 30 94.2% 





N = Number of examinations that were normal. 
A = Number of examinations that were abnormal but nonspecific. 


D = Number of examinations that were diagnostic of pancreatic cancer. 


4 


+ 


4 


y 


Af 


Vol. 203 » No. I 


TABLE 12. Results of Laboratory Tests 








With No 
Jaundice Jaundice 
Number z Percentage 
Tested N A N A of A 

Glucose tolerance 

test 79 16 25 18 23 60.8% 
Elastase-1 14 3 3 3 5 57.1% 
Ferritin 14 4 3 3 4 50.0% 
CEA 59 19 9 27 4 22.0% 
P-S test* 20 3 4 8 5 45.0% 
PFD testt 27 8 7 7 5 44.4% 
Amylase 93 31 15 28 19 36.6% 
Total 106 14 40 16 36 71.7% 

N = normal. 

= abnormal. 


: P-S test = Pancreozymin secretin test. 
+ PFD = Pancreatic function diagnostant. 


We collected 106 cases with small carcinoma of the 
pancreas and analyzed them according to the General 
Rules for Surgical and Pathological Studies on Cancer of 
the Pancreas by the Japanese Pancreatic Society.! As a 
result, it was shown that carcinoma of the pancreas, which 
is one of the worst in terms of curability and prognosis, 
has high resectability, low morbidity, and good prognosis 
when at an early stage. However, the facts that only 44% 
of the patients belonged to Stage I, and 14% belonged to 
Stage III or IV because of lymph node metastases (30%), 
eapsular invasion (20%), or retroperitoneal invasion 
(12%), and that 13 (28.8%) of 45 Stage I patients died after 
operation of tumor recurrence, suggest that the small car- 
cinoma of the pancreas is not always an early carcinoma. 
Thus, the operation that is sufficient to adequately remove 
regional lymph nodes and soft tissue adjacent to the pan- 
creas should be chosen. l 

Regarding diagnosis, the results that 99 cases (93.4%) 
with small pancreatic cancer consulted a doctor with some 
symptoms and that their suffering periods were 3.4 months 
on the average are of importance. These suggest that pa- 
tients with continuing vague symptoms should undergo 
further examinations for detecting the cancer within 3 
months from the onset of symptoms. 

The most useful diagnostic clues for small pancreatic 
cancer were PTC in cases with jaundice and ERCP in 
those without jaundice. 
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TABLE 13. Stage and CA 19-9 in Patients with Carcinoma 
of the Pancreas 


Stage (no.) CA 19-9 > 7 unit/ml 
I (0) 
I (2) 2 (100%) 
Id (5) 3 (60%) 
IV (24) 19 (79%) 
Total 31) 


24 (77%) 


With respect to laboratory tests, individual test sensi- 
tivity was not so high and overall sensitivity was only 72% 
(Table 12). 

Among the laboratory tests, the diagnostic clue was 
merely the increase of amylase activity, and that was ob- 
served in only three of 106 cases with small pancreatic 
cancer. These results indicate that there is presently no 
single specific tumor marker as a screening test sufficient 
for small pancreatic cancer. 

Recently, the monoclonal antibody CA19-9 was pre- 
pared by Koprowski et al.? and was found to be useful in 
the diagnosis of pancreatic cancer by Del Villano et al.* 
We obtained the same results (Table 13), but this marker 
has a limited role in early diagnosis. 

AS mentioned above, most of the cases with small pan- 
creatic cancer in this report had some symptoms and were 
fortunately diagnosed by consequent imaging techniques. 
Namely, it can be said that the cases were fortunate enough 
to be detected at an early stage. | 

It is unfortunately the present situation that most pa- 
tients with small pancreatic cancer are asymptomatic and 
show no abnormal findings in examinations. Therefore, — 
further investigations and efforts in detecting early pan- 
creatic cancer should be required. l 
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Emergency revascularization procedures for patients with acute 
stroke are controversial. Thirty-four patients with acute internal 
carotid artery occlusion documented at the time of emergency 
endarterectomy were analyzed. Before operation, all these pa- 
tients had profound neurological deficits including hemiplegia 
and aphasia. There was a 94% success rate in restoring patency. 
In follow-up, nine patients (26.5%) had a normal neurological 
exam, four (11.8%) had a minimal deficit, 10 (29.4%) had a 
moderate hemiparesis, which was improved over their preop- 
erative deficit, 4 (11.8%) remained hemiplegic, and seven (20.6%) 
died. The natural history of patients with acute carotid occlusion 
and profound neurological deficits is dismal. In comparison, 13 
patients (38%) made a dramatic recovery. The surgical mortality 
rate compares favorably with the natural history. Good collateral 
flow was a good prognostic factor, while a simultaneous middle 
cerebral artery embolus was associated with a poorer prognosis. 
An emergency carotid endarterectomy may be indicated in se- 
lected patients with acute internal carotid artery occlusion with 
profound neurological deficits. Full preoperative angiography 
may identify those patients who would benefit from surgical in- 
tervention and reduce the operative mortality rate. 


MERGENCY CAROTID ENDARTERECTOMY to re- 
store flow in patients with acute occlusion pro- 
ducing profound ischemic neurological deficits 

has generally been considered contraindicated. The lack 
of proven benefit, the proposed high incidence of second- 
ary hemorrhage, and the high perioperative mortality are 
the basis for this opinion.'~'? A few authors suggest that 
if the operation is to be contemplated, flow must be re- 
stored within | hour from the onset of the ictus.?!3-! 
However, the natural history of patients with acute ca- 
rotid occlusion and severe ischemic deficits is grave.'® Re- 
view of the neurological literature demonstrates that 2- 
12% will make a good recovery, 40-69% will be disabled 
by severe neurological handicaps, and 16-55% will die 
from infarction.'’-** There is now good experimental ev- 
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idence supporting the concept of a critical period of re- 
versible ischemia in which compromised neurons may be 
salvaged.**° The brain’s tolerance to oligemia appears 
to be a function of both the severity and the duration of 
ischemia. Therefore, the extent of collateral flow following 
an acute carotid occlusion may provide the opportunity 
for reversal of the ischemic process if blood flow can be 
restored. In a recent report,” we analyzed 20 cases of 
emergency middle cerebral artery embolectomy per- 
formed for acute profound neurological deficits. In that 
study, a significant number of patients, seven (35%), made 
a dramatic recovery after restoration of flow, supporting 
the concept of reversible ischemic neuronal damage. This 
prompted us to investigate our surgical results in patients 
with acute carotid occlusion and profound neurological 
deficits who were treated aggressively with an emergency 
endarterectomy to restore flow. Furthermore, it is of im- 
portance to examine the information provided by clinical 
experience regarding the experimental concepts of toler- 
ated periods of vessel occlusion and reversible cerebral 
ischemia. 


Methods 
Case Material 


From January 1973 to November 1984, 2036 carotid 
endarterectomies were performed by the neurovascular 
surgical services at the Mayo Clinic. Out of these, 34 cases 
were emergency endarterectomies for acute occlusion with 
profound neurological deficits. Thirty-one were stable def- 
icits and three were progressing deficits. There were 20 


< 


Vol, 203 + No. } 


males and 14 females with an average age of 68. Thirty- 
three patients were already hospitalized for the evaluation 
of cerebrovascular insufficiency, and one patient was first 
evaluated in the Emergency Room. In 20 patients, there 
was occlusion of a known high-grade internal carotid ar- 
tery stenosis: 10 of these patients were off heparin awaiting 
elective endarterectomy, eight were on therapeutic levels 
of heparin, one had a documented heparin induced hy- 
percoagulopathy, and one had polycythemia vera. In nine 
patients, occlusion occurred within | hour of cerebral an- 
giography, eight of these being performed by the direct 
carotid puncture technique. In five patients, the acute 
neurological deterioration was due to postendarterectomy 
occlusion of the internal carotid artery. Fifteen patients 
had preoperative angiography to confirm occlusion, while, 
in the other 19 patients, the diagnosis of acute carotid 
occlusion was made on the basis of history and clinical 
findings (loss of bruit and a decrease in retinal artery pres- 
sure). The average follow-up was 5.4 years (range: 1-10 
years). 


Definitions 


A. Profound ischemia. The acute onset of severe hemi- 
spheric neurological deficits including aphasia, hemiple- 
gia, often altered sensorium, and conjugate deviation of 
the eyes. The ictus was attributed to an acute carotid oc- 
clusion, usually of a previously angiographically docu- 
mented or clinically suspected internal carotid artery ste- 
nosis. One patient included in this group had acute severe 
loss of amplitude on electroencephalogram during the 
opening of an elective endarterectomy and was found to 
have an acute carotid occlusion after exposure. 

` B. Progressive ischemia. The patients in this group had 

the acute onset of ischemic symptomatology, which pro- 
_ gressed to complete hemiplegia within 2 hours. The 
“~ symptoms were progressive and nonfluctuating. 

C. Carotid occlusion. All cases had intraoperative doc- 
umentation of the acute occlusion with fresh thrombus 
causing obliteration of the lumen. There were no observed 
intimal dissections. Several cases had zero flow on the 
baseline intraoperative xenon’? cerebral blood flow study, 
although this was not routinely done on an emergency 
basis. 

D. Postoperative outcome. Excellent—defined as an 
entirely normal neurological examination without residual 
deficits. Good—defined as a minor deficit on examination; 
i.e., minimal monoparesis, a decrease in fine finger move- 
ments, or a slight anomic aphasia. These patients were 
independent and employable. Fair—defined as a mod- 
erate hemiparesis or aphasia. This deficit was better than 
their preoperative deficit. These patients were indepen- 
dent. Poor—defined as a marked residual deficit making 
this individual incapable of independent living. 
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Surgical Technique 


The surgical technique has been fully described else- 
where.”®”? In these cases, 33 had placement of a shunt 
after the thromboendarterectomy. When possible, intra- 
operative electroencephalogram and xenon’? cerebral 
blood flow studies were used, although the emergency na- 
ture of these cases precluded their use in most situations. 

Intraoperative angiography was performed at the sur- 
geon’s discretion for two reasons: poor backflow following 
thromboendarterectomy or to document vessel patency. 
Out of the 14 intraoperative angiograms performed, six 
were positive for a middle cerebral artery embolus, five 
of whom had an emergency embolectomy after comple- 
tion of the endarterectomy. 

The Fogarty catheter, either #3 or #4, was utilized to 
enhance thrombus removal in 10 cases. In one additional 
case, a distal internal carotid artery dissection secondary 
to the use of this catheter may have been the cause of an 
unsuccessful operation. Three out of the nine documented 
cases of a middle cerebral artery embolus occurred in pa- 
tients in whom the Fogarty catheter was utilized. 

In 33 patients, the arteriotomy was repaired with a 
saphenous vein patch graft. 


Illustrative Case 


The patient was a left-handed, 67-year-old woman with a history of 
left hemispheric transient ischemic attacks (TIAs) in the 3 months prior 
to admission on 3/22/82. Her episodes consisted of right arm and facial 
weakness and expressive aphasia occurring in an upright position lasting 
2-3 minutes. In the week prior to admission, she had experienced four 
TIAs. Her admission neurological exam was remarkable for venous stasis 
retinopathy O.U., bilateral carotid bruits L > R. and bilateral decreased 
retinal artery pressures L > R. Significant risk factors included hyper- 
tension, obesity, and a 20 pack/year smoking history. After a normal 
uncontrasted CT scan, she was administered intravenous heparin with 
a PTT of 70. On 3/23/84 at 4:30 A.M., she had the acute onset of a 
flaccid hemiplegia involving her face, arm, and leg and a dense aphasia. 
She was unable to follow 1 step commands. This episode was more 
severe than her typical TIA, did not resolve, and was associated with a 
loss of her previously noted left carotid bruit. The patient underwent an 
emergency transfemoral cerebral angiogram (Fig. | left), which dem- 
onstrated occlusion of the left internal carotid artery and a 95% stenosis 
of the right internal carotid artery. The left internal carotid had recon- 
stitution of its intracavernous portion through the ipsilateral ophthalmic 
artery with filling of the ipsilateral middle cerebral artery. There was also 
embolic occlusion of a posterior parietal branch of the middle cerebral 
artery. Since her neurological status was unchanged 3 hours after the 
onset of the ictus, she underwent a simultaneous endarterectomy and 
embolectomy. The time between the onset of ischemic symptoms and 
successful restoration of flow through both the internal carotid and middle 
cerebral arteries was 8/2 hours. Six hours after operation, she began to 
demonstrate voluntary movements of both her arm and leg, followed 2 
step commands, and had partial reversal of her aphasia. Postoperative 
angiography (Fig. | right) demonstrated full restoration of flow. Seven 
months after surgery, her neurological examination showed no motor 
weakness, a mild anomic aphasia, and decreased stereogenesis of her 
right hand. A repeat angiogram at that time demonstrated an asymp- 
tomatic occlusion of the right internal carotid artery despite Coumadin® 
therapy. Currently, she is an active housewife and mother. 
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Fic. 1. Lefi. Internal carotid artery occlusion (black arrow). There is reconstitution of the intracavernous carotid through the ophthalmic artery 
(curved arrow) with filling of the middle cerebral artery complex except for posterior parietal branch (white arrow). Right. Full restoration of flow 
through both the internal carotid artery (large arrow) and through the middle cerebral artery complex (small black arrow). 


Results 


Table I lists the follow-up neurological examinations 
in these 34 cases. Nine patients (26.5%) returned to nor- 
mal, four (11.8%) made a good recovery, 10 (29.4%) made 
a fair recovery, four (11.8%) had a poor result, and seven 
(20.6%) died. Therefore, 13 patients (38.3%) did extremely 
well, considering their profound preoperative neurological 
deficits, and a total of 23 patients (67.6%) improved after 
operation. Table 2 lists the outcome as related to the etiol- 
ogy of occlusion. 

Thirty-two patients (94%) had a technically successful 
operation in which flow was restored. In the two cases in 
which flow could not be restored, death due to cerebral 
infarction occurred. One patient developed the syndrome 


TABLE 1. Follow-up Neurological Examinations 








of postoperative cerebral hyperemia with a postocclusion 
xenon!” cerebral blood flow of 120 cc/minute, over two 
times the normal flow. This patient was initially worse 
with cerebral edema and paroxysmal lateralizing epilep- 
tiform discharges (PLEDS). However, both resolved to 
give a long-term good result. 

Out of the seven deaths, two were hemorrhagic infarc- 
tions, the time for flow restoration being 4'2 hours and 6 
hours. One of these hemorrhages was perhaps influenced 
by the need to have the patient on heparin on postoper- 
ative day #3 for multiple pulmonary emboli and brachial 
thrombosis. 

Figure 2 compares the outcome in terms of the duration 
of internal carotid artery occlusion. There appears to be 
no good correlation between time of oligemia and out- 


TABLE 2. Outcome 











Outcome 
Preoperative ~ 
Deficits Normal Good Fair Poor Dead Normal Good Fair Poor Dead 
Progressive 2 1 Occlusion of a 
Severe 7 4 9 4 a carotid stenosis 5 3 8 0 4 
T EEN ga SAG are (008% Postangiographic 
otal 7 È {26.5%} 4 il. 8%) 10 (29.4%) (i 1.8%) (20.6%) occlusion 2 0 2 3 2 
Postendarterectomy 
ee y agic i >ti 3: infarctions Hw ve . - 
Causes of death: hemorrhagic infarctions, 2; infarctions, 4 (two unsuccessful occlusion 2 l 0 i 1 


operations); pulmonary embolus, 1. 
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Fic. 2. Neurological outcome as a function of duration of carotid oc- 
clusion (onset of ictus to time of flow restoration via arterial repair or 
placement of shunt). Time of no flow through the internal carotid artery 
was not a good predictor of outcome. 


come. Furthermore, many operations were performed af- 
ter 6 hours without producing a hemorrhagic infarction. 
Figure 3 demonstrates the poorer prognosis in nine pa- 
tients with a documented middle cerebral artery embolus 
in association with the carotid occlusion. A simultaneous 
embolectomy did not improve the overall outcome. The 
one patient with an embolus who made a good recovery 
had occlusion of just the posterior parietal branch and 
not the main trunk of the middle cerebral artery. Of the 
14 cases in Which intraoperative angiography was per- 
formed, emboli were demonstrated in six, five of whom 
underwent an emergency embolectomy. In two patients, 
emboli were inferred by the CT finding of multiple infarcts 
within the anterior circulation, while in one patient the 
diagnosis of embolus was made by history alone. This 
patient had acute occlusion during the opening of a rou- 
tine elective endarterectomy manifested by severe elec- 
~~ _ troencephalographic changes. Although the time between 
E if utes, this patient only made a fair recovery. 
Figure 4 correlates the outcome in terms of collateral 
flow as ascertained from the preoperative angiograms. In 
29 patients, there was sufficient preoperative angiographic 
data to determine if there was good collateral flow during 
the occlusion, while in five patients unilateral carotid an- 
giography made this impossible. Support for good collat- 
eral consisted of the following: angiographic evidence of 
collateral to the ipsilateral middle cerebral artery through 
the ipsilateral external carotid-ophthalmic route, through 
the contralateral anterior cerebral-anterior communicat- 
ing route, or through the ipsilateral posterior communi- 
cating artery. In the five cases of occlusion of an elective 
endarterectomy, intraoperative xenon'*? cerebral blood 
“x flows and electroencephalography were used to monitor 
the initial surgery. During these elective cases, an occlusion 
cerebral blood flow was done prior to the arteriotomy to 


EEG changes and placement of a shunt was just 25 min- ' 
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Fic. 3. Neurological outcome as a function of an associated middle ce- 
rebral artery embolus. Patients with both a carotid occlusion and middle 
cerebral artery embolus had a poorer prognosis, The one patient who 
made a good recovery had an occlusion of a parietal branch and under- 
went an embolectomy (see illustrative case). In the other five patients 
who underwent an embolectomy, there was occlusion of the proximal 
middle cerebral artery. These patients either died from severe infarction 
or hemorrhage or did poorly. 


determine ifa shunt would be required during the elective 
endarterectomy. These occlusion cerebral blood flow 
studies would therefore closely approximate the expected 
blood flow at the time of occlusion during the emergency 
endarterectomy. In these five cases, the cerebral blood 
flow studies confirmed the assessment of either good or 
poor collateral flow on preoperative angiograms.”*? Al- 
though the surgeon routinely noted carotid backflow after 
the emergency thromboendarterectomy, this was not used 
in the classification except when the observation of either 
good or poor backflow collaborated with the angiographic 
criteria. 

Figure 4 demonstrates that there was a good correlation 
between outcome and collateral flow. With good collateral 
flow there was a better surgical result, while with poor 
collateral flow the prognosis was poor. In the two patients 


Good collateral 
@ Poor collateral 


patients i 





Outcome 


Fic. 4. Neurological outcome as a function of collateral flow as judged 
by preoperative angiograms. Collateral flow was associated with a good 
prognosis, while patients with poor collateral had a poor prognosis. 


86 MEYER AND OTHERS 


with good collateral in the poor and death outcome 
groups, one was associated with an embolus and one with 
an intracerebral hemorrhage. 


Discussion 
Surgical Literature 


Wylie et al. in 1964,' presented nine cases of patients 
with recent strokes who underwent a carotid endarter- 
ectomy, out of which five had subsequent intracerebral 
hemorrhage. It is imperative to note that these patients 
were operated on 3 to 9 days after the ictus. Hunter in 
1965? reviewed 26 patients with either carotid stenosis or 
occlusion. In the four patients with carotid occlusions, 
three had a poor surgical outcome. The Joint Extracranial 
Arterial Occlusive Disease Study Part IV? reviewed 50 
cases of patients with an acute carotid occlusion with 
neurological deficits. Although the postoperative mortality 
rate was 42%, the time between occlusion and operation 
ranged from 0-13 days. 

Thompson in 1967* discussed 71 patients with frank 
stroke, out of which 34 were described as profound. There 
were six (17.6%) surgical deaths. In 1970,° he further an- 
alyzed 75 cases defining “frank stroke” as a neurological 
deficit that was either stable, improving, or worsening. 
The time between onset of stroke and operation was not 
well specified. After operation, 15 (20%) were normal, 33 
(40%) were improved, 17 (27.7%) were unchanged, and 
five (6.7%) were worse. He concluded that it was rare for 
a patient with a profound deficit to improve and that there 
was an unacceptably high surgical mortality rate with this 
group. 

Najafi et al. in 1971,'? analyzed 32 patients undergoing 
emergency surgery for acute neurological deficits: 10 pa- 
tients had carotid stenosis, 15 patients had postangio- 
graphic carotid occlusion, and seven had postendarter- 
ectomy occlusion. In the postangiographic group, eight 
(53%) improved, three (20%) were unchanged, four (27%) 
did poorly, and one (6%) died. In the postendarterectomy 
group, three (43%) improved, two (28%) were “un- 
changed”, two (28%) did poorly, and two (28%) died. Since 
a better prognosis was associated with a short occlusion 
time, they concluded that restoration of flow must be ac- 
complished within | hour for a successful outcome. 

In their review of carotid endarterectomy, Ojemman 
et al.° discussed 21 cases of acute carotid occlusion in 
patients with either TIAs or stroke in evolution. Fifteen 
patients had a technically successful operation, out of 
which eight (53%) had marked improvement, four (27%) 
improved, two (13%) were unchanged, and one (6.5%) 
died. The six patients with a technically unsuccessful op- 
eration did worse, with only one showing improvement. 
They concluded that patients with a sudden profound 
deficit, especially if there was an altered sensorium, should 
not be operated on. 
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Kwaan et al. in 1979,'4 reported on three patients with 
acute occlusion after an elective endarterectomy. With 
successful restoration of flow, two had complete resolution 
and one partial reversal of their neurological deficits. The 
time between occlusion and flow restoration was 20-45 


minutes in these cases. They also discussed six additional 4 


cases in which restoration of flow was delayed for longer 
than 3 hours because of angiography. In these cases, two 
died and four remained hemiplegic. Therefore, they con- 
cluded that the operation must be performed within 1 
hour and recommended no angiogram for the purpose of 
saving time. 

Hafner et al. in 1981,’ reported on three patients with 
acute stroke, all of whom improved after emergency end- 
arterectomy to restore flow. However, they recommended 
that no patient should be operated on after 2 hours or if 
they had an altered consciousness. DeWeese in 1982!! 
reported on 19 patients with progressive strokes secondary 
to either carotid stenosis or occlusion treated with an 
emergency endarterectomy. Nine (47%) patients were 
worse and eight (37%) died after operation. He therefore 
recommended that no patient with profound deficits 


should be considered a surgical candidate. Finally, Don- * 


aldson et al.'> recently reported on six patients with carotid 
occlusion, three of whom presented with TIAs and three 
with hemiparesis. In the latter group, two improved and 
one was unchanged in follow-up. 

There is general agreement that patients with fluctuating 
deficits due to acute carotid occlusion are good candidates 
for an emergency endarterectomy. Papers by Goldstone 
and Moore,” and Mentzer et al.,*! are examples of the 
improvement in patients with fluctuating deficits as com- 
pared to the natural history. Furthermore, the ability to 
re-establish flow if the endarterectomy is performed early 
after occlusion* is well documented. 

Therefore, review of the literature yields controversial 
views on the benefits of surgery, partially due to the lac 
of a well-defined preoperative neurological status, the 
documentation of occlusion versus stenosis, and the tim- 
ing of surgery. 


Natural History 


The natural history of patients with acute carotid oc- 
clusion with profound neurological deficits is poorly de- 
fined in most studies because of the lack of angiographic 
documentation of carotid occlusion or a short follow-up. 
In 1961, McDowell!’ reviewed 40 patients with angio- 
graphic or autopsy proven internal carotid artery occlu- 
sion. Twenty-two presented with severe neurological def- 
icits, out of which one made a good recovery, nine (41%) 


were permanently disabled, and 12 (55%) died from the p 


ischemic insult. The follow-up in this study was 2 years. 
Millikan in 1973,'* reported on 204 cases of stroke in 
evolution of the carotid system. However, the diagnosis 
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was made by history and examination without angio- 
graphic documentation, and the follow-up was only 2 
weeks. He noted that 12% were normal, 5% were mono- 
paretic, 69% were hemiparetic, and 14% died. In 1976, 
Jones and Millikan’? reported on 179 patients with carotid 
territory infarctions by examination and history but again 
without angiographic documentation. They found,that if 
the patient was hemiplegic with an altered consciousness, 
18 out of 44 (41%) died, but if there was normal con- 
sciousness, the mortality was only 2%. They also noted 
that if hemiplegia developed within 3 hours and persisted 
for 36 hours, there was a 90% chance of a permanent 
incapacitating motor deficit. 

Griro and Patterson” reported on 44 patients with an- 
giographic documented acute carotid occlusion, out of 
which seven (16%) died in the first 2 weeks secondary to 
infarction. However, in this group, 15 patients presented 
with TIAs, 23 with a completed stroke, and three with 
stroke in evolution. 

Oxbury et al.?) reported on 93 patients with carotid 
territory infarction without angiographic confirmation of 
occlusion. Fifteen patients (16%) died in the first 3 weeks 
secondary to infarction. 

Norrving et al.” reported on 59 patients with acute 
carotid occlusion, 54 angiographically documented and 
five by autopsy. Nine patients (16.6%) died in the acute 
stage. Unfortunately, there was no information as to the 
outcome of the survivors. 

Therefore, if we collate the above reports recognizing 
their deficiencies, 2-12% make a good recovery, 40-69% 
have a profound deficit, and 16-55% will be dead in fol- 
low-up. In our surgical results, 26.5% were normal, and 
11.8% made a good recovery with minimal deficits. 
Therefore, 13 patients (38%) did remarkably well and bet- 
ter than what the reported natural history would have 


à predicted. A mortality rate of 20.6% compares favorably 


pwith the natural history. Therefore, it appears that an 
". {emergency endarterectomy for acute occlusion may sal- 
~vage some patients without increasing the overall mor- 
tality rate. Since collateral flow on the preoperative an- 
giogram was a good prognostic factor, while an associated 
middle cerebral artery embolus was a poor prognostic fac- 
tor, full preoperative angiography may enhance the sur- 
gical success rate while decreasing operative mortality by 
preoperative identification of these factors. 


Experimental Correlations 


The physiological and functional integrity of neurons 
is dependent on the delivery of substrates for energy me- 
tabolism. The net result in oligemia is equivalent to the 
severity and duration of reduced flow divided by tissue 


` vulnerability.2” These three factors, namely, occlusion ` 


time, reduction of flow, and tissue vulnerability, have all 
been evaluated experimentally. 
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Multiple studies by many researchers including 
Sundt,?*334 Crowell,?> Watanabe," Dujovny,?® and 
Morawetz*? using various animal models have demon- 
strated a permissible period of temporary occlusion of the 
middle cerebral artery in the production of focal ischemia. 
This range extends from 2 hours to 7 hours, depending 
on the animal model used, in which temporary occlusion 
will be tolerated without infarction. Furthermore, most 
of these studies suggest that restoration of flow after the 
tolerated time of occlusion increases the likelihood of 
hemorrhagic infarction presumably due to increased per- 
meability secondary to ischemic damage to the endothe- 
lium. Clinically, 6 hours has been traditionally proposed 
as the time of permissible middle cerebral artery occlusion 
in humans after which infarction is likely to occur. As 
noted in the introduction, several authors have stated that 
if an endarterectomy is to be considered it must be per- 
formed within 1 hour. Although most experimental stud- 
ies with middle cerebral artery occlusion are models of 
focal ischemia, the basic element of time of no flow or 
reduced flow is the same. However, as demonstrated in 
Figure 2, the time of no flow through the internal carotid 
was not a good prognostic factor. Furthermore, many of 
the operations were done after 4—6 hours without pro- 
ducing a hemorrhagic infarction. Therefore, time of no 
flow is a less important factor in the criteria for surgical 
selection. , 

The second element is the level of reduced flow that 
can be tolerated. Analysis of.human and experimental 


models suggests that there are two thresholds of cerebral 


ischemia—-the thresholds of electrical failure and mem- 
brane failure. Normal cerebral blood flow is approxi- 
mately 50 ml/100 g/min.“ Sundt*®*! and Trojanborg*? 
demonstrated in man a change in the electroencephalo- 
gram if total cerebral blood flow fell below 16 to 18 ml/ 
100 g/min. Branston et al.*? further showed in the baboon 
a change in evoked somatosensory potentials if flow fell 
below 15 ml/100 g/min. This range of flow from 18 ml/ 
100 g/min to 15 ml/100 g/min has been termed the flow 
threshold of electrical failure and appears to be relatively 
uniform in various animal models.“ The second threshold 
of membrane failure or pump failure occurs at about 10 
ml/100 g/min, which experimentally is demonstrated by 
an increase in extracellular potassium secondary to a lack 
of ATP for the Na*-K* pump.*>*’ Other metabolic ab- 
normalities also occur, including an increase in intracel- 
lular calcium,” the liberation of free fatty acids,” and a 
profound intracellular acidosis.” The assumption is that 
membrane failure is irreversible cell damage. Between the 
threshold of electrical failure and membrane failure exists 
a potential zane of reversible cell damage—the “ischemic 
penumbra.” Our surgical results support the concept of 
an ischemic penumbra. Since all these patients had severe 
neurological deficits, they were presumably below the 
threshold of electrical failure. However, 13 patients 38%) 
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made a remarkable recovery implying that what flow ex- 
isted after the carotid occlusion maintained neurons above 
the threshold of membrane failure. This best explains why 
collateral flow was an important prognostic factor. Pre- 
sumably, collateral flow maintained a percentage of neu- 
rons within the ischemic penumbra, thereby enhancing 
the salvaging effects of an emergency carotid endarter- 
ectomy. In addition, this also explains the poorer results 
when there was an associated middle cerebral artery em- 
bolus, since an embolus would significantly decrease po- 
tential collateral flow. This confirms our previous report 
in which an associated ipsilateral carotid occlusion with 
a middle cerebral artery embolus was a poor prognostic 
factor despite simultaneous embolectomy and endarter- 
ectomy.”4 


Analysis of Results 


Although most authors have argued against an emer- 
gency carotid endarterectomy for acute occlusion with 
severe neurological deficits, we would suggest that in se- 
lected patients it may be a viable alternative treatment. 
In this series, nine patients (26.5%) made an excellent 
recovery and four patients (11.8%) had a very good result. 
Therefore, 13 patients (38.3%) had a dramatic improve- 
ment from their preoperative deficits. The 10 (29.4%) pa- 
tients in the fair group are probably a better reflection of 
the natural history in which, after the infarct, there is a 
partial reversal of the neurological deficit. Our mortality 
rate of 20.6% approximates the expected mortality without 
surgical intervention. 

The two most important prognostic factors were the 
absence of an associated middle cerebral artery embolus 
and the presence of demonstrated collateral flow. If the 
preoperative identification of these factors could be im- 
proved, then perhaps the surgical success rate could be 
enhanced while decreasing the operative mortality. An 
embolus would be a relative contraindication to surgery, 
whereas good collateral flow would be an encouragement. 
Therefore, we would recommend, if possible, complete 
angiography prior to surgical intervention and accept both 
the inherent 1-2 hour time delay and the risks of angiog- 
raphy in the setting of cerebral ischemia. The patients 
with occlusion after an elective endarterectomy may be 
a subgroup in which exploration should be considered 
early if occlusion is clinically suspected. Furthermore, 
these results emphasize that angiographic opacification of 
intracranial vessels cannot be equated with the exact level 
of cerebral blood flow. 

In nine patients (26.5%), there was a documented mid- 
dle cerebral artery embolus. Presumably the emboli orig- 
inated from the carotid artery. Whether this was a primary 
event or secondary to surgical or angiographic manipu- 
lation is unknown. However, because of the apparent 
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thrombogenicity of the occluded carotid artery, great care 
must be exercised during the surgical procedure. 
Although time was not a good prognostic factor, we 
would not recommend operating after a prolonged delay, 
as the net result must be a reflection of the time of reduced 


flow. Our inability to show a good correlation between w 


outcome and time of occlusion reflects the complexity of 
factors involved in cerebral ischemia and infarction. 
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Eighty-six consecutive patients in 1982 underwent 99 endarter- 
ectomies and routine postoperative digital subtraction angiog- 
raphy. Ten vessels were closed primarily and 89 with a patch 
graft. Minor morbidity was 2%, major morbidity 0%, and mor- 
tality 1%, but these varied according to the patient’s preoperative 
medical and neurological function and angiographic findings. 
Postoperative patency for the common carotid artery (CCA) and 
internal carotid artery (ICA) was 100% and for the external ca- 
rotid artery (ECA) 97%. Seventy-nine vessels were evaluated by 
a DSA 2 years after surgery. There was one asymptomatic oc- 
clusion in follow-up and one symptomatic re-stenosis in a patient 
with a proven heparin induced hypercoagulability state. The three 
postoperative ECA occlusions were associated with a lethal 
postoperative stroke, the only ICA occlusion in follow-up, and 
a 50% stenosis of the CCA in follow-up at the site of ECA oc- 
clusion. Vein patch grafting protected the ICA but not the CCA 
from recurrent stenosis. The carotid slim sign on preoperative 
angiograms is judged to indicate a patient at high risk of stroke 
morbidity. 


ECENTLY, there has been an appropriate increase 
in interest concerning the recurrence of carotid 
stenosis following endarterectomy. Some of 

these reports have been directed toward the frequency of 
symptomatic recurrence, while others have been based 
on evidence of re-stenosis from noninvasive testing. Two 
reports of large series have suggested that symptomatic 
recurrence is in the order of 1 to 2%.67 However, an ac- 
tuarial analysis of 151 consecutive patients undergoing 
carotid endarterectomy for focal cerebral symptoms by 
Whisnant et al.® revealed a 2% stroke rate per year, with 
two-thirds occurring ipsilateral to the side of endarterec- 
tomy; and DeWeese,’ after studying carefully major re- 
ports of long-term follow-up,'°-'® concluded that 10% of 
patients develop recurrent symptoms if followed for a suf- 
ficient period of time. Furthermore, noninvasive testing 
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has suggested that recurrent carotid stenosis greater than 
50% or occlusion occurs in 10-50% of patients undergoing 
a carotid endarterectomy.**'”-”° In most of the studies 
to date, cases were not consecutive and either the vessel 
was closed primarily or no information was given regard- 
ing the type of arterial closure. 

There have been no reports in which a well-defined 
series of consecutive patients has been routinely re-ex- 
amined angiographically in follow-up to determine the 
vascular durability of the operation. This is the subject of 
our report. 


Methods and Case Material 
Design of Study 


From January 1982 through December of 1982, all pa- 
tients undergoing a carotid endarterectomy on one of our 
neurovascular surgical services underwent postoperative 
digital subtraction angiography (DSA). When possible, 
these 86 patients (73 unilateral endarterectomies and 13 
bilateral endarterectomies) were re-examined by DSA in 
1984 at a point approximating two calendar years from 
the date of surgery and the angiograms compared and 
correlated with the patient’s neurological function. Two 
patients were lost and six died in follow-up. The rate of 
vessel follow-up by DSA in living patients was 86% and 
the rate of clinical follow-up was 98%. 


Preoperative Evaluation 


All patients had detailed neurological examinations 
prior to surgery and were categorized accordi ng to criteria 
previously established for the identification or assessment 
of risk factors for patients with primary (/.e., nonrecurrent) 
atherosclerotic stenosis.2! Four risk groups are used: 
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Group I are those patients under age 70 physiologically 
with no medical or neurologically determined risks; Group 
II are those patients who are found to have.an angio- 
graphically determined risk factor such as a high carotid 
bifurcation, long plaque, coexisting siphon stenosis, ca- 


à rotid slim sign, or opposite carotid artery occlusion; Group 


II are individuals in whom the overriding consideration 
is the coexistence of a major medical risk such as severe 
coronary artery disease or chronic obstructive pulmonary 
disease, regardless of angiographic findings; and Group 
IV are those patients with and without medical risks who 
are considered neurologically unstable because of cres- 
cendo transient ischemic attacks, symptoms of both focal 
and general cerebral ischemia, or a recent infarct from 
which the patient has recovered with new superimposed 
ischemic events. 

Recurrent stenosis is not included in this grading system 
since the technical aspects of the’ surgical procedure are 


quite different from those for primary stenosis as is the ` 


underlying pathology. Two patients underwent surgery 
for recurrent stenosis, one of whom had undergone initial 
surgery elsewhere and the other here 7 years previously. 
In the 97 operative procedures for primary stenosis the 

patients were classified as follows: Grade I (39), Grade II 
(23), Grade (14), and Grade IV (21). There were 27 
operations for severe asymptomatic stenosis, among which 
seven had an opposite carotid occlusion and eight followed 
a contralateral endarterectomy. Seventy-two operations 
were performed for symptomatic stenosis including: 
amaurosis fugax (24), TIAs (17), small infarct (11), pro- 
gressihg stroke or crescendo TIA’s (6), and generalized 
(nonfocal) cerebral ischemia (14). 

: Prior to surgery, all patients underwent conventional 
retrograde femoral angiography with visualization of both 
the intra- and extracranial circulation. 


Surgical Technique 


The CCAs and ICAs were routinely reconstructed with 
a saphenous vein patch graft unless the vessel appeared 
larger than average or the plaque was essentially limited 
to the carotid bulb with minimal extension beyond that 
level into the internal carotid artery. Ten arteries had pri- 
mary closure, 88 had a saphenous vein patch graft, and 
one had a fabric patch graft. . 

The plaque from the ECA was atd by telescopi- 
cally everting the distal portion of the vessel through the 
orifice of the artery and circumferentially working the 
plaque away from the vessel until it broke cleanly from 
the distal vessel wall. If a palpable superficial temporal 
artery pulse was not present following restoration of flow, 
the ECA was temporarily occluded proximally and distally 
and a separate arteriotomy created in the vessel. Ninety 


. ECAs were reconstructed by everting the vessel and ex- 
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HEAD TURNED LEFT FOR RIGHT CAROTID ARTERY 


FIG. 1. Position of patient’s head and neck for DSA examination of right 


carotid artery. 


tracting the plaque in a standard fashion. A separate ar- 
teriotomy was made in the ECA in nine cases in order to 
excise the distal end of the plaque; eight of these arteri- 
otomies were closed primarily and one with a patch graft. 

All operative procedures were monitored with contin- 
uous electroericephalograms (EEGs) and cerebral blood 
flow measuréments. These techniques have been described 
previously.” Forty-one cases required intraoperative 
shunting. 


Postoperative Evaluation 


Following surgery, all patients had a detailed neuro- 
logical examination in the recovery room, and this ex- 
amination was repeated at least once daily in addition to 
less complete, more frequent examinations until the date 
of discharge. Oculoplethysmometric readings (OPGs) were 
recorded the day after surgery. An abnormal OPG on our 
service is considered to be an indication for immediate 
angiography, but the OPG was normal or improved on 
the operated side in all of these cases. Routinely, 1 week 
following surgery the patients underwent a DSA. The ca- 


- rotid arteries were examined in two planes (Figs. 1 and 2). 


Follow-up Evaluation 


The patients were contacted intermittently during the 
period of follow-up and scheduled for a return visit at a 
date approximating 2 years from the date of the operation. 
At this time, a detailed neutological examination was 
completed and a history recorded concerning neurological 
function during the period of follow-up. DSAs were ob- 
tained at the time of follow-up examination. In those pa- 
tients unable to return for a postoperative visit, contact 
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HEAD TURNED RIGHT FOR LEFT CAROTID ARTERY 


FIG. 2. Position of patient’s head and neck for DSA examination of 
patient’s left carotid artery. 


regarding neurological function was assessed through the 
local physician, and arrangements were made for a DSA 
to be completed in the local setting. Copies of these an- 
giograms were then forwarded to us for the patient’s per- 
manent file. 


Terminology 


(1) Transient neurologic dysfunction. A transient 
change in neurological function of less than 24 hours du- 
ration was considered as an episode of transient neuro- 
logical dysfunction. This could include a typical transient 
ischemic attack (TIA), seizure, migraine variant, or epi- 
sode of postural hypotension with global ischemia. 

(2) Reversible ischemic neurologic deficit. Neurological 
dysfunction that persisted for longer than 24 hours but 
was reversible within 3 weeks was characterized as a re- 
versible ischemic neurological deficit (RIND). 

(3) Minor stroke. Any cerebral infarction leading to 
minor neurological dysfunction such as decreased hand 
dexterity that did not prevent that patient functioning in 
his or her previous capacity was considered a minor stroke. 

(4) Major stroke. Any neurological deficit preventing 
the patient from resuming his or her previous level of 
functional activity was considered a major deficit. 

(5) Carotid slim sign. Angiographic appearance of a 
very contracted ICA distal to the point of a very high 
grade stenosis. It results from an exceptionally low intra- 
luminal perfusion pressure that is so low that the artery 
is not fully distended.” These arteries can be considered 
to be physiologically occluded as they are contributing 
very little to effective cerebral blood flow. 
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Angiographic Readings 


All preoperative retrograde femoral angiograms, post- 
operative DSAs and follow-up DSAs were evaluated by a 
neuroradiologist (O.W.H.) without knowledge of the pa- 
tient’s history or follow-up neurological examination. The 
operated and nonoperated sides were compared and no- 
tations made regarding the status of the right and left ver- 
tebral arteries. DSAs were, in general, inadequate for 
analysis of the siphon areas but these areas were included 
in the preoperative analysis of the angiograms. The ipsi- 
lateral carotid siphon was severely stenotic in 14 cases 
and mildly stenotic in 29. The opposite ICA was occluded 
in 14 cases and 16 cases had an ipsilateral carotid slim 
sign. 

The angiographic appearance of the ECA, ICA, and 
the CCA were recorded on a standard format. Information 
regarding each of these three vessels included notations 
regarding various degrees of stenosis, irregularity, ulcer- 
ation, loops, kinks, intimal flaps, aneurysmal dilatations, 
cuffs, occlusions, and stumps. 


Data Analysis 


Pertinent data concerning the patient’s clinical condi- 
tion prior to and following surgery, the operation, pre- 
operative and postoperative angiographic findings, fol- 
lowup neurological function, and follow-up angiography 
were all recorded systematically and then entered in a 
computer bank for analysis and retrieval. 


Results 


There were 97 vessels operated in 84 patients (13 pa- 
tients had bilateral endarterectomies) for primary athero- 
sclerosis and two vessels in two patients for recurrent dis- 
ease. For the purpose of angiographic analysis, the patients 
with bilateral endarterectomies are considered as two sep- 
arate cases so the denominator for this data is 99 rather 
than 86. 


Neurological Complications 


(1) Transient neurological dysfunction. One patient 
with a long history of migraine had a typical migrainous 
event with an aura of positive visual hallucinations the 
night following surgery. The entire event lasted approxi- 
mately 30 minutes and was followed by ispilateral head- 
ache. Another patient had a visual hallucination of wavy 
lines followed by ispilateral headache and contralateral 
tingling in the hand of several minutes duration the night 
following surgery. Both of these patients had crescendo 
transient ischemic events prior to surgery and were op- 
erated as semiemergencies. A carotid slim sign was present 
on the preoperative angiogram in one of these cases. In- 
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Fic. 3. Lefi. Typical normal postoperative DSA of right carotid. Right. Typicat postoperative DSA of left carotid artery. 


tracerebral blood flow measurements tripled in the first 
and doubled in the second of these two patients following 
endarterectomy. Neither of these patients had any further 
transient neurological dysfunction, and each was consid- 
ered to have had a form of migraine variant related to 
cerebral hyperperfusion. 

One 80-year-old patient who had a preoperative hemi- 
paresis and had undergone emergency endarterectomy 
was found to have focal lateralized epileptiform discharges 
during routine postoperative electroencephalography. The 
patient had no symptoms related to these epileptiform 
discharges. She ultimately recovered good neurological 
function. This individual also had a doubling of cerebral 
blood flow after endarterectomy and the epileptiform ac- 
tivity was considered to be a manifestation of hyperper- 
fusion in an area of preoperative ischemia. 

One patient with coexisting severe siphon stenosis had 
a 40-minute period of contralateral paresis 12 hours after 
surgery. This cleared without residual deficit. 

(2) RIND. No patients in the group had a RIND fol- 
lowing surgery. 

(3) Minor stroke. Two patients developed a minor per- 
sistent deficit that was not present prior to surgery. Each 
of these patients had crescendo TIAs prior to surgery. In 
one patient, the deficit ultimately resulted in only a minor 
reduction in the alternate motion rate in the fingers of 
one hand, but the other patient sustained a permanent 
apraxia in the hand. The second of these two patients 
ultimately was proven to have a heparin-induced coagu- 


lopathy witk a circulating heparin antibody and is the 
only patient in the series who had a symptomatic recur- 
rence in follow-up (see below). This second patient had 
an angiographic slim sign on the preoperative angiogram. 

(4) Major stroke. One patient operated for crescendo 
TIAs with an angiographic slim sign had a major post- 
operative stroke in the recovery room. Angiography in 
this patient -evealed widely patent ICAs and CCAs but 
the ECA was occluded with a stump (see below). There 
was evidence on angiography of intracranial embolization, 
and it was assumed that the emboli arose from the stump 
of the ECA or from thrombi coexisting with the slim sign. 
This patient ultimately succumbed to pulmonary em- 
bolism but the underlying cause for the death was ischemic 
stroke. 

In summary, combined morbidity (permanent deficit) 
and mortality for the series according to the number of 
operative procedures was 3%. In this small series, there 
was no moroidity or mortality in patients classified as 
Grade I through HI but the combined morbidity-mortality 
in Grade IV patients was 15%. Neither of the two patients 
with recurrent stenosis had an operative complication. 


Postoperative Angiography 


All patients underwent a DSA following surgery. There 
was 100% pazency of the CCAs and ICAs. Entirely normal 
studies are illustrated in Figure 3. Specific variants from 
the normal were described for the ICAs, CCAs, and ECAs. 
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FiG, 4, Postoperative DSA showing demarcation or notch at distal point 
of vein graft. This type of defect resolved routinely on follow-up an- 
giography. Demarcation point is identified by arrow. 


(1) Internal carotid artery. The operated lumen of the 
ICA was judged to be normal in 49 cases, wider than 
usual in 47, aneurysmal in one, and minimally stenotic 
in two. The stenosis was less than 20% in each of the two 
cases in which this was recorded as a finding. One of these 
two cases was closed primarily and one with a patch graft. 
No identifiable changes were present in the ICA distal to 
the endarterectomy that could be attributed to the use of 
a shunt. One patient with a preoperative physiological 
occlusion and carotid slim sign had an ICA dissection 
distal to the site of endarterectomy that was thought to 
be related to the variation in elasticity between the media 
and intima in this chronically contracted vessel. The pa- 
tient remained asymptomatic, and follow-up angiography 
6 months later revealed resolution of the dissection. 

There was no ledge or cuff at the distal site of endar- 
terectomy in 82 cases, but a small defect was identified 
distally in 17 cases (Fig. 4). In each of these patients, the 
vessel had been closed with a patch graft, and the point 
of notching was nonstenotic and represented the terminal 
point of the patch graft. Fourteen of these 17 cases had 
follow-up angiography, and in these the defect had re- 
solved in 12 and remained unchanged in two. 

In two patients, there was a small defect in one wall of 
the proximal ICA of undetermined origin, and each of 
these patients had been closed with a patch graft. The 
operative note on one of these two patients indicated that 
the ICA was much thinner than average, and this defect 


Ann. Surg. « January 1986 


probably represented a transverse crease or kink on one 
side of graft. Follow-up angiograms were normal in these 
two cases. 

(2) External carotid artery. The ECA was found to be 
patent with a normal lumen in 62 cases, patent but with 


a cuff at the demarcation point of endarterectomy in 30 * 


patients (Fig. 5), patent but with a flap at the distal point 
of endarterectomy in three cases, and undetermined in 
one. The ECA was occluded without a stump in two pa- 
tients and occluded with a stump in one. The patient who 
had occlusion of the ECA with a stump was the patient 
who had a major postoperative stroke, leading to death. 
One of the two patients who had occlusion of the ECA 
without a stump remained asymptomatic but is the only 
patient in the series who had occlusion of the CCAs and 
ICAs on follow-up angiography (see below), The other 
developed a 50% stenosis of the distal CCA in follow-up 
at the site of the ECA occlusion (Fig. 6). 

(3) Common carotid artery. The lumen of the CCA 
was found to be normal in 56 cases and wider than average 
in 43. The walls of the CCA appeared to be entirely normal 
in 72 cases. However, a ledge or step-off was identified 
proximally in 22 cases, which was related to diffuse ath- 
erosclerotic thickening of the CCA proximal to the site 
of endarterectomy. A transverse crease or undulation in 
one wall of the CCA distal to the proximal point of end- 





Fic. 5. Postoperative DSA showing demarcation point (arrow) of end- 
arterectomy in ECA. In patients in whom a separate arteriotomy was 
made in the ECA during endarterectomy because of a poor temporal 
artery pulse following restoration of flow, an intimal flap was usually 
identified. It is assumed that this defect in the ECA represents an intima! 
flap. 
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Fic. 6. Lefi. Postoperative DSA showing occlusion of ECA. Vertebral artery should not be mistaken for a patent ECA. Occlusion point noted with 
arrow. Right. Same vessel 2 years later now showing 50% stenosis of CCA at the point of origin of ECA (arrow). 


arterectomy was identified in five cases (Fig. 7). All five 
cases had been closed with a patch graft. These were non- 
stenotic lesions, which resolved by the time of follow-up 
angiography except in the patient closed with a fabric 
patch graft in which the undulating defect was unchanged. 


Follow-up Neurological Evaluation 


Follow-up evaluation of neurological function was ob- 
tained in 84 patients (97 procedures): 60 by personal in- 
terview and examination and 24 by phone or letter. There 
were six deaths in follow-up, two related to myocardial 
infarction, two from cancer, and two from unknown 
causes (one patient was 82 and the other was age 61). Two 
patients with primary atherosclerosis had a single TIA in 
follow-up (one of whom was the only patient in the series 
to have an immediate postoperative TIA), and one of the 
two patients operated for recurrent stenosis had several 
ill-defined transient ischemic events in follow-up. This 
patient had a mild nonulcerative re-stenosis distal to the 
site of endarterectomy (see below). There were two strokes 
in follow-up. One of these was definitely related to a la- 
cunar infarct, in turn the result of hypertensive arteriolar 
sclerosis. This individual returned to see us and underwent 
conventional four vessel angiography. The operated vessel 
was normal. Computerized tomography confirmed the 
presence of a small lacunar infarct that was consistent 
with the patient’s symptoms (this occurred 20 months 
after operation). 


The other patient with a stroke in follow-up developed 
recurrent stenosis with a soft clot at the site of endarter- 
ectomy and was one of the two patients in the series to 





Fic. 7. Transverse crease or undulation in wall of CCA distal to the 
origin of internal carotid artery is marked by arrow. This is considered 
to be the result of a unilateral crease or kink in the wall of the CCA. 
Defects such as this cleared or were not apparent on follow-up DSA 2 
years later. They were not associated with a neurologic complication. 
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FIG. 8. Left. Postoperative study of patient with hypercoagulability state reveals site of endarterectomy to be widely patent with no apparent thrombi. 
Right. Same patient 2 years later now has areas of stenoses and possible soft thrombi within areas of endarterectomy in the internal carotid artery. 
Patient underwent surgery for recurrent symptoms. A soft thrombus was found under which the intima appeared to be normal. There was no evidence 


of intimal hyperplasia. 


have a minor immediate postoperative stroke. This de- 
veloped 32 months following the initial surgery, and at 
the time of reoperation a soft jelly clot was identified 
overlying apparently normal endothelium in the distal 
internal carotid artery (Fig. 8). This patient was subse- 
quently proven to have a heparin-induced hyper- 
coagulability state (confirmed with heparin antibodies in 
the serum), which in retrospect was probably the cause 
for her initial postoperative complications. She had com- 
plications from her second surgery as well. 


Follow-up Angiography 


Seventy-nine vessels were evaluated by a DSA follow- 
up. Eight of these vessels had been closed primarily and 
71 with patch grafting. 

(1) Internal carotid artery. The caliber of the ICA was 
found to be normal in 55 cases, wider than usual in 17, 
diffusely dilated or aneurysmal in one, stenotic in five, 
and occluded in one. The occlusion occurred in a vessel 
closed with a patch graft that had occlusion of the ECA 
on postoperative angiography. Two of the patients with 
re-stenosis had been closed primarily, the re-stenosis was 
less than 20% in one of these but greater than 50% in the 
other. Three of the arteries with recurrent stenosis were 
closed with a patch graft. Of these, one was less than 20% 
and not significant, one developed 32 months following 
the initial surgery and was associated with the heparin- 


induced coagulopathy discussed above, and one occurred 
in one of the two patients operated for recurrent disease. 

Mild undulation or insignificant irregularity in the wall 
of the ICA was identified distally in three cases. Each of 
these had been closed with a patch graft. 

(2) External carotid artery. The ECA was patent in 67 
vessels with a normal lumen and patent in eight with a 
small cuff or flap. The ECA was occluded with a stump 


in one patient and occluded without a stump in two pa- 


tients. Two of these had been known to be occluded from 
the postoperative studies but the third occluded during 
the period of follow-up. In this third case, the postoperative 
angiogram had shown a cuff or ledge at the distal site of 
endarterectomy in the ECA. In one patient, the ECA could 
not be evaluated. 

(3) Common carotid artery. The lumen of the CCA 
was normal in 58 arteries, wider than usual in 16, and 
occluded in one (same case that had occlusion of ICA). 
There was stenosis present in four vessels at the proximal 
end of the endarterectomy at the junction point between 
the endarterectomized and the nonendarterectomized ar- 
tery. All of these had been closed with a patch graft. This 
degree of stenosis was less than 20% in one and essentially 
insignificant. However, the stenosis exceeded 70% in three 
cases and extended somewhat proximally into the non- 
endarterectomized artery in all three cases (Fig. 9). A 50% 
restenosis of the distal CCA occurred at the site of the 
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Fic. 9. Left. Normal postoperative angiogram following endarterectomy with saphenous vein patch graft reconstruction reveals good transition point 
between endarterectomized and nonendarterectomized segments of the CCA. Right. Recurrent stenosis at proximal end of endarterectomy 2 years 
later (arrow). Stenosis extends into the diffusely sclerotic proximal CCA. This patient was asymptomatic and thus not re-explored, thus, cause of re- 


stenosis is undetermined. 


postoperative ECA occlusion in one additional patient 
(Fig. 6 right). 

A proximal ledge or nonstenotic cuff identifying the 
proximal point of the endarterectomy was identified in 
seven cases. All of these had been closed with a patch 
graft. 


Non-operated Carotid Artery 


The opposite ICA was occluded before operation in 13 
cases, and, of these, 11 patients returned for angiography 
and the vessel had remained occluded in all. A nonoper- 
ated patent carotid bifurcation was normal or unchanged 
in 38 cases. There was slight progression of bifurcation 
atherosclerosis in 10 cases and moderate progression in 
six. The comparison of the carotid bifurcations was not 
possible in the remaining cases because of artifacts from 
motion or calcium-like densities in the vessel wall. 


Discussion 
Reliability of Digital Subtraction Angiography 


In our experience, digital subtraction angiography per- 
formed by an intravenous injection of contrast material 
is inadequate for the preoperative evaluation of patients 
with transient ischemic attacks from suspected carotid 
artery atherosclerosis.** These limitations are based on 
the inadequacy of visualization of the cerebral circulation 


and amount of calcium in and thickness of the vessel wall 
at the bifurcation, which prevents good visualization of 
the lumen. The first of these two limitations is not relevant 
in the postoperative evaluation of the carotid bifurcation 
unless the patient has sustained a neurological compli- 
cation from the surgery and the second is eliminated by 
the operation itself, which removes the thickened athero- 
sclerotic plaque from the vessel wall. We have found that 
digital subtraction angiography in the postoperative pa- 
tient gives excellent visualization of the carotid bifurcation 
if the patien? is properly positioned as indicated in Figures 
l and 2. 


Review of the Literature 


A comparison of the various reports in the literature 
concerning the frequency of recurrent carotid stenosis is 
difficult because of differences in the manner in which 
patients were collected (consecutive or nonconsecutive), 
studied (contrast vs. noninvasive) and the completeness 
of follow-up. Furthermore, it is necessary to distinguish 
between symptomatic recurrence and asymptomatic re- 
currence as stressed by others. Table 1 summarizes 
some of the follow-up studies based on noninvasive test- 
ing.2-517-19 

Based on the above reports, approximately 10 to 30% 
of the endarterectomized vessels closed primarily were re- 
stenosed, with approximately one-half of these occurring 
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TABLE 1. Significant Re-stenosis in Follow-up—Noninvasive Testing* 








Year 42 >2 
Author Reported Years Years Comments 

Cossman 1978 3.6% — 2-year follow-up 

Kremen 1979 3% 10% Based on OPG 45-month 
mean follow-up 

Turnipseed 1980 3% 6% 3-year follow-up 

Bodily 1980 ~ 49% Duplex scan, 3-month to 
96-month follow-up 

Cantelmo 1981 8% 4% OPG-CPA 

Norvving 1982 — 35% 6-year mean follow-up 

Zierler 1983 20% = Duplex scan and spectral 
analysis 

Baker 1983 10% _ 23-month mean follow-up: 


OPG and Doppler 








* Defined here as approximately 50% or more. 
CPA = Carotid phonoangiography. 


within the first 24 months after surgery. However, it 
should be noted that only the study by Norrving was based 
on consecutive patients, with approximately 80% of the 
series having postoperative angiograms and 64% under- 
going follow-up studies. Therefore, the denominator in 
most instances is undetermined. 


Neurologic Function 


(1) Operative complications. One patient died from an 
ischemic stroke, and two patients developed a minor per- 
manent neurological deficit that was not present prior to 
surgery. One of these patients had a heparin-induced co- 
agulopathy and two of the three patients had a carotid 
slim sign. The carotid slim sign indicates a very low per- 
fusion pressure within the vessel and a very slow flow; 
thus, it is possible that the complications in these patients 
were related to emboli distal to the site of the endarter- 
ectomy. All three complications occurred in the recovery 
room. Interpretation of the intraoperative EEG was dif- 
ficult in each of these cases as all three were operated as 
semiemergencies because of an evolving neurological def- 
icit and the baseline EEG was abnormal. Postoperative 
angiography revealed patency of the ICA and the CCA 
in all three cases but the ECA was occluded in two. In 
the patient who sustained a major deficit, there was a 
stump at the origin of the ECA. 

Two patients had transient migraine equivalents prob- 
ably related to cerebral hyperperfusion. The relationship 
of this type of event to cerebral hyperperfusion following 
endarterectomy has previously been documented. We 
consider it to be related to vascular reactivity and hyper- 
perfusion. 

In this small series, we did not have any intracerebral 
hemorrhages or myocardial infarctions leading to death. 
However, in our overall group of approximately 2100 
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endarterectomies to date monitored with cerebral blood 
flow measurements and EEG’s, there is a 0.5% incidence 
of fatal myocardial infarction and intracerebral hemor- 
rhage. We believe that the absence of these complications 
in the current group was fortuitous. 

(2) Neurologic function in follow-up. There were two 
strokes in follow-up. One of these was a lacunar stroke 
related to arteriolar sclerosis and was proven to be un- 
related to the carotid endarterectomy. The other occurred 
in one of the three patients who had had a postoperative 
stroke and had a heparin-induced coagulopathy. The re- 
currence in this patient was atypical in that a soft clot was 
identified at surgery overlying smooth endothelium. The 
specimen was not consistent with myointimal hyperplasia 
or with recurrent atherosclerosis. It was, in fact, composed 
solely of soft thrombotic material. 


Comparison of Postoperative and Follow-up DSAs 


In general terms, minor deficits or defects that were 
present on the postoperative angiogram resolved by the 
time the follow-up study was performed. Transverse 
creases or undulations and notching at the distal point of 
patch grafting proved to be insignificant. However, oc- 
clusion of the ECA was found to be highly significant. 
There were three ECAs occluded on postoperative an- 
giography; one of these was associated with the major 
stroke referenced above, one with the only occlusion in 
the series of the CCA and ICA in follow-up, and one with 
a 50% stenosis of the CCA at the site of the origin in the 
ECA in follow-up. 

In patients operated on for primary carotid stenosis, 
the ICA protected by patch grafting appeared to be essen- 
tially free of recurrent disease during the period of follow- 
up in this series. However, three cases or 4% of those 
closed with a patch graft had significant yet asymptomatic 
recurrent stenosis of the CCA at the proximal end of end- 
arterectomy in follow-up angiography. Each of these pa- 
tients had had diffuse atherosclerosis prior to surgery. The 
recurrent stenosis appeared to involve the junction point 
between the endarterectomized and nonendarterecto- 
mized segments of the vessel primarily but extended 
proximally into the CCA in each case. One ICA occluded 
asymptomatically in follow-up. This patient had had oc- 
clusion of the ECA on postoperative angiography. 

One ECA occluded in follow-up that had been patent 
on postoperative angiography. This patient had a cuff or 
demarcation point at the distal end of the endarterectomy 
on the postoperative study, and it is concluded that this 
was the cause for occlusion in follow-up. Fortunately, this 
was an asymptomatic ECA occlusion. 


Primary Closure versus Closure With Patch Grafi 


A comparison in our series of cases closed primarily 
and those with a patch graft is not meaningful, as primary 


we 


_ a complicated primary atherosclerotic plaque. 
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closures were used for the shorter plaque and less com- 
plicated cases. Table 2 summarizes data from reported 
studies of intraoperative and postoperative angio- 
grams.'®5-* 1 ittle et al. compared primary closure and 
closure with á saphenous vein patch graft and found a 
highly significant difference in postoperative patency be- 
tween the group closed primarily and that with a patch 
graft (6% occlusion rate of ICA without patch grafting 


_ versus 0% with patch grafting—p value = 0.004).*° Im- 


parato’s group”’ and Deriu™ have emphasized improved 
patency with patch grafting versus a primary closure. We 
prefer the use of a patch graft but primary closure is still 
preferred by most surgeons. 
Causes for Re-stenosis 


Re-stenosis within 2 years from ‘the time of surgery is 
generally attributed to myointimal hyperplasia and re- 
stenosis thereafter to atherosclerosis. In this. small series, 
no angiographic changes typical of myointimal hyperpla- 
sia were. identified, but we have had patients return with 
symptomatic re-stenosis from myointimal hyperplasia and 

consider it to be a proven entity. The cause for re-stenosis 
at the proximal end of the carotid endarterectomy i is un- 
determined in this series, as the patients were e asymptom- 
atic and not re-explored. 1 

The significance of ECA occlùsion i in this series was 
striking: One case developed a definite. re-stenosis at the 
site of ECA occlusion and another had occlusion of the 
ICA and CCA in. follow-up—the only occlusion to occur 
in the series. One cannot help postulating that stenosis or 
occlusion in these cases was related to propagation and 
gradual development of an occluding thrombus at the site 
of the ECA occlusion: In some cases, re-stenosis is prob- 
ably related to thrombus formation, which subsequently 


undergoes degenerative changes not unlike those seen in 
33,34 


Contralateral Stenosis or Occlusion 


The risk of recurrent stenosis is significant enough to 
justify caution in recommending surgery for asymptom- 
atic lesions. '°35 This must be balanced against the natural 
history of the plaque.*** In the group reported here, there 
were no strokes in follow-up related to contralateral ste- 
nosis or occlusion, but patients with complicated or high- 
grade stenoses underwent prophylactic endarterectomy 
following surgery for the symptomatic stenosis. There was 
significant progression in this 2-year follow-up of a non- 
stenotic plaque in 29% of the cases. Contralateral occlu- 
sion (14 cases) was not associated with an increase in the 
risk of surgery in this group. 


Carotid Slim Sign 


A carotid slim sign was present on the preoperative 
angiogram in the patient who had a major postoperative 
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TABLE 2. Results of Intraoperative or 1 Week 


Postoperative Angiography 
Significant 
l Patency ICA or 
Year CCA Type of 
Author Reported ECA ICA Stenosis Closure Type of Study 
Blaisdell 1967 —- 95 20 Primary Intraoperative 
angiogram 
Rosental 1973 96 99 8% Primary Intraoperative 
angiogram 
Anderson 1978 98 100 3% Primary Intraoperative 
angiograni 
Hertzer 1982 95 98 1% Primary DSA 
Norvwving 1982 ? 93 4% Primary Conventional 
angiogram 
Disz 1982 80 96 0% Primary Conventional 
Little 1984 100% 94% 6% Primary DSA 
Little 1984 100% 100% 0% Saphenous DSA 
vein 
patch 
graft 
Sundt 1985 97% 100% 0% Saphénous DSA 
; vein 
patch 
graft 


stroke, in one of the two patients with a minor postop- 
erative stroke, oné of the two patients who had a migraine 
variant, and the only patient with a dissection of ICA 
distal to the site of surgery. This is not surprising, since 
it is indicative of a very low perfusion pressure and often 
is found i in patients who are neurologically unstable. It is 
an ominous finding and should alert the surgeon to the 
increased risks associated with surgery in these patients. 
These risks include postoperative cerebral hyperperfusion, 
possible embolization from thrombotic, inaterial on the 
wall of the vessel distal to the site of endarterectomy, and 
dissection of the ICA related to variation in the distensi- 
bility of chronically contracted intima and media. In our 
limited experience, a postoperative dissection should be 
managed like a spontaneous dissection, i.e., conserva- 
tively. 

Although patienits with this finding are often neurolog- 
ically unstable and are high risks for surgery, results can 
be dramatic,” and the risks without surgery are, in our 
experience, even higher. Thus, we recommend surgery 
unless a major fixed deficit is present. 
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The therapy and survival rates of patients with esophageal car- 
cinoma at the Cleveland Clinic over the 12-year period 1969- 
1980 are reviewed. Data on 238 patients were analyzed. Seventy- 
one per cent of the patients underwent surgery, with esophago- 
gastrectomy being performed in half of these. One or more early 
postoperative complications occurred in 72.6% of these patients. 
Most of these complications were pulmonary and related to the 
patients’ chronic obstructive pulmonary disease. The mortality 
rate for esophagogastrectomy at the Cleveland Clinic has de- 
creased over the past 15 years to 7.1%. The 5-year survival rate 
after “curative” esophagogastrectomy was 15.4% with a mean 
survival time of 34.4 months. Invasion of the tumor through or 
beyond the serosa in this group of patients was associated with 
an increased relative risk of death of 3.3 compared to those with 
lesser degrees of invasion. The cell type, degree of differentiation, 
stage of disease, and presence of tumor at the lines of resection 
were all prognostically significant for all patients. 


HE INCIDENCE, morbidity, and mortality of cancer 
of the esophagus appears to have remained rel- 
atively constant over the past 50 years. Esopha- 

geal carcinoma accounts for an estimated 1% of new can- 
cer cases each year and approximately 8600 deaths per 
year.! 

This study was undertaken to assess the operative mor- 
tality and survival after esophagogastrectomy for esoph- 
ageal carcinoma at The Cleveland Clinic Foundation over 
12 years, to compare survival rates for two 6-year time 
periods, and to compare these results with those of others 
and with our own early results. We also wished to deter- 
mine the benefit of preoperative and/or postoperative ra- 
diation as adjunctive therapy and determine if the in- 
creased accessibility of endoscopy has permitted earlier 
diagnosis. 
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Patients and Methods 


The charts of 299 consecutive patients diagnosed as 
having esophageal carcinoma at the Cleveland Clinic dur- 
ing the 12-year period from 1969 through 1980 were re- 
viewed. Fifteen outpatients seen only for consultation were 
excluded, as were 46 patients who had carcinoma meta- 
static to the esophagus or as a direct extension of a pha- 
ryngeal carcinoma. Data on 238 patients were analyzed 
for this review. Frequency counts were analyzed using 
Pearson’s goodness-of-fit chi square test. Survival analyses 
were computed by the Kaplan-Meier (product limit) 
method for analysis of censoréd data.” Data on patients 
who had undergone esophagogastrectomies were analyzed 
by stepwise regression using the Cox model for multivar- 
iant analysis.” Statistical analyses were performed using 
SAS‘ and BMDP* software. 

The male to female ratio was 3.25:1, with 77% male; 
88.4% were white, and 11.6% black. The mean patient 
age was 62.9 years, with an age range of 25-83 years. 

Risk factors were analyzed. Over three-fourths of our 
patients had a history of smoking, a mean 1.3 packs-per 
day, with an average of 48 pack years. Information on 
alcohol consumption was not available for most patients, 
but 28% reported heavy use of alcohol, 14% had previous 
peptic ulcer disease, 22% had a history of hiatal hernia or 
reflux esophagitis, and 13% had previous upper gastroin- 
testinal surgery. 

Presenting symptoms included dysphagia (87%), 
weight loss (71%), substernal or epigastric pain or burning 
(46%), vomiting or regurgitation (29%), hoarseness (7%), 
and coughing or choking (2.5% each). Aspiration pneu- 
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Z of Total & Adeno CA ESEE 
CERVICAL 3 a8 ws 
rd w 
ye UPPER THORACIC 7 7,7% 32% 
i \ 
\ 
mio tnoracic \ ogg 9.6% 90% 
| \ 
h | 
LOWER THORACIC 58% 743 26% 


E-G JUNCTION 


Fic. 1. Tumor location and distribution of adenocarcinoma and squa- 
mous cell carcinoma. 


monia and palpable cervical lymph nodes were each pres- 
ent in 14%. 

Diagnosis was most frequently established by esopha- 
gogastroscopy and biopsy or brush cytology, which pro- 
vided the correct diagnosis in 85% of the patients. It was 
negative in less than 1% of patients with esophageal can- 
cer. An esophogram alone was diagnostic in 10%. Only 
2.5% of patients did not have their diagnosis established 
until surgery. 

Tumor location was listed as being either in the cervical 
{15-20 cm from the alveolar ridge or C.-T,), upper tho- 
racic (20-26 cm or T,-Ts), midthoracic (26-36 cm or Tę- 


TABLE |. Procedures Performed 








Mean 
2-year 5-year Survival 
Survival Survival Time 
Type of Therapy Number Rate Rate (Months) 
Surgery total 168 
Esophagogastrectomy 84 31.5% 13.6% 27.9 
Resection with 1° 
anastomosis 
Bypass procedure 2 
Exploratory 
laparotomy or 
thoractomy 35 8.6% 0% 8.3 
Intubation 23 
With laparotomy 10 
Without 
laparotomy 13 
Feeding gastrostomy 
or jejunostomy 23 
Surgery alone 120 18.5% 6.8% 17.8 
Sargery and radiation 48 18.6% 5.4% 17.8 
Preop radiation 16 
Postop radiation 32 
Radiation alone 64 9.6% 4.8% 15.5 
Chemotherapy alone 6 
Total 238 16.9% 6% 17.7 
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To), or lower esophagus (including esophagogastric junc- 
tion and cardia, 36-46 cm or lower than T,o)° (Fig. 1). 
The lower thoracic and esophagogastric (EG) junction 
were the most frequently involved sites (58%), followed 
by midthoracic (24%), cervical (9%), and upper thoracic 
esophagus (7%). 

The most frequently found tumor was squamous cell 
carcinoma (SCC), in 48.9% of the patients. Adenocarci- 
noma was present in 39.8% and other cancers (undiffer- 
entiated and adenosquamous) in the remaining patients. 
SCC occurred with decreasing frequency in the midtho- 
racic, lower thoracic and EG junction, cervical and upper 
thoracic esophagus. SCC accounted for all cervical lesions, 
for 92% of upper thoracic cancers, 90% of midthoracic 
lesions, and 26% of lower esophageal and EG junction 
lesions. Adenocarcinoma accounted for 74% of lower 
esophageal and EG junction lesions, 9.6% of midthoracic, 
and 7.7% of upper thoracic carcinomas. 

Most tumors were moderately well differentiated (47%), 
44% were poorly differentiated, 5% were undifferentiated, 
and 4% were well differentiated. Three patients (1.3%) 
had carcinoma in situ. 

Tumor size and stage were assessed in 166 and 189 
patients, respectively. Thirty-eight per cent of the tumors 
were T; (<5 cm diameter), 33% were T, (>5 cm in di- 
ameter), and 27% had extraesophageal spread. The mean 
tumor size was 5.4 cm; lesions ranged from <1 cm to 18 
cm long. 

Cervical lymph node involvement was present unilat- 
erally in 6% and bilaterally in 2%. In patients in whom 
thoracic nodal involvement could be evaluated, nodes 
were positive in 62%. Metastases, diagnosed before or at 
the time of surgery, were present in 30.2% of patients with 
26.1% having positive celiac nodes, 10.3% liver metastases, 
3.8% pulmonary, and 2.6% bony metastases. 

Only 16% of staged patients had stage I lesions at the 
time of diagnosis, while 40% had stage II, and 43% stage 
III lesions.’ 

Metachronous or synchronous lesions were present in 
10.5% of the patients. Six of the 25 patients had other 
synchronous cancers. In four patients, the synchronous 
lesion was a SCC (two of the tongue and two of the esoph- 
agus), a bronchiogenic carcinoma in the fifth, and a breast 
adenocarcinoma in the sixth patient. Metachronous le- 
sions occurred as early as 21 years before diagnosis of the 
esophageal neoplasm. Eleven patients had adenocarci- 
noma (six breast, three colon, and two prostate) and seven 
patients SCC of the tongue, larynx, or esophagus. Other 
tumors included transitional cell carcinoma of the bladder, 
endometrial carcinoma, melanoma, and lymphoma. 


Therapy 


One hundred sixty-eight (70.6%) of the patients un- 
derwent surgery. Table 1 lists the types of procedures per- 
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formed. Thoracic surgeons performed the procedure in 
61%, and general surgeons in 31%. Otolaryngologists or 
plastic surgeons performed procedures for cervical lesions 
in the remaining patients. Patients who underwent surgery 
could be divided into three categories: group J-—those in 
whom a curative resection was intended and achieved, 
group []—those in whom a positive line of resection was 
found after an intended curative resection and those with 
extraesophageal or metastatic disease who underwent a 
palliative resection in the hopes of increasing their survival 
time and improving their quality of life by eliminating 
dysphagia, and group I1]—those in whom an exploratory 


laparotomy or thoracotomy revealed unresectable disease. 


and who received palliation either via a feeding gastros- 
_ tomy or jejunostomy or intubation (performed in the op- 
_ erating room by a surgeon with or without laparotomy). 
In addition, 48 patients received combined radiation and 
surgery. Sixteen patients who underwent esophagogas- 
trectomy received 2400 rads in three doses on successive 
days, 10 days before operation and 32 patients received 
5000-6000 rads 5 to 6 weeks after operation because of 


«œ positive margins of resection or the surgeon’s impression 


of a noncurative procedure despite negative margins. 

A curative or palliative, partial or total esophagogas- 
trectomy was performed in 84 of the 168 patients under- 
going surgery. A pyloromyotomy or pyloroplasty was 
performed in nearly all these patients. One patient had 

` segmental resection of the esophagus only with primary 
anastomosis. Of these procedures, 30.4% were performed 
through a right thoracotomy and abdominal approach 
(Table 2). Positive lines of resection were present in 35.3% 
of these patients, including nine whose procedure was 
thought to be curative but who had evidence of disease 
at the margins of resection on final histological sections. 

Other palliative procedures included exploratory lap- 
arotomy or thoracotomy with or without bypass in 22%, 
a palliative feeding gastrostomy or jejunostomy without 
resection in 13.7%, and esophageal intubation in 13.7%. 
In over half the latter group (5.9%), intubation was per- 
formed at the time of an exploratory laparotomy or tho- 
racotomy. 

One or more early postoperative complications (<30 
days after operation) were seen in 72.6% of the patients 
who underwent esophagogastrectomy. The most frequent 
complication (occurring in 20.8%) was atelectasis, fol- 
lowed by pneumonia in 10.7%. Other pulmonary and 
miscellaneous complications were grouped together and 
occurred in 36% of the patients. These included respira- 
tory distress necessitating prolonged intubation, tracheos- 

- tomy, three cases of empyema treated by additional 
surgical drainage procedures, and wound infections. 


“\  Anastomotic leaks occurred in 7.7%, but these were not 


clinically apparent, being noted only on routine postop- 
_ erative gastrografin studies. Major complications included 
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TABLE 2. Surgical Approaches 


Type of Surgical Approach Number 
Left thoracotomy and abdominal 24 
Right thoracotomy and abdominal 51 
Left thoracoabdominal 16 
Abdominal alone 56 
Cervical 5 
Endosccpic 13 
Undetermined from chart 3 
Total 168 


myocardial infarction and renal failure, each occurring 


` in less than 3.5%. 


Late postoperative complications (>30 days after op- 
eration) occurred less frequently. These were noted in 38% 
of patients who had undergone esophagogastrectomy. 
Most of these were related to anastomotic strictures sec- 
ondary to tumor recurrence or fibrosis. These patients 
were treated symptomatically by dilatation. Stomal ulcers 
and dumping were seen in two and four patients, respec- 
tively. Displacement of the prosthesis necessitating re- 
moval or repositioning occurred in 26% of the patients 
undergoing intubation. There was no difference in com- 
plication rates between endoscopic intubation and intu- 
bation performed during surgery. 

The total surgical mortality was 4.3%, with seven deaths 
among 168 patients. One patient had an exploratory lap- 
arotomy revealing metastases to the aorta and diaphragm 
and died of cerebral edema in the third postoperative 
week. The other six deaths were in the esophagogastrec- 
tomy group, making the mortality of that procedure 7.1%. 
Of the esophagogastrectomy patients, four developed 
multiple argan failure; two of these were secondary to 
sepsis. In one patient, candida sepsis resulted from a nos- 
ocomial infection; in another, sepsis occurred from a leak 
of the pyloroplasty with subsequent subhepatic abscess 
requiring surgical drainage. Two patients died of pul- 
monary edema. The mean number of early postoperative 
complications in patients that died within the first 30 
postoperative days was five. 

Radiation therapy was used in combination with sur- 
gery in 48 patients (16 before and 32 after operation) and 
as the sole mode of treatment in 64 patients. No patient 
received both preoperative and postoperative radiation. 

Radiation alone was used curatively in doses of 5000- 
6000 rads for small lesions <5 cm in diameter, in patients 
not desiring surgery, and in those who were not surgical 
candidates because of medical problems. Radiation alone 
was given for palliation in patients who were unresectable 
and was especially beneficial in improving swallowing in 
those with dysphasia. Thirteen patients with recurrences 
or systemic disease received palliative radiation, and an 
additional five patients received combined chemotherapy 
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TABLE 3. Tumor Variables Influencing Survival 








Mean 
2-year 5-year Survival 
Survival Survival Time 
Rate Rate (Months) 

Tumor location 

Cervical and upper 

esophagus 11.1% 0.0% 12.7 
Midthoracic 20.8% 5.7% 19.4 
Lower esophagus 
and cardia 17.6% 6.2% 17.4 

Type of tumor 

Adenocarcinoma 15.4% 5.9% 15.8 

scc 16.6% 5.6% 18.6 
Tumor differentiation 

Well-moderate 18.9% 6.7% 19.0 

Poor 11.2% 2.3% 11.9 
Stage of lesion* 

I 29.0% 11.6% 29.4 

H 20.0% 5.8% 20.3 

mm 5.8% 0.0% 7.3 





* Statistically significant. 


and radiation for their systemic disease. Six per cent of 
patients receiving radiation therapy had minor compli- 
cations, mainly radiation dermatitis. No fistula formation 
was observed. 

Adjuvant chemotherapy with 5-fluorouracil, cisplatin, 
and other drug combinations was used in 51 patients. 
Eleven patients received it before and 34 after operation, 
and six as the only form of therapy. Sixteen patients re- 
ceived chemotherapy for recurrent or systemic disease, 
including five patients in whom this was combined with 
radiation. 

Intubation alone was used palliatively in patients with 
dysphagia and unresectable lesions. It was performed in 
23 patients (13.7% of those undergoing surgery). In 10 of 
these, it was performed at the time of an exploratory lap- 
arotomy or thoracotomy that revealed unresectable dis- 
ease. In the remaining patients it was done endoscopically. 
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Results 


Complete follow-up information was available in all 
except nine patients (96.2%). The follow-up time period 
ranged from 0 to 13.7 years, with a mean of 1.3 years. 
Fifty patients (29.7% of patients undergoing surgery) had 
known recurrences after surgery. Of these, 13 received no 
further treatment, four had palliative surgery, 13 had ra- 
diation therapy, 11 had chemotherapy, five had chemo- 
therapy and radiation, and four patients had symptomatic 
treatment with dilatation. One hundred sixty or 67.2% 
died of their disease, 22.3% died of other causes, three 
died with unknown disease status (1.3%), and 13 (5.5%) 
survived. Of these 13 patients, three had no evidence of 
disease, five had evidence of disease, and five had un- 
known disease status. 

All three patients who were alive with no evidence of 
disease had stage I disease treated by segmental resection 
in one patient and esophagogastrectomy in the other two. 
Patients who were alive with evidence of disease included 
one with stage I, three with stage II, and one with stage 
III disease. All of these except one patient with stage II 
disease were treated with esophagogastrectomy; the former 
patient had undergone intubation. 

The length of survival was measured from the date of 
diagnosis to the date of death or last contact. The mean 
overall survival time was 17.7 months with a 16.9% 2- 
year survival rate and a 6% 5-year survival rate. There 
was no significant difference in survival between sexes or 
races (p = 0.6 and p = 0.78, respectively). 

There was no difference in survival between adenocar- 
cinoma and squamous cell carcinoma or in tumor differ- 
entiation (p = 0.94 and p = 0.19, respectively) (Table 3). 
The frequency of metastases was related to cell type (p 
< 0.001). Two-thirds of patients with distant metastases 
at diagnosis had adenocarcinoma although fewer than 40% 
had this type of cancer. The presence of metastases was 
significantly related to tumor location (p < 0.001), with 
most metastases occurring in patients with lower esoph- 
ageal and EG junction carcinoma. Forty-one per cent of 
these patients had metastases. 

Survival was significantly related to the stage of the 
lesion, with a significant difference between stages I and 
H and between stages II and HI (p = 0.003 and p = 0.005, 
respectively) (Fig. 2). The mean survival times for stages 
1, H, and II were 29.4, 20.3, and 7.3 months, respectively 
(Table 4). 

Approximately three-fourths of esophagogastrectomies 
were performed as a curative procedure. This operation 
was accordingly associated with a significantly longer sur- 
vival than palliative procedures (p < 0.001) (Table 4). 
The mean survival time with positive lines of resection 
was 17.2 months and 29.9 months with negative margins 
(p = 0.006). There was a significant difference in survival 


ah. 


Vol. 203 No. 1 


TABLE 4. Therapeutic Factors Influencing Survival 


Mean 
2-year S-year Survival . 
Survival Survival Time 
Rate Rate (Months) 
Type of surgery* 
Esophagogastrectomy 31.5% 13.6% 27.9 
Exploratory 
laparotomy or 
thordcotomy and 
biopsy 8.6% 0.0% 8.3 
Surgical approach 
Left thoracotomy and 
abdominal 30.4% 17.4% 30.7 
Right thoracotomy and , 
abdoniinal 30.0% 9.0% 24.6 
Left thoracoabdoininal 23.4% 7.8% 19.4 
Abdominal alone 10.9% 0.0% 99 
Combined therapy vs. 
single : 
Radiation alone 9.6% 4.8% 15.5 
Surgery alone 18.5% 6.8% 17.8 
Radiation and surgery 18.6% 5.4% 17.8 
Intent* 
Curative 38.1% 15.4% 34.4 
Palliative esophago- 
gastrectomy 11.6% 5.8% 12.7 
Other palliative 
procedures 6.9% 0% 8.8 
Margins af resection* 
+ positive for tumor 16.7% 3.3% 17.2 
— negative for tumor 38.6% 15% 29.9 
16.9% 6.0% 17.7 





* Statistically significant. 


between curative (C) and palliative procedures, but no 
significant difference between palliative esophagogastrec- 
tomy (E) and other palliative procedures (S) (Fig. 3). There 
was no significant difference in survival among surgery 
alone, surgery and radiation, and radiation alone (p 
= 0.57) (Fig. 4). Forty-three patients received radiation 
as their sole therapy. Their 2- and 5-year survival rates 
were 9.6% and 4.8%, respectively, with a mean 15.5- 
month survival time. 
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Fic. 4. Survival: surgery and/or radiation. 


The 12-year study period was divided itito two groups 
according to the time periods 1969-1974 and 1975- 
1980. These groups contained 100 and 138 patienis, re- 
spectively. There was no significant différence in mean 
duration of symptoms at the time of presentation (11.64 
and 11.82 ‘months, respectively) or in the stage of the dis- 
ease at the time of presentation. There was also no sig- 
nificant difference in the type of therapy given or in the 
surgical complication and mortality rates during the two 
periods, Likewise, overall survival rates and survival after 
esophagogastrectomy were not statistically different (Figs. 
5 and 6). 

The esophagogastrectomy group was further studied 
and data regarding patient age, type of tumor, tumor size; 
grade; degree of invasion, nodal involvement, stage of dis- 
ease, and presencé of tumor at lines of resection in these 
patients examined. A multivariate analysis was performed 
to determine if any of these factors had a significant effect 
oni survival. Only degree of invasion through the serosa 
or beyond (into adjacent structures) was prognostically 
significant with p < 0.001 and an increased relative risk 
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Fic. 5. Esophageal carcinoma. Overall survival and survival for 1969- 
1974 and 1975-1980 time periods. 
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FIG, 6. Survival after esophagogastrectomy during the two time periods 
1969-1974 and 1975-1980. 


of death of 3.3 compared to patients with lesser degrees 
of invasion. 


Discussion 


Despite a significant reduction in operative mortality, 
esophageal carcinoma remains a fatal disease. Five-year 
survival rates have remained the same over the past 20 
years.' Patients who have undergone surgical therapy 
usually die of disseminated disease rather than local re- 
currence.* This dim prognosis can be attributed to a 
number of factors. 

Esophagogastroscopy is 99% accurate in detecting a le- 
sion once suspicion is aroused. Unfortunately, patients 
with this disease usually present late. Only when the tumor 
is large enough to occlude the lumen by 50% does dys- 
phagia occur.® The absence of pain is a major factor in 
late presentation. Hoarseness is frequently a sign of ex- 
ternal compression or tumor infiltration of the recurrent 
laryngeal nerve. 

Late presentation also contributes to the fact that 35% 
of our patients had metastases at the time of diagnosis. 
In many cases, metastases occurred in the absence of ex- 
tensive local disease. Celiac lymph node metastases fre- 
quently made esophagogastrectomy palliative rather than 
curative. 

Achieving a cure is difficult because of early longitudinal 
extension of tumors. The course of intramural lymphatics 
and absence of segmental lymphatic drainage result in 
early submucosal spread of malignant cells proximal and 
distal to macroscopic tumor margins.?-!? Tumor emboli 
may block efferent lymphatics and may result in secondary 
tumor deposits or “skip” lesions up to 8 cm from the 
neoplasm.'? This in part accounts for the fact that 35% 
of patients undergoing esophagogastrectomy had positive 
margins of resection. 
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The absence of a serosa and the close proximity of me- 
diastinal structures may result in regional extension and 
inoperability. Early intraesophageal and extraesophageal 
extension and metastases caused a large number of our 
patients to present with stage II and III lesions (40.2% 
and 43.4%, respectively). In another series, nearly 60% of 
patients were stage III.'4 

The 10.5% frequency of metachronous and synchro- 
nous primary tumors in our series compares with the 8.3% 
reported by Shibuya in his series of 339 patients.'* Others 
have reported frequencies of second primary tumors in 
patients with esophageal carcinoma from 7% to 20%.*!6 
Stone reported that 20% of patients with SCC had second 
primary tumors, whereas only 2% of those with adeno- 
carcinoma did.* Forty per cent (10/25) of our patients 
with metachronous or synchronous primary tumors de- 
veloped a SCC of the tongue, larynx, or esophagus. Stone 
suggested that environmental factors (alcohol consump- 
tion and cigarette smoking) responsible for the develop- 
ment of an esophageal carcinoma might also be a factor 
in the development of a second neoplasm. 

Eighty-five of our patients underwent resection, result- 
ing in a 35.7% resectability rate or 50.6% resectability rate 
if only those patients undergoing surgery are considered. 
This compares with other reports of 54.5% to 87.8% re- 
sectability.®!417 

No colonic interposition procedures or extrathoracic 
gastric bypass procedures were performed during the 12- 
year period reviewed. Although Garrin reported no anas- 
tomotic recurrences in patients who had undergone 
extrathoracic esophagectomies compared to recurrences 
in three of 10 esophagogastrectomy patients, extrathoracic 
esophagectomy is associated with severe postoperative 
pulmonary dysfunction and anastomotic fistulas, '8!9 The 
long-term survival of these patients is not improved.!® 
Bypass procedures such as Roux-en-Y end-to-side 
esophagojejunostomy or esophagogastrostomy were not 
performed. Patients who were unresectable were treated 
by esophageal intubation or radiation. 

At the Cleveland Clinic, the procedure of choice for 
palliative or curative resection is esophagogastrectomy 
either through a right thoracotomy and abdominal inci- 
sion for lesions of the mid and upper esophagus or left 
thoracotomy and abdominal incision or left thoracoab- 
dominal incision for lesions of the lower esophagus and 
gastroesophageal junction. A right thoracotomy combined 
with an abdominal incision (Lewis approach) was used 
in more than 50% of those procedures in which the thorax 
was opened. Others have also advocated Lewis’s approach, 
particularly for better exposure of lesions in the midtho- 
racic esophagus.'**! In our series, type of approach was 
not shown to influence survival. This has also been re- 
ported by others.” 
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Most complications associated with resections were 
pulmonary. This is to be expected in this group of patients, 
since most of them have chronic obstructive pulmonary 
disease secondary to a long history of cigarette smoking. 
Both left thoracoabdominal incisions with division of the 
left costal arch and esophagectomy without’ thoracotomy 
have beer associated with poorer postoperative pulmo- 
nary function.®!8!9 No transient or permanent larytigeal 
nerve paralysis was noted in our patients: Anastomotic 
leaks, which were largely responsible for the high mortality 
of earlier: series, are not necessarily fatal today. The anas- 
tomotic leaks i in our series were not clinically: evident, but 
documented on routine postoperative gastrografin studies. 
No mention of anastomotic leak was found i in-the charts 
of the three patients who developed empyema. In one 
patient; a severe deep thoracotomy wound infection was 
present. All were treated by surgical debridement and 
drainage. Akiyama has described two cases of the devel- 
opment of empyema secondary to contamination by re- 
sidual ulcerated’ tumor.!” 

In our study, six of the seven deaths were of patients 
who had undergone esophagogastrectomy and developed 
respiratory and/or renal failure after operation. Our 7.1% 
esophagogastrectomy operative mortality i is similar to rates 
of other institutions. Operative mortalities for resection 
of 0.7% to 40% have been reported, the 0.7% and 2.8% 
of Akiyama and Ellis, respectively, being particularly 
noteworthy. "4161720-22 We comparéd our present opera- 
tive mortality with that reported from our own institution 
by Groves for the period 1964-1972. 23 The operative 
mortality has dropped from 20% to 7.1% over the past 15 
years,. with an increase in the 2-year survival rate from 
10.9% to 31.5%. There was, however, no statistically sig- 
nificgnt change in operative mortality or survival rate 


when comparing the two 6-year periods 1969- 1974 and ‘ 


1975-1980. 

Our overall 5-year survival rate was a disappointing 
6%; the 5-year survival rate in patients undergoing “cu- 
rative resections” was 15.4%. Akiyama has reported 5- 
year survival rates of 60% and 50% for patients undergoing 
curative resection for lesions of the esophagogastric j junc- 
tion and thoracic esophagus, respectively.'7 Stone? has 
reported a 5-year survival rate of 36% in patients with 
negative lymph nodes. The stage of the lesion also had a 
significant effect on survival in our series and that of Ellis. '* 

The mean survival time in patients who had esopha- 
gogastrectomy was 27.9 months, the mean overall survival 
time being 17.7 months. Others have reported mean sur- 
vival times of 7.7 to 25 months.®!*!6 

SCC’s of the upper and cervical esophagus are sensitive 
to radiation, and it is effective in this location.® Our 4.8% 


5-year survival rate for radiation alone is in the low range - 


of those reported by others (5% to 18.9%).§*5” SCCs of 
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the distal esophagus tend to metastasize to infradiaphrag- 
matic nodes. This area has less tolerance to radiation and 
curative doses cannot be giyen. 824 A denocarcinomas that 
metastasize to celiac and lesser curative lymph nodes are 
not sensitive to irradiation. For these reasons, surgery is 
the treatment of choice for lesions in this region. ` 

-in agreement with a previous study from this institu- 
tion; we found that preoperative radiation had no effect 
on long-term term survival. = Several authors, however, have 
reported an increase in 5-year survival rates with tadiation 
(from 9.5% to 11.5% and 8.3% to 19%, respectively),°? 
while others reported no favorable effect.* Palliative re- 
section is often preferable to radiation therapy, since dys- 
phagia may ‘petsist for several weeks or ‘temporarily x worsen 
after initiation of the latter.? - 

If the patient cannot swallow and the feaiGnit is ireo: 
able, intubation may provide. adequate palliation by re- 
storing the ability to swallow and preventing aspiration 
pneumonia and choking. Esophageal intubation has been 
associated witha 4.5% to 40%, mortality secondary to per- 
foration.''3 In his series of oyer 2000 patients, Giradet”® 
reported a 25. 4% complication rate, with displacement 
and obstruction being the most frequent complications. 
Intubation can be performed endoscopically in most cases 
and requires only 1 or 2' days of hospital recovery time.” 
Mean survival times after intubation have ranged from 
4.2 to 10 months.'!?8 There were.no deaths among our 
patients, but displacement occurted in 26%. 

Despite the increased availability and high accuracy of 
esophagogastroduodenioscopy in diagnosing esophageal 
carcinoma, ‘the duration of symptoms before presentation 


. and stage of disease at presentation have not changed: over 


the last 12 years. There have been no significant ‘changes 
in the therapy during this time. Despite the usé of staplers 
to construct anastomoses without leaks and to reduce op- 
erating time, ‘the increased use of hyperalimentation, and 
intensive respiratory therapy, the mortality rate at esoph- 
agogastrectomy has remained unchanged ` ‘during the 
1969- 1980 time interval. Cell type, tumor differentiation, 
the presence of tumor at lines of resection, and stage of 


the disease are prognostically significant. The latter is the 


only variable that can be altered. It is hoped that earlier 
presentation and treatment will result i in longer survival 
rates. 
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Mesenteric and retroperitoneal cysts are rare intra-abdominal 
tumors. Ten new patients are presented as well as 152 other 
cases reported in the English literature. These 162 cases were 
then analyzed for significant trends. Patients under 10 years of 
age were significantly different from the older group with respect 
to a shorter duration of symptoms, a higher number of patients 
requiring an emergency operation, a lower number of recurrences 
and the location of the cyst. Patients with retroperitoneal cysts 
were more likely to have incomplete excision of the cyst and 
therefore had a higher incidence of recurrence. They also required 
marsupialization more often. Retroperitoneal cysts should be 
considered a different entity from mesenteric cysts even though 
they present clinically in a similar fashion. The outcome of sur- 
gical treatment is less satisfactory in patients with retroperitoneal 


cysts. 
M masses. This entity was first described in 1507 
by the Florentine anatomist Benevieni' while 
performing an autopsy on an 8-year-old boy. It was not 
until 1842 that Rokitansky” recorded the first description 
of a chylous cyst and in 1852 Gairdner’ described the first 
omental cyst. Finally, in 1880 Tillaux* performed the first 
successful operation on a cystic mesenteric tumor. This 
was followed by Pean,°> who in 1883 described the first 
marsupialization of a mesenteric tumor. 

Because mesenteric and retroperitoneal cysts are seen 
so infrequently there is very little information available 
on them. Most published studies consist of only a few 
cases. This has led to some false impressions and conclu- 
sions regarding these tumors of the abdomen. The rarity 
of these conditions has also contributed to the fact that 
the correct preoperative diagnosis is infrequently made.’ 
For these reasons, the authors have undertaken the review 
of their own institution’s records but have also reviewed 
all the cases published in the English literature from 1950 


ESENTERIC CYSTS are rare intra-abdominal 





Reprint requests: Robert J. Kurtz, M.D., Department of Surgery, 
Mount Sinai School of Medicine, One Gustave Levy Plaza, New York, 
NY 10029. 

Submitted for publication: August 19, 1985. 


From the Department of Surgery and the Department of 
Biomathematics, * Mount Sinai School of Medicine, 
City University of New York, New York, New York 





109 





to the present. This approach allows the analysis of a large 
number of cases for trends or other factors that might 
help the clinician in the diagnosis and treatment of these 
conditions as well as leading to a better understanding of 
the problems related to the management of these rare 
diseases. 


Incidence 


The medical records of all patients admitted to the 
Mount Sinai Hospital from 1950 to 1984 were reviewed. 
Ten patients with mesenteric or retroperitoneal cysts 
were identified in this 35-year period. During this time, 
there were approximately 1,064,000 admissions to the 
Mount Sinai Hospital, of which approximately 10% were 
pediatric admissions. The estimated incidence of 10 cases 
per 1,064,000 (1/106,400) admissions at our institution 
is similar to the previously reported incidences, which 
range from eight cases per 820,000 (1/102,500) admissions 
at the Mayo Clinic? to three cases per 750,000 (1/250,000) 
admissions? at the University of Mississippi Medical 
Center. 

The incidence in this study in the pediatric age group 
(less than 10 years old) is five cases per 101,000 (1/20,200) 
admissions. This figure is also in agreement with reports 
from Los Angeles Children’s Hospital of three cases per 
12,425 (1/4,142) admissions® and Children’s Hospital of 
Akron with two cases per 68,750 (1/34,375) admissions. '° 


Clinical Material 


Ten patients with mesenteric or retroperitoneal cysts 
treated at our institution from 1950 until 1984 are re- 
ported. The diagnosis was proven in all cases at laparot- 
omy. Five patients were male and five were female. They 
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Fic. 1. Appearance of a large mesenteric cyst that was completely excised. 


ranged in age from 6 months to 68 years with a mean of 
22. Five of the patients were 10 years old or younger. The 
average age of the patients with the retroperitoneal cysts 
was 33 years, while the average age of the patients with 
mesenteric cysts was 15 years. 

The average duration of symptoms before hospitaliza- 
tion was 2.6 months with a range of from 12 hours to 12 
months. Eight patients presented with abdominal disten- 
tion, and nine had abdominal pain. Their temperature 
on admission ranged from 37.0 to 39.3 C with a mean of 
37.5 C. 

The correct preoperative diagnosis was made in only 
three cases, and two of these were patients with retroper- 





FIG. 2. Computerized tomograph showing a large retroperitoneal cyst at 
the level of the kidneys. The cyst has been marsupialized and contains 
air and fluid. 
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itoneal cysts. One of these patients required an emergency 
operation for acute onset of abdominal pain. Operative 
treatment consisted of complete excision of the cyst in 
six cases (see Fig. 1), and in the remaining four the cyst 
was only partially excised. Three of these four patients 
had retroperitoneal cysts. Three patients required resection 
of a portion of the small intestine and in all of these cases 
the reconstruction was performed by an end-to-end anas- 
tomosis. 

None of the cysts was malignant. They ranged in size 
in the eight patients in whom this information is known 
from four to 36 cm in diameter. The estimated volume 
of the cysts ranged in these patients from 11 to 5600 cc. 
Only one patient developed a recurrence of the cyst and 
required a second operation. This patient had a retroper- 
itoneal cyst, which was partially excised at the first op- 
eration (see Fig. 2). She is doing well 7 years after mar- 
supialization of the cyst, despite the persistent drainage 
of fluid. 


Analysis of Published Cases 


All cases of mesenteric and retroperitoneal cysts re- 
ported in the English literature from 1950 until the present 
were reviewed. The data obtained were analyzed using 
the computer services of the City University of New York. 
Student’s t-test was used to determine statistical signifi- 
cance for the numerical data and a chi square or Fisher’s 
exact test analysis was employed to compare data grouped 
into categories. Only cases described with sufficiently de- 
tailed information were included in this study. One 
hundred sixty-two patients were found, including the 10 
patients being presented. Forty-eight per cent of the pa- 
tients were females. The mean age was 25 years, with a 
range from | day to 83 years. The duration of symptoms 
ranged from 3 hours to 6 years, with a mean of nearly 
6.6 months. Abdominal pain was present in 58% of the 
cases and abdominal distention in 50%. The correct pre- 
operative diagnosis was made in 30 of the 122 patients 
(25%) in whom this information is known. Of the 60 cases 
for whom this information is known, 45% were operated 
on as emergencies. 

The cyst was located in the small bowel mesentery in 
91 patients (60%), in the large bowel mesentery in 37 
(24%), and in the retroperitoneum in 23 (14.5%). In 11 
patients the location was not given more specifically than 
in the mesentery, and in 11 cases the location was not 
described. A simultaneous intestinal resection was per- 
formed in 56 of the 134 patients in whom this information 
is known. In 37 cases a resection of the small intestine 
was performed. In three cases a right hemicolectomy was 
necessary with an ileotransverse anastomosis. There was 
one case each requiring resection of the transverse and 
the sigmoid colon. 
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The average estimated volume of the cyst was 2114 cc 
with a range of from 4 to 24840 cc. The cysts ranged in 
diameter from 2 to 36 cm, with a mean of 13.2 cm. The 
cyst was completely excised in 128 patients and partially 
excised in 15. In 14 patients the cyst was marsupialized. 
Five patients were found to have malignant cysts. Ten 
cysts recurred, requiring a second operation. Five of these 
recurrences occurred in the 23 patients (22%) whose cysts 
were retroperitoneal in location (p < 0.001). There were 


-three deaths (2%). __ 


The 162 patients were divided into two groups. Patients 
below the age of 10 years numbered 64 and those in the 
older group numbered 98. The mean ages were 3.9 and 
39.1 years, respectively. Sixty-three per cent of the patients 
in the younger group were males, while only 38% were 
male in the older group (p < 0.01). The duration of symp- 
toms was 2.2 months and 9.8 months, respectively (p 
< 0.01). Abdominal distention was present in 61% of the 
younger group and 47% of the older group (p = NS). 
Abdominal pain was present in approximately 62% of 
patients in each group. The correct preoperative diagnosis 
was made in 11 of 48 patients (23%) in the younger group 
and in 19 of 74 (26%) in the older group (p = NS). 

The cyst was completely excised in 95% of the patients 
in the younger group and 86% in the older group (p = NS). 
In the younger group 18 of the 29 patients (62%) for whom 
this information was known were treated as surgical 
emergencies, while only nine of the 30 patients (30%) in 
the older group (p < 0.01) were so treated. 

The locations of the cysts in the younger group were 


' different from those in the adults. In 45 of the 58 patients 


(78%) who were under the age of 10 for whom this infor- 
mation is known, the cyst was located in the small bowel 
mesentery, in nine (15%) in the large bowel mesentery, 
and in four (7%) it was retroperitoneal. Similarly, for the 
older group, in 47 (51%) of the 92 patients for whom this 
information is known, the cyst was located in the small 
bowel mesentery, in 28 (30%) in the large bowel mesen- 
tery, and in 18 (19%) it was retroperitoneal. This difference 
in distribution was statistically significant (p < 0.01). A 
bowel resection was done in 29 of the 51 patients (57%) 
in the younger group and in 27 of the 83 patients (33%) 
in the older group (p < 0.01). The cyst was marsupialized 
in 5% of the patients in the younger age group and in 15% 
of the older patients (p = NS). There was only one re- 
currence in 55 patients (2%) in the younger group, while 
there were nine recurrences out of 84 patients (11%) in 
the older group (p < 0.05). The cysts in the younger group 
had a mean diameter and volume of 13.0 cm and 1732 
cc, while the results for the older group were 13.3 and 
2300, respectively (p = NS). There were three surgical 
mortalities in the older group of patients (p = NS).. All 
five of the patients with the malignant cysts were in the 


_ older age group (p = 0.06). 
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TABLE 1. Statistically Significant Differences between the Patients 
with Retroperitoneal and Mesenteric Cysts 


Retroperitoneal  Mesentery p 

Total number cf patients 23 139 
Average age (years) 40 (23)* 23 (139) <0.001 
Number of emergency 

operations 0 (5) 27 (54) <0.05 
Number of second 

operations 9 (23) 6 (133) <0.001 
Number of recurrences 5 (21) 5(119) <0.001 
Number cysts 

completely excised 12 (22) 116 (121)  <0.001 
Number of cysts 

marsupialized 10 (22) 4(116) - <0.001 
Number of bowel 

resections 0 (20) 56 (114) <0.001 


* Total number of patients in whom this observation is known. 


The 162 patients were also divided in two groups based 
on the location of the cyst. There were 23 patients with 
retroperitoneal cysts and 139 with mesenteric cysts. The 
statistically significant differences are listed in Table 1. 


` Two of the five malignant cysts were in the retroperitoneal 


group. The volume and diameter of the retroperitoneal 
cysts were 2331 cc and 13.5 cm, while the mesenteric 
cysts were 2080 and 13.2, respectively. The correct di- 
agnosis was made before operation in about 22% of each 
group. Abdominal pain was present in 43% of the patients 
with retroperitoneal cysts and in 51% of the patients with 
mesenteric cysts. Similarly, the incidences’ of abdominal 
pain were 49 and 60%, respectively (p = NS). 


Discussion 


There are no pathonomonic signs or symptoms for ret- 
roperitoneal or mesenteric cysts.'!~!? The clinical history 
and findings on the physical examination may suggest the 
possibility of a cyst, but usually the diagnosis is made by 
the exclusion of other diagnoses.'? Abdominal pain and 
abdominal distention were each present in more than 50% 
of the cases. Although these findings are nonspecific, when 
the patient also presents with a long duration of symptoms 
(6.6 months), the clinical diagnosis of a cyst should be 
considered. The correct preoperative diagnosis was made 
in only 25% of the reported cases. With a high index of 
suspicion and the use of ultrasonic imaging and computed 
tomography, the correct diagnosis should be made in 
nearly every case. 

There were approximately equal numbers of males and 
females in the study when all the cases were considered. 
When the patients were divided into the two groups based _ 
on age, there was a statistically significant increase in the 
number of male patients in the younger group. There 
seems to be no obvious reason for this difference. 

The surgical treatment of choice for retroperitoneal, 
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and mesenteric cysts is complete enucleation.'*!* If this 
cannot be accomplished, then the next best alternative 
would be excision of the cyst with, if necessary, the re- 
section of a portion of the adherent bowel. The last ac- 
ceptable choice would be marsupialization of the cyst. 
Partial excision or simple drainage of the cyst usually re- 
sults in a recurrence. 

There is a statistically significant correlation between 
the recurrence of the cyst and location. Five of the 10 
recurrences occurred in the patients with retroperitoneal 
cysts. There is no correlation between age, duration of 
symptoms, diameter, or volume of the cyst, and recur- 
rence. There were, however, no emergency operations 
done in the group of statistically older patients with the 
retroperitoneal cysts. Retroperitoneal cysts are technically 
more difficult to excise completely because of their prox- 
imity to major blood vessels and other organs, and, there- 
fore, a recurrence is much more likely. Furthermore, the 
borders of these retroperitoneal cysts are not as well de- 
fined. These technical difficulties are the probable expia- 
nation for the statistical difference between these two 
groups with respect to the number of second operations, 
recurrences, rate of marsupialization, and the number of 
bowel resections performed. There was only one death 
reported in patients with retroperitoneal cysts. 

Analysis of the younger patients in this series shows 
that they have a shorter duration of symptoms and are 
more likely to present as surgical emergencies. Although 
the average size and volume of the cysts are identical for 
both groups of patients, there were fewer retroperitoneal 
cysts in the younger group. This resulted in a higher re- 
sectability rate and a significantly lower recurrence. 

The incidence of malignant cysts was 3%. All cancers 
were found in adults. There was no difference in the du- 
ration of symptoms or presentation of these patients. Also, 
size and location of the malignant cysts was identical to 
the benign cysts. It is not possible to tell from the reported 
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data whether malignant cysts originate from previously 
benign cysts or arose de novo. 

In conclusion, retroperitoneal cysts and mesenteric cysts 
should be regarded as separate clinical entities. They are 
significantly different with respect to complications and 
recurrences. Retroperitoneal cysts are often incompletely 
excised and require multiple operations. These cysts are 
more likely to require marsupialization. This treatment 
is less than ideal and results in a continuously draining 
fistula. Whenever possible, a complete excision should be 
performed. 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space also is available for 
those desiring greater visibility or more space for their 
message. 

Classified ad copy, like other advertising copy, will be 
reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The 
average line will be 40 characters. 


Box Numbers: Replies may be directed via Box # to 
J.B. Lippincott Company, atan extra charge per insertion 
of $6.50 to cover handling costs in iri a such 
replies to the advertiser. 


How to Order: Send typewritten text copy for the ad 
with remittance in full to: 
ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kim McLean 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4280 


Deadline: Copy received by the 15th of month will run 
in the second following month's issue, e.g. November 
15th for January issue. Ads received after the 15th will run 
in the next available issue. 


CHAIRPERSON DEPARTMENT OF SURGERY The Per- 
manente Medical Group is taking applications for the position 
of chairperson for the Department of Surgery at our Oakland 
Medical Center. The Oakland facility is a 330-bed acute care 
teaching hospital with a five-year general surgery residency 
program. The Surgery Department is composed of seven board 
certified general surgeons; two having completed vascular fel- 
lowships. Interested candidates must be board certified and 
prior experience with resident training programs preferred. 
Please send curriculum vitae to: Richard Brown, M.D., Chair- 
man, Search Committee, Kaiser Permanente Medical Group, 
Inc., 280 W. McArthur Bivd., Oakland, California 94611. 


Microsurgery/Ptastic Surgery Research Fellowship available 
July 1, 1986. One year program in the Dept. of Plastic & 
Reconstructive Surgery, Medical College of Wisconsin, Mik 
waukee. Board eligibility in general or plastic surgery required. 
Write or call Hani Matloub, MD, Director of Microsurgery, 
9200 W. Wisconsin Avenue, Milwaukee, WI 53226, 414-259- 
3096. 





SURGEON Position available in a multi-specialty group'for a 
General Surgeon with thoracic experience. Please contact Betty 
Bochmke, Administrator, at the Kishwaukee Valley Medical 
Group, S.C., 13707 West Jackson Street, Woodstock, Mlinois 
68098. 


~ GENERAL SURGEON: Board-certified /Board-cligible with 


interest or fellowship in surgical oncology to join expanding 
department in multispecialty group practice, serving fee-for- 
service and prepaid patients in Central Massachusetts. Send 
C.V. to: Medical Director, Fallon Clinic, Inc., 630 Plantation 
Street, Worcester, Massachusetts 01605. 












Chief of 
Worcester City Hospital seeks a candidate 
for the full-time position of Chlef of Surgery. 
The hospital is a major affiliated teaching 
hospital of the University of Massachusetts 

Medical School, with 303.beds and serving 
a largely urban population. It provides a full 
range of services including an active 
Outpatient Department with over 78,932 


visits per year as well as a busy Emérgency 
Room. Responsibilities for Chief of Surgery 





will include supervision of surgical residents 


from the University of Massachusetts Sur- 
gical Training Program as well as direction 
of the Surgical Department. The applicant 
should have strong clinical skills as well as 
the ability to provide academic and admini- 
strative leadership. Board certification in 
surgery is required. 
Send resume to: 
Robert A. Johnson, 
Administrator 


WORCESTER 
CITY HOSPITAL 


26 Queen Street, Worcester, MA 01610 
An Equal Oportunity, Affirmative Action Employer 


SPECIAL FELLOWSHIP IN PEDIATRIC CARDIOVAS- 
CULAR SURGERY currently available at Deborah Heart and 
Lung Center. Program provides extensive surgical and clinical 
exposure, Excellent salary and fringe benefits. Please send cur- 
riculum vitae with inquiry to Lorenzo Gonzalez-Lavin, M.D., 
Chairman, Thoracic and Cardiovascular Surgery, Deborah 
Heart and Lung Center, Browns Mills NJ 08015. 


GENERAL-VASCULAR SURGEON BC/BE American 
trained to join 2 man private practice in the Capital- 
District/ Upstate N.Y. Salaried position leading to early 
partnership. Send CV to Box #AN1/86A J.B. Lippincott Coni- 
pany, East Washington Square, Philadelphia, PA 19105. 


GENERAL SURGEON NEW YORK STATE — Rapidly 
expanding, well established HMO currently serving over 65,000 
members is seeking Board Certified, or Eligible, General Sur- 
geons. Our multispecialty staff, which includes Internal 
Medicine, Family Practice, Pediatrics, OB/GYN, Orthopedics, 


- ENT and others, is affiliated with teaching hospitals and a 


medical center, and potential exists for teaching opportunities. 
CHP is located in New York State’ capital district, an educa- 
tional center within easy reach of Boston, Montreal and New 
York City. The area offers a variety of residential styles and 
abundant cultural and recreational options. Professionals enjoy 
attractive salary and fringe benefits. Address inquiries to Stan- 
ley E. Kilty, MLD., Medical Director, Community Health Pitan, 
Inc., 1201 Troy-Schenectady Road, Latham, New York 12110. 
Phone: (518)783-3110. 








NOTICE OF OPEN POSITION CHAIRPERSON OF THE 
DEPARTMENT OF SURGERY UNIVERSITY OF KAN- 
SAS SCHOOL OF MEDICINE The University of Kansas 
School of Medicine announces its search for a new Chairperson 
of the Department of Surgery. The new Chairperson will be 
expected to provide leadership and direction of the academic 
and service programs. Minimal qualifications include activity 
in: 1. Departmental administration duties; 2. Strong clinical 
orientation; 3. Research leadership; 4. Service experiences. The 
Department of Surgery conducts educational, research and ser- 
vice activities which extend over the areas of general surgery 
(including vascular and oncologic), urology, orthopedic, plas- 
tic, neurological and pediatric surgery. The University of 
Kansas is an equal opportunity/affirmative action employer. 
Letters of nomination or interest in the open position should be 
sent before December 31, 1985 to Charley Norris, M.D., Chair- 
person of the Surgery Search Committee, Department of 
Otolaryngology, School of Medicine, University of Kansas 
Medical Center, 39th and Rainbow Boulevard, Kansas City, 
Kansas 66103. 


Assistant Professor/Associate Professor/ Professor — General 
Surgery. M.D. Degree required. Board certified or eligible. 
Clinical, teaching and research responsibilities in general 
surgery. Application deadline: 4/1/86; starting date 1/01/87. 
Salary: negotiable. Contact: K.I. Bland, M.D., Box J-286 
JHMHC, University of Florida, Gainesville, Florida 32610. 
Equal Employment Opportunity/ Affirmative Action 
Employer. 





The Department of Surgery, Stanford University, School of 
Medicine is searching for a well-qualified individual to head a 
newly developing Trauma Program. This position will be at the 
rank of either Assistant, Associate or Full Professor depending 
upon the qualifications of the individual. It will be located at the 
University Hospital, which is now seeking designation as a 
Trauma Center in Santa Clara County. The individual should 
have special training or expertise in the area of trauma and a 
clear committment to investigative work and teaching as well as 
to clinical care. It is anticipated that a general surgeon would be 
most appropriate for this position, but other specialties will be 
considered as appropriate. Letters of inquiry and curriculum 
vitae should be sent to Harry A. Oberhelman, Jr., M.D., Divi- 
sion of General Surgery, 5-067, Stanford University Medical 
Center, Stanford, California 94305. Stanford is an equal oppor- 
tunity employer and welcomes nominations of women and 
minority group members and applications from them. 


PERIPHERAL VASCULAR SURGEON Denver General 
Hospital in cooperation with the Department of Surgery at the 
University of Colorado Health Sciences Center, is seeking an 
experienced peripheral vascular surgeon. Preference for selec- 
tion will be given to candidates with research experience. The 
academic position will be as an Assistant or Associate Profes- 
sor. Salary is negotiable. Minorities and women are encouraged 
to apply. The City and County of Denver is an equal 
opportunity; affirmative action employer. Send curriculum 
vitae and bibliography to: Ernest E. Moore, MD, Chief, Depart- 
ment of Surgery, Denver General Hospital, 777 Bannock 
Street, Denver, Colorado, 80204-4507, 303-893-7045. 





PROFESSIONAL RESUME SERVICES. Curriculum vitae 
preparation for physicians. Prompt and confidential, Mailing 
services available. Call toll free. 1-800-6-CA REER. In PA, (215) 
433-4112. 





ainst cancer 
i ) p 
in your kitchen. 
There is evidence that 
diet and cancer are related. 
Follow these modifications in 
vour daily diet to reduce 
chances of getting cancer: 
1. Eat more high-fiber foods 
such as fruits and vegetables 
and whole-grain cereals. 
2. Include dark green and 
deep yellow fruits and vegeta- 
bles rich in vitamins A and C. 
3. Include cabbage, broccoli, 
brussels sprouts, kohIrabi and 
cauliflower. 
4. Be moderate in consump- 
tion of salt-cured, smoked, and 
nitrite-cured foods. 
5. Cut down on total fat in- 
take from animal sources and 
fats and oils. 


6. Avoid obesity. 

7. Be moderate in consump- 

tion of alcoholic beverages. 
No one faces cancer alone. 


9 AMERICAN CANCER SOCIETY 
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MAINTAINS ACID CONTROL FOR 
AT LEAST 6 HOURS* 


Zantac Injection 50 mg main- ZANTAC INJECTION FROVIDES RAFID 
tains a high pH and low volume AND LONG-TERM DECREASE IN i 
of gastric acid secretion for ACID VOLUME AND INCREASE IN pH ‘A 
at least 6 hours. In 8 nor- 

mal volunteers given 460 mg lela 

ranitidine intravenously, 
betazole-stimulated gastric 
secretion was inhibited up to 
99%.2 (The usual dosage is 50 
mg IV qé6é-8h. ) 
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*It is not known exactly how 
much inhibition of gastric 
acid secretion is required to 
heal ulcers. 
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Effect of ranitidine 50 mg IV 
on the pH and volume of gastric 
aspirate in 12 healthy 
volunteers during a é-h test 
period (mean values + SEM)! 
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INCREASES GASTRIC pH 
WITHIN 45 MINUTES 


The gastric aspirate reached a pH of more 
than "S" in 12 normal volunteers only 

45 minutes after SO mg ranitidine IV was 
administered. 


DOSAGE: 50 MG(2 ML) qé TO 8 HOURS 


EASY TO ADMINISTER: 


INTRAMUSCULAR INJECTION: SO mg (2 ml) qó 
to 8 hours (no dilution necessary) 


INTRAVENOUS INJECTION: SO mg (2 ml) qó 
to 8 hours, in a compatible IV solution to 
a total volume of 20 ml 


INTERMITTENT INTRAVENOUS INFUSION: 
50 mg (2 ml) qé to 8 hours in 100 ml of 
compatible IV solution 


Please see next page for IV solution 
compatibility data. 


Gi; VOED See next page for references and a 
AXO A brief summary of product information. 
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ZANTAC* INJECTION (ranitidine hydrochloride) 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: ZANTAC* Injection is indicated: 

In some hospitalized patients with pathological hypersecretory conditions or intractable 
duodenal ulcers, or as an alternative to the oral dosage form for short-term use in patients 
who are unable to take oral medication. 

CONTRAINDICATIONS: ZANTAC® is contraindicated for patients known to have hyper- 
sensitivity to the drug. 

PRECAUTIONS: General: 

1, Symptomatic response to ZANTAC® therapy does not preclude the presence of gastric 
malignancy. 

2. Since ZANTAC is excreted primarily by the kidney, dosage should be adjusted in 
patients with impaired renal function (see DOSAGE AND ADMINISTRATION). Caution 
should be observed in patients with hepatic dysfunction since ZANTAC is metabolized in 
the liver. 

3. In controlled studies in normal volunteers, elevations in SGPT have been observed 
when H3 antagonists have been administered intravenously at greater than recommended 
doses for 5 days or longer. Therefore, it seems prudent in patients receiving IV ranitidine 
at doses greater than or equal to 100 mg qid for periods of 5 days or longer, to monitor 
SGPT daily (from day 5) for the remainder of IV therapy. 

Laboratory Tests: False positive tests for urine protein with Multistix® may occur during 
ZANTAC therapy, and therefore testing with sulfosalicylic acid is recommended. 

Drug Interactions: Although ZANTAC has been reported to bind weakly to cytochrome P- 
450 in vitro, recommended doses of the drug do not inhibit the action of the cytochrome 
P-450-linked oxygenase enzymes in the liver. However, there have been isolated reports 
of drug interactions which suggest that ZANTAC may affect the bioavailability of certain 
drugs by some mechanism as yet unidentified (eg, a pH-dependent effect on absorption 
or a change in volume of distribution) 

Carcinogenesis, Mutagenesis, Impairment of Fertility: There is no indication of tumori- 
genic or carcinogenic effects in lifespan studies in mice and rats at oral doses up to 2000 
mg/kg/day. 

Ranitidine was not mutagenic in standard bacterial tests (Sa/monella, E coli) for 
mutagenicity at concentrations up to the maximum recommended for these assays. 

In a dominant lethal assay a single oral dose of 1000 mg/kg to male rats was without 
effect on the outcome of 2 matings per week for the next 9 weeks. 

Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed 
in rats and rabbits at oral doses up to 160 times the human oral dose and have revealed 
no evidence of impaired fertility or harm to the fetus due to ZANTAC. There are, however, 
no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers: ZANTAC is secreted in human milk. Caution should be exercised when 
ZANTAC is administered to a nursing mother. 

Pediatric Use: Safety and effectiveness in children have not been established. 

Use in Elderly Patients: Ulcer healing rates in elderly patients (65-82 years) treated with 
oral ZANTAC were no different from those in younger age groups. The incidence rates for 
adverse events and laboratory abnormalities were also not different from those seen in 
other age groups. 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injections has been 
reported. Transient local burning or itching has been reported with intravenous adminis- 
tration of ZANTAC®. 

The following have been reported as events in clinical trials or in the routine manage- 
ment of patients treated with oral ZANTAC. The relationship to ZANTAC therapy has been 
unclear in many cases. Headache, sometimes severe, seems to be related to ZANTAC 
administration. 

Central Nervous System: Rarely, malaise, dizziness, somnolence insomnia and vertigo. 
Rare cases of reversible mental confusion, agitation, depression énd hallucinations have 
been reported, predominantly in severely ill elderly patients. 
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Cardiovascular: Rare reports of tachycardia, bradycardia, premature ventricular beats 
Gastrointestinal: Constipation, diarrhea, nausea/vomiting, abdominal discomfort/pain 
Hepatic: In normal volunteers, SGPT values were increased to at least twice the pre- 
treatment levels in 6 of 12 subjects receiving 100 mg qid IV for 7 days, and in 4 of 24 
subjects receiving 50 mg qid for 5 days. With oral administration there have been 
occasional reports of reversible hepatitis, hepatocellular or hepatocanalicular or mixed, 
with or without jaundice. 

Musculoskeletal: Rare reports of arthralgias 

Hematologic: Rare reports of reversible leukopenia, granulocytopenia, thrombocytopenia 
and pancytopenia 

Endocrine: Controlled studies in animals and man have shown no stimulation of any 
pituitary hormone by ZANTAC (ranitidine hydrochloride), no anti- androgenic activity, and 
cimetidine-induced gynecomastia and impotence in hypersecretory patients have 
resolved when ZANTAC was substituted. However, occasional cases of gynecomastia, 
impotence and loss of libido have been reported in male patients receiving ZANTAC, but 
the incidence did not differ from that in the general population 

Integumental: Rash and, rarely, alopecia. 

Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosino 
philia), small increases in serum creatinine 

OVERDOSAGE: There is no experience to date with deliberate overdosage. Clinical moni 
toring and supportive therapy should be employed. 

Studies in dogs receiving doses of ZANTAC® in excess of 225 mg/kg/day have shown 

muscular tremors, vomiting, and rapid respiration. Single oral doses of 1000 mg/kg in 
mice and rats were not lethal. Intravenous LDso values in rat and mouse were 83 mg/kg 
and 77 mg/kg, respectively. 
DOSAGE AND ADMINISTRATION: Parenteral Administration: In some hospitalized 
patients with pathological hypersecretory conditions or intractable duodenal ulcers, or in 
patients who are unable to take oral medication, ZANTAC* may be administered paren 
terally according to the following recommendations: 

Intramuscular Injection: 50 mg (2 mi) every 6-8 hours. (No dilution necessary.) 

Intravenous Injection: 50 mg (2 m!) every 6-8 hours. Dilute ZANTAC Injection, 50 mg, 
in 0.9% Sodium Chloride Injection or other compatible IV solution (see Stability of 
ZANTAC Injection) to a total volume of 20 ml and inject over a period of not less than 5 
minutes. 

Intermittent Intravenous Infusion: 50 mg (2 ml) every 6-8 hours. Dilute ZANTAC 
Injection, 50 mg, in 100 ml of 5% Dextrose Injection or other compatible IV solution (see 
Stability of ZANTAC Injection) and infuse over 15-20 minutes. In some patients it may 
be necessary to increase dosage. When this is necessary, the increases should be made 
by more frequent administration of a 50 mg dose, but generally should not exceed 400 
mg per day. 

Dosage Adjustment for Patients with Impaired Renal Function: On the basis of experience 
with a group of subjects with severely impaired renal function treated with ZANTAC, the 
recommended dose in patients with a creatinine clearance less than 50 ml/min is 50 mg 
every 18-24 hours. Should the patient's condition require, the frequency of dosing may 
be increased to every 12 hours or even further with caution. Hemodialysis reduces the 
level of circulating ranitidine. Ideally, the dosage schedule should be adjusted so that the 
timing of a scheduled cose coincides with the end of hemodialysis. 
Stability of ZANTAC Injection: ZANTAC Injection is stable for 48 hours at room tempera- 
ture when added to or diluted with most commonly used intravenous solutions, eg, 0.9% 
Sodium Chloride Injection, 5% Dextrose Injection, 10% Dextrose Injection, Lactated 
Ringer's Solution, or 5% Sodium Bicarbonate Injection. 
Note: Parenteral drug products should be inspected visually for particulate matter and 
discoloration prior to administration wherever solution and container permit. 
HOW SUPPLIED: ZANTAC® Injection, 25 mg/ml, is available in 2 ml single dose vials in 
boxes of 10 (NDC 0173-0362-38) and in 10 mI multi-dose vials (NDC 0173-0363-39) 
Store below 30°C (86°F). Protect from light. 
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June 3, 1985 
Dear Editor: 


I have read, with considerable interest, the article on “A Four- 
Year Experience with Splenectomy Versus Splenorrhaphy” by 
David Feliciano et al. in the May 1985 issue of Annals of Surgery. 
I would particularly like to comment on the published remarks 
made by Dr. Feliciano in closing the discussion on the article. 

In his remarks, Dr. Feliciano, responding to questions on the 
observation of splenic injuries in adults, states that there is a 
series of such patients reported from Cook County Hospital. In 
support of this, he quotes our article “Splenic Preservation in 
Adults after Blunt and Penetrating Trauma” (Am J Surg 1983; 
145:313-317). 

I would like to correct the impression that Dr. Feliciano cre- 
ated that we at Cook County Hospital observe splenic injuries 
in adults. This is not so. Our article describes our results with 
operative repair of splenic injuries in adults. We do not now 
advocate, and never have advocated, observation of such injuries 
in adults. In fact, we support strongly the view that all such 
injuries should be explored even if the patient is hemodynam- 
ically stable. We feel that observation of such injuries is hazard- 
ous—a view supported by others (Malangoni MA, Levine AW, 
Droege EA, et al. Management of Injury to the Spleen in Adults. 
Ann Surg 1984; 200:702-705). 

I would very much appreciate it if the impression created by 
Dr. Feliciano’s remarks could be corrected. 


JOHN BARRETT, M.D. 
Chicago, Illinois 


July 3, 1985 
Dear Editor: 


I apologize to Dr. Barrett for misrepresenting the Cook County 
Trauma Unit’s approach to splenic injuries. 


DAVID V. FELICIANO, M.D. 
Houston, Texas 


June 25, 1985 
Dear Editor: 


Dr. Gardener’s letter appearing in the April 1985 issue of 
Annals of Surgery concerning discriminant analysis deserves a 
response. Discriminant analysis is an extraordinarily useful sta- 
tistical tool for interpreting data from retrospective studies. This 
method selects, weights, and linearly combines discriminating 
variables to separate statistically a population into two (or more) 
groups. Most studies involving discriminant analysis have been 
performed in an attempt to identify critical “risk” variables, 
allowing data to be stratified and compared between institutions. 
With multiple linear regression analysis, discriminant analysis 
can and has been used to provide quantitative data predicting 
survival. From these data one can also identify groups of high- 
risk patients in whom standard treatment consistently fails. 
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Dr. Gardener has focused on a potential abuse of discriminant 
data, that of denying care to such high-risk patients. In the past, 
the decision as to whether a patient was hopelessly ill was made 
by the physician, often based on subjective data. Discriminant 
analysis offers the objective data of past performance. While this 
piece of information is useful in combination with other aspects 
of clinical judgment in developing an overall therapeutic plan, 
it should not be the sole determinant of whether or not a surgeon 
operates. The result of denying treatment to patients based on 
a retrospectively determined statistical formula would be a self- 
fulfilling prophecy and would ultimately lead to stagnation in 
the practice of surgery. 

Rather than being used to deny care to patients, the results 
of a discriminant analysis could be used to explore new thera- 
peutic alternatives with an equal or better chance of success. 
Discriminant analysis has much to commend it for investigating 
surgical problems. However, using discriminant data out of con- 
text to prospectively deny high-risk patients any treatment is 
unethical. There is potential for misuse of these statistics, and 
for this reason I completely agree with Dr. Gardener that it is 
not the hospital administrator or bureaucrat that should arbitrate 
surgical judgment. 


ERIC B. RyYPINS, M.D. 
Irvine, California 


August 19, 1985 
Dear Editor: 


The recent article by Critchlow, Shapiro, and Silen' proposes 
an interesting new operation for the surgical management of 
problems related to duodenal diverticula. The need for a new 
approach is based on the assumption that the common duct 
often empties directly into the diverticulum, thereby making 
diverticulectomy difficult, and on the further assumption that 
the mortality rate associated with diverticulectomy is high. We 
have had a continuing interest in this problem since our first 
diverticulectomy for obstructive jaundice in 1959? and our sub- 
sequent demonstration of a high incidence of gallstones in pa- 
tients with juxtapapillary diverticula.* Our experience with 11 
diverticulectomies, together with other reports in the literature, 
suggests that neither of the authors’ assumptions is tenable. 

To support their contention that operative mortality after 
diverticulectomy is high, Critchlow and coauthors cite a single 
reference from 1952, which reported two deaths in 25 operations. 
Because few recent reports document experience with more than 
a handful of cases, it is difficult to be certain of the current risk 
of the procedure. However, Pinotti et al.* have reported 12 di- 
verticulectomies without mortality and Iida has recorded 14 
diverticulectomies without a death; both authors used an intra- 
duodenal approach. We have, with only one exception, used the 
extraduodenal approach and have had no deaths in our series 
of 11 diverticulectomies. 

Whether the common duct ever empties directly into a di- 
verticulum is open to question, but it certainly does not do so 
very often. In fact, in two pertinent articles cited by Critchlow, 
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such an arrangement was definitely ruled out in 40 of the 42 
cases in one report® and in all 8 of the cases in the other.’ In 
none of our 11 patients did the duct empty into the diverticulum. 
Reports of such an anatomical arrangement are usually based 
on evidence obtained during cholangiography, and the resulting 
two-dimensional films are easily subject to misinterpretation. 
We, ourselves, were misled several times when intraoperative 
cholangiography suggested direct communication between duct 
and diverticulum. Upon dissection of the diverticulum, however, 
in each instance its mouth was found to be adjacent to the papilla. 
Apparently the opaque dye had spilled from the papilla into the 
mouth of the diverticulum, opacifying the diverticulum; since 
the radio-opaque diverticulum lay directly behind the ampulla 
it obscured the distal common duct and ampulla on the resulting 
roentgenogram, giving the illusion of direct entry of duct into 
diverticulum. In point of fact, it is difficult to imagine how the 
distal common duct, surrounded by a sphincter muscle that is 
intimately involved with the muscularis of the duodenum, could 
migrate out onto the wall of an acquired mucosal diverticulum. 

Only a very small proportion of duodenal diverticula cause 
symptoms, but a diverticulum can cause jaundice, pancreatitis, 
pain similar to that of biliary tract disease, perforation, or hem- 
orrhage. When any of these problems are encountered, we urge 
the direct approach, diverticulectomy. As shown cinematically 
in three cases,® exposure of the diverticulum is easy and its ex- 
cision can be carried out relatively quickly. If one uses care in 
avoiding the distal common duct and ampulla (we usually pass 
a probe or a catheter through the common duct into the duo- 
denum for easy identification during the diverticulectomy), the 
operation can be done with safety and without need for the two 
anastomoses, the duodenal stump closure, and the extensive 
anatomic rearrangement advocated by Critchlow. 


JOHN LANDOR, M.D. 
Shiprock, New Mexico 
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October 10, 1985 
Dear Editor: 


We appreciate Dr. Landor’s comments and applaud his suc- 
cess with this difficult problem. Discerning the precise anatomy 
and demonstrating where the common duct empties in relation 
to the diverticulum by cholangiography does have its pitfalls. 
However, we and our endoscopist colleagues have been im- 
pressed with the very close association of the ampulla and most 
diverticula at endoscopy and have seen cases where the ampulla 
lies within the lip of the diverticulum. Whether the duct empties 
directly into the diverticulum or is simply very closely applied 
to it, a direct attack on the diverticulum via an intraduodenal 
or extraduodenal approach is still somewhat hazardous. An ex- 
traduodenal approach to a large diverticulum buried in the head 
of the pancreas is potentially quite dangerous. We know of several 
disastrous complications of such an approach, and it is likely 
that most such cases are not reported. Similar concerns were 
echoed by several viewers of a Cine Clinic presentation shown 
at the American College of Surgeons meeting a few years ago. 
Although duodenojejunostomy involves more anastomoses and 
a duodenal stump closure, these are performed in normal in- 
testine and are straightforward and not particularly time con- 
suming. 

If there was an ideal operation for this problem, we would all 
be doing it. We have described an approach which in our hands 
seems more safe; Dr. Landor is satisfied with his method. There 
is more than one way to skin a cat, but we believe duodenoje- 
junostomy to be safer for the cat and easier on the coronaries 
of the skinner. 


JONATHAN F. CRITCHLOW, M.D. 
MICHAEL E. SHAPIRO, M.D. 
WILLIAM SILEN, M.D. 

Boston, Massachusetts 
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New 6th Edition! Te Linde’s OPERATIVE 
GYNECOLOGY Richard F. Mattingly, M.D., and John 


D. Thompson, M.D., Editors. 20 Contributors. The standard -reference 
through five editions, now even better! This new 6th Edition remains 
unsurpassed in the scope of its coverage. Encyclopedic information, 
superb illustrations. New in the 6th Edition: psychosocial aspects of 
pelvic surgery, professional liability of the gynecologic surgeon, 
benign and malignant diseases of the breast, leiomyomata uteri and 
abdominal hysterectomy for benign disease, pelvic inflammatory 
disease (including a new section on septic shock), surgical manage- 
ment of abortion. ‘*. . . ‘The Bible’ of every gynecological surgeon.” 
—Bulletin of the Johns Hopkins Hospital. 960 pages. 410 illustra- 
tions, 8 in full color. 94 tables. 6th edition, 1985. 65-06729. $95.00 


New 3rd Edition! PATHOLOGY IN 


GYNECOLOGY AND OBSTETRICS 

Claude Gompel, M.D., F.1.A.C., and Steven G. Silverberg, M.D. 

7 Contributors. Histology and cytology! The morphologic aspects of 
gynecologic and obstetric pathology plus the clinical information 
necessary to interpret the pathological evidence. Completely updated 
and revised. Two new chapters: the female perineum, extragenital 
pathology in gynecology and obstetrics. New material on maternal 
death (forensic pathology); specimen handling and collection; the 
breast, placenta, and cytogenetics in gynecologic pathology. Many 
new color illustrations; extensive and up-to-date bibliography. `. . . 
a fine, succinct, integrated, well-thought-out volume.''—JAMA. 
720 pages. 664 illustrations. 80 color figures on 24 plates. 31 tables. 
3rd edition, 1985. 65-07750. $87.50 


New! Exposure of the Pregnant 
Patient to Diagnostic Radiation: 
A Guide to Medical Management Louis K. Wagner, Ph.D., 
Richard G. Lester, M.D., and Luis R. Saldana, M.D. A unique guide, 
providing the physician with guidelines for knowledgeable decisions 
regarding the proper management of pregnant or possibly pregnant 
patients. Information about radiations used in diagnostic radiological 
procedures; radiological data that are needed to assess the risks for 
pregnant women; information on the known risks for unborn children; 
he guidelines to manage and counsel women and their families. Con- 
siders x-rays, radioisotopes, ultrasound, and magnetic resonance. 
Flow charts. about 215 pages. 36 illustrations. 28 tables. 1985. 
65-08337. $32.50 


SIGNS & SYMPTOMS 


IN DISORDERS OF PREGNANCY 

Edward H. Bishop, M.D., and Robert C. Cefalo, M.D., Ph.D., Editors. 
20 Contributors. Presents an up-to-date, in-depth description of those 
signs and symptoms which occur during pregnancy and represent 
actual or potential pathologic states, distinguishing between those 
maternal and fetal signs and symptoms that may be early pathog- 
nomic indicators from those that are physiologic responses to 
pregnancy. Differential diagnosis emphasized. Physical, psycho- 
logical, and social problems of pregnancy. Practical outline format. 
188 pages. 15 illustrations. 13 tables. 1983. 65-07248. $29.50 


SIGNS & SYMPTOMS 


IN GYNECOLOGY 
Ben M. Peckham, M.D., Ph.D., and Sander S. Shapiro, M.D., 
Editors. 34 Contributors. A unique diagnostic reference, easy to 

x understand and logically organized. Provides the practitioner with a 
wide range of gynecologic signs and symptoms, plus an encyclopedic 
list of conditions responsible for these. Exhaustive differential diag- 
nosis lists, diagnostic protocols. Exceptionally useful as a quick refer- 


ence. 478 pages. 115 illustrations. 32 tables. 1983. 65-06414. $36.50 i ke kE a HT 


l Please send me for 30 days’ On-Approval Examination 


! _ Copy(ies) of Abortion Practice (65-07727) @ $39.50 


i City/State/Zip 


l L Bill me (plus postage & handling) 


i payment. Prices quoted in U.S. funds and subject to change. Orders subject to the approval of Lippincott 


The Medical Management of 
Menopause and Premenopause: 

Their Endocrinologic Basis Winnifred Cutler, Ph.D., and 
Celso-Ramon Garcia, M.D. There is no other book in the field like this 
one for the health care of all women over 35 as well as younger 
women who face the prospect of a hysterectomy. By a biologist and a 
gynecologist, both active scientific investigators. New research find- 
ings on. preservation of the ovary at hysterectomy; the well-being 
concept and well-being deficits; premenstrual tension and depression; 
sexual deficits and estrogen decline; uterine pathology; premature 
menopause; hormone replacement therapy and dosage. 288 pages. 
93 illustrations. 25 tables. 1984. 65-07966. $27.50 


AMBULATORY 

GYNECOLOGY 

David H. Nichols, M.D., and John R. Evrard, M.D., Editors. 37 Con- 
tributors. State-of-the-art data, especially valuable for the seasoned 
practitioner. Prevention, diagnosis, and therapy for menstrual dys- 
function, pelvic pain, sexually transmitted diseases, infertility, contra- 
ception, genetic counseling, urologic problems, breast disease and 
gynecologic cancer detection, pediatric and adolescent gynecologic 
problems, much more. New modalities in colposcopy, lasers, 
endoscopy, cryosurgery, Medicolegal concerns. 550 pages. 143 illus- 
trations, 35 in full color. 1984. 14-18151. $35.00 


ABORTION 

PRACTICE 

Warren M. Hern, M.D., M.P.H. 1 Contributor. \ntegrating clinical and 
public health aspects, with emphasis on operative technique to 
ensure patient safety. Covers the entire field of abortion practice in 
the U.S. today—counseling, patient management, staffing and staff 
attitudes, operative procecures and techniques, prevention and 
management of complications, legal and administrative aspects, com- 
munity relations. 340 pages. 59 illustrations. 3 full-color plates. 

16 tables. 1984. 65-07727. $42.50 
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ONE SINGLE DOSE 
FIVE DISTINCT BENEFITS 


96% Clinical Efficacy” 
with a Single Dose’* 


High and Prolonged 
Serum and Tissue Levels 


Sustained, 24-Hour 


Antimicrobial Coverage 


Extended Protection When 
Surgery Is Lengthy or Delayed 


Significant Cost Savings’ 
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PROPHYLAXIS IN 
INTRA-ABDOMINAL SURGERY 


MONOCID 


IWIM 


céfonicid sodium 


(lyophilized) 


Before prescribing, see complete prescribing information in SK&F literature or 
PDR. The following is a brief summary. 


INDICATIONS AND USAGE 
Monocid (sterile cefonicid sodium, SK&F) is indicated in the treatment of infections 
due to susceptible strains of the microorganisms listed below: 


LOWER RESPIRATORY TRACT INFECTIONS, due to Streptococcus pneumoniae 
(formerly D. pneumoniae); Klebsiella pneumoniae; Escherichia coli; and Hemophilus 
influenzae (ampicillin-resistant and ampicillin-sensitive). 

URINARY TRACT INFECTIONS, due to Escherichia coli; Proteus mirabiles (indole- 
negative Proteus); and Klebsiella pneumoniae. 


SKIN AND SKIN STRUCTURE INFECTIONS, due to Staphylococcus aureus and S. 
epidermidis; Streptococcus pyogenes (Group A Streptococcus) and S. agalactiae (Group B 
Streptococcus). 


SEPTICEMIA, due to Streptococcus pneumoniae (formerly D. pneumoniae) and 
Escherichia coli. 


BONE AND JOINT INFECTIONS, due to Staphylococcus aureus. 


SURGICAL PROPHYLAXIS 

Administration of a single 1 gram dose of ‘Monocid’ before surgery may reduce the 
incidence of postoperative infections in patients undergoing surgical procedures 
classified as contaminated or potentially contaminated (e.g., colorectal surgery, 
vaginal hysterectomy, or cholecystectomy in high-risk patients), or in patients in 
whom infection at the operative site would present a serious risk (e.g., prosthetic 
arthroplasty, open heart surgery). Although cefonicid has been shown to be as 
effective as cefazolin in prevention of infection following coronary artery bypass 
surgery, no placebo-controlled trials have been conducted to evaluate any cephalosporin 
antibiotic in the prevention of infection following coronary artery bypass surgery or 
prosthetic heart valve replacement. 


In cesarean section, the use of ‘Monocid’ (after the umbilical cord has been clamped) 
may reduce the incidence of certain postoperative infections. 


When administered one hour prior to surgical procedures for which it is indicated, 
a single 1 gram dose of ‘Monocid’ provides protection from most infections due to 
susceptible organisms throughout the course of the procedure and for approximately 
24 hours after administration. Intraoperative and postoperative administration of 
“Monocid' is not necessary. Daily doses of ‘Monocid’ may be administered for two 
additional days in patients undergoing prosthetic arthroplasty or open heart surgery. 


Therapy with ‘Monocid’ may be initiated pending results of susceptibility studies. 
Treatment should be adjusted according to findings. 


Before using ‘Monocid' concomitantly with other antibiotics, the prescribing 
information for those agents should be reviewed for contraindications, warnings, 
precautions and adverse reactions. Renal function should be carefully monitored. 
CONTRAINDICATIONS 

“Monocid' is contraindicated in persons who have shown hypersensitivity to 
cephalosporin antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘MONOCID' IS INSTITUTED. CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with the use of cephalosporins (and 
ether broad-spectrum antibiotics); therefore, it is important to consider that diagnosis 
in patients who develop diarrhea in association with antibiotic use. 


Treatment with broad-spectrum antibiotics alters normal flora of the colon and 

may permit overgrowth of Clostridia. Studies indicate a toxin produced by Clostridium 
difficile is one primary cause of antibiotic-associated colitis. Cholestyramine and 
colestipol resins have been shown to bind the toxin in vitro. 


Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe 
cases should be managed with fluid, electrolyte and protein supplementation as 
indicated. When the colitis is not relieved by drug discontinuance and when it is 
severe, oral vancomycin is the treatment of choice for antibiotic-associated 
pseudomembranous colitis produced by C. difficile. Other causes of colitis should 
also be considered. 


PRECAUTIONS 

General: With any antibiotic, prolonged use may result in overgrowth of 
nonsusceptible organisms. Careful observation is essential, and appropriate 
measures should be taken if superinfection occurs. 


Drug Interactions: Nephrotoxicity has been reported following concomitant 
administration of other cephalosporins and aminoglycosides. 


Pregnancy: (Category B.) Reproduction studies have been performed in mice, rabbits 
and rats at doses up to an equivalent of 40 times the usual adult human dose 

and have revealed no evidence of impaired fertility or harm to the fetus due to 
‘Monocid’. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used in pregnancy only if clearly needed. 
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Labor and Delivery: In cesarean section, ‘Monocid' should be administered only 
after the umbilical cord has been clamped. 

Nursing Mothers: ‘Monocid' is excreted in human milk in low concentrations. 
Caution should be exercised when ‘Monocid’ is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
‘Monocid' is generally well tolerated and adverse reactions have occurred infrequently. 
The most common adverse reaction has been pain on I.M. injection. On-therapy 
conditions occurring in greater than 1% of ‘Monocid’-treated patients were: 
Injection Site Phenomena (5.7%): Pain and/or discomfort on injection; less often, 
burning, phlebitis at I.V. site. 
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Increased Platelets (1.7%). 
Increased Eosinophils (2.9%). 
Liver Function Test Alterations (1.6%): Increased alkaline phosphatase, increased 
SGOT, increased SGPT, increased GGTP, increased LDH. 
Less frequent on-therapy conditions occurring in less than 1% of ‘Monocid'-treated 
patients were: 
Hypersensitivity Reactions: Fever, rash, pruritus, erythema, myalgia and 
anaphylactoid-like type reactions have been reported. 


Hematology: Decreased WBC, neutropenia, positive Coom)s' test. 


Diarrhea. 
DOSAGE AND ADMINISTRATION 
General 
The usual adult dosage is 1 gram of ‘Monocid' given once every 24 hours, intra- 
venously or by deep intramuscular injection. Doses in excess of 1 gram daily are 
rarely necessary; however, in exceptional cases dosage of up to 2 grams given 
once daily have been well tolerated. When administering 2 gram I.M. doses once 
daily, one-half the dose should be administered in different large muscle masses. 
Surgical Prophylaxis 
When administered one hour prior to appropriate surgical procedures (see Indications 
and Usage), a 1 gram dose of ‘Monocid’ provides protection from most infections due 
to susceptible organisms throughout the course of the procedure and for 
approximately 24 hours after administration. Intraoperative and postoperative 
administration of ‘Monocid' is not necessary. Daily doses of ‘Monocid' may be 
administered for two additional days in patients undergoing prosthetic arthroplasty 
or open heart surgery. 


In cesarean section ‘Monocid' should be administered only after the umbilical cord has 
been clamped. 


General Guidelines for Dosage of ‘Monocid’, I.V. or I.M. 

















Type of Daily Dose 

Infection (grams) Frequency 
Uncomplicated Urinary Tract 0.5 once every 24 hours 
Mild to Moderate 1 once every 24 hours 
Severe or Life-Threatening 2° once every 24 hours 
Surgical Prophylaxis l 1 hour preoperatively 





*When administering 2 gram I.M. doses once daily, one-half the dose should be administered in 

different large muscle masses 

Impaired Renal Function 

Modification of ‘Monocid’ dosage is necessary in patients with impaired renal 

function. Before prescribing, consult Dosage and Administration section of complete 

prescribing information. 

HOW SUPPLIED 

‘Monocid' is supplied in vials equivalent to 500 mg. and 1 gram of cefonicid; in 

“Piggyback” Vials for I.V. admixture equivalent to 1 gram of cefonicid; and in 

Pharmacy Bulk Vials equivalent to 10 grams of cefonicid. 
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‘Clinical signs and symptoms of infection did not develop at the operative site. 
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ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board con- 
siders only papers judged to offer significant contributions to 
the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surgery. 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Annals of Surgery has joined a number of other leading Med- 
ical Journals which endorse the “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.” These Re- 
quirements were established by an agreement among a number 
of Editors of Clinical Journals in the United States, Canada and 
the United Kingdom. The Criteria for preparation of manuscripts 
are as follows: 


SUMMARY OF REQUIREMENTS 


Type manuscript double spaced, including title page, abstract, 
text, acknowledgments, references, tables, and legends. 

Each manuscript component should begin on a new page, 
in this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and 
figures (see journal’s instructions) in heavy-paper envelope. 
Submitted manuscript should be accompanied by covering letter, 
as described under “Submission of Manuscripts,” and permis- 
sions to reproduce previously published materials or to use il- 
lustrations that may identify subjects. 

Follow journal’s instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 26.7 cm or 
21.6 by 27.9 cm (8 by 102 in. or 8% by 11 in.) or ISO A4 (212 
by 297 mm) with margins of at least 2.5 cm (1 in.). Use double 
spacing throughout, including title page, abstract, text, acknowl- 
edgments, references, tables, and legends for illustrations. Begin 
each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, in- 


dividual tables, and legends. Number pages consecutively, be- 
ginning with the title page. Type the page number in the upper 
right-hand corner of each page. 

Manuscripts will be reviewed for possible publication with 
the understanding that they are being submitted to one journal 
at a time and have not been published, simultaneously submitted, 
or already accepted for publication elsewhere. This does not 
preclude consideration of a manuscript that has been rejected 
by another journal or of a complete report that follows publi- 
cation of preliminary findings elsewhere, usually in the form of 
an abstract. Copies of any possibly duplicative published material 
should be submitted with the manuscript that is being sent for 
consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, which 
should be concise but informative; [2] a short running head or 
footline of no more than 40 characters (count letters and spaces) 
placed at the foot of the title page and identified; [3] first name, 
middle initial, and last name of each author, with highest ac- 
ademic degree(s); [4] name of department(s) and institution(s) 
to which the work should be attributed; [5] disclaimers, if any; 
[6] name and address of author responsible for correspondence 
about the manuscript; [7] name and address of author to whom 
requests for reprints should be addressed, or statement that 
reprints will not be available from the author; [8] the source(s) 
of support in the form of grants, equipment, drugs, or all of 
these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their con- 
tent, especially the Results and Discussion sections. Other types 
of articles such as case reports, reviews, and editorials are likely 
to need other formats, and authors should consult individual 
journals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 
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COMPAZINE'’ 
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prochlorperazine 


See complete prescribing information in SK&F literature or PDR. The following is a 
brief summary. 


Indications: For control of severe nausea and vomiting 


Contraindications: Comatose or greatly depressed states due to C.N.S depressants 
pediatric surgery; use in children under 2 years of age or under 20 Ibs.: use in children 
for conditions for which dosage has not been established 


Warnings: The extrapyramidal symptoms which can occur secondary to ‘Compazine’ 
may be confused with the central nervous system signs of an undiagnosed primary 
disease responsible for the vomiting, e.g., Reye's syndrome or other encephalopathy. 
The use of ‘Compazine’ and other potential hepatotoxins should be avoided in children 
and adolescents whose signs and symptoms suggest Reye's syndrome. 


May cause tardive dyskinesia in some patients on neuroleptic (antipsychotic) therapy, 
usually long-term. This syndrome consists of potentially irreversible, involuntary dyskinetic 
movements. The risk of tardive dyskinesia and likelihood of irreversibility are thought 
related to duration of treatment and total cumulative dose of neuroleptic drugs 


Use in patients with bone marrow depression only when potential benefits outweigh 

risks. Patients who develop a hypersensitivity reaction (e.g., blood dyscrasias or jaundice) 
to a phenothiazine generally should not be reexposed to any phenothiazine. Caution 
patients about activities requiring alertness (e.g., operating vehicles or machinery) 
especially during the first few days’ therapy Prochlorperazine may intensify or prolong the 
action of other C.N.S. depressants 

Use in pregnancy is not recommended except in cases so serious and intractable that 

in the physician's judgment, drug intervention is required and potential benefits outweigh 
possible hazards. There have been instances of prolonged jaundice, extrapyramidal 
signs, nyperreflexia or hyporeflexia in newborn infants whose mothers received 
phenothiazines. There is evidence that phenothiazines are excreted in the breast milk of 
nursing mothers. 


Precautions: The antiemetic action of ‘Compazine’ may mask the signs and symptoms of 
overdosage of other drugs and may obscure the diagnosis and treatmert of other 
conditions such as intestinal obstruction, brain tumor and Reye's syndrome (See 
Warnings). Postoperative aspiration of vomitus has occurred in a few surgical patients 
who received prochlorperazine as an antiemetic. When used concomitantly with cancer 
chemotherapeutic drugs, may obscure vomiting as a sign of these agents toxicity. Deep 
sleep and coma have been reported with prochlorperazine, usually with overdosage 


Neuroleptic drugs cause elevated prolactin levels that persist during chronic administration 
Since approximately one-third of human breast cancers are prolactin-dependent in vitro, 
this elevation is of potential importance if neuroleptic drug administration is contemplated 
in a patient with a previously detected breast cancer. Neither clinical nor epidemiologic 
Studies to date, however, have shown an association between the chronic administration 
of neuroleptic drugs and mammary tumorigenesis. 


Permanently stop neuroleptic therapy if neuromuscular reactions occur in pregnant 
women or in children 


In children with acute illnesses or dehydration, use only under close supervision. 
Avoid high doses and parenteral administration when cardiovascular system is impaired 
since hypotension has occurred. Use cautiously in patients with glaucoma. Use with cau- 
tion in persons who will be exposed to extreme heat since phenothiazines may interfere 
with thermoregulatory mechanisms. Phenothiazines can diminish the effect of oral anti- 
coagulants. Phenothiazines can produce alpha-adrenergic blockade. Thiazide diuretics 
may accentuate orthostatic hypotension that may occur with phenothiazines. Antihyper- 
tensive effects of guanethidine and related compounds may be counteracted when 
phenothiazines are used concomitantly. Concomitant administration of phenothiazines 
with propranolol results in increased plasma levels of both drugs and may also precipitate 
phenytoin toxicity. Phenothiazines may lower the convulsive threshold dosage adjustments 
of anticonvulsants may be necessary Presence of phenothiazines may produce false 
positive phenylketonuria (PKU) test results. Patients should not receive ‘Compazine’ 48 
hours before or 24 hours after myelography with the contrast medium metrizamide 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred vision. skin reactions 
Hypotension. Cholestatic jaundice, leukopenia, agranulocytosis. Fatty changes in the liver 
have been observed in a few patients who died while receiving the drug (no causal 
relationship has been established). Neuromuscular (extrapyramidal) reactions: motor 
restlessness, dystonias, pseudo-parkinsonism, tardive dyskinesia, and a variant, tardive 
dystonia. Contact dermatitis is a possibility if' Compazine’ Injection (solution) inadvertently 
gets on hands or clothing 


Other adverse reactions reported with ‘Compazine’ or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders (e.g., severe hypoten- 
sion in mitral insufficiency or pheochromocytoma). Grand mal and petit mal convulsions 
altered cerebrospinal fluid proteins, cerebral edema: prolongation and intensification of 
the action of C.N.S. depressants, atropine, heat and organophosphorus insecticides 
dryness of mouth, nasal congestion, headache, nausea, constipation, obstipation 
adynamic ileus, ejaculatory disorders/impotence, priapism, atonic colon urinary 
retention, miosis and mydriasis; reactivation of psychotic processes, catatonic-like states 
hypotension (sometimes fatal); cardiac arrest; pancytopenia, thrombocytopenic purpura, 
eosinophilia, hemolytic anemia, aplastic anemia; biliary stasis; hyperglycemia, hypogly- 
cemia, glycosuria, lactation, galactorrhea, gynecomastia, menstrual irregularities, false 
positive pregnancy tests; photosensitivity, itching, erythema, urticaria, eczema up to 
exfoliative dermatitis; asthma, laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; hyperpyrexia; mid fever after 
large |.M. doses; increased appetite; increased weight, a systemic lupus erythematosus- 
like syndrome; pigmentary retinopathy; neuroleptic malignant syndrome, which may be 
fatal; with prolonged administration of substantial doses, skin pigmentation. epithelial 
keratopathy, and lenticular and corneal deposits 


EKG changes have been reported. Discontinue long-term, high-dose therapy gradually. 


Note: Sudden death in patients taking phenothiazines (apparently due to cardiac arrest or 
asphyxia due to failure of cough reflex) has been reported 

Supplied: Tablets—5, 10 and 25 mg., in bottles of 100; Spansule” capsules— 10, 15 
and 30 mg., in bottles of 50; Injection—5 mg./ml. in 2 ml. ampuls, 10 ml. vials and 

2 ml. disposable syringes; Suppositories— 21%, 5 and 25 mg.; Syrup—5 mg./5 ml.; 
Single Unit Packages of 100 (intended for institutional use only)—5 and 10 mg. tablets; 
10, 15 and 30 mg. ‘Spansule’ capsules. 
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NUBAIN® gives you pain-stopping power 
comparable to morphine/meperidine 
with fewer adverse side effects: 


m fast action 
m long-lasting pain relief 


m documented “ceiling” on 
respiratory depression 


m hemodynamic stability 

m non-constipating 

m lower incidence of nausea, vomiting, 
and other common side effects 


m low abuse potential—non-scheduled 


Now available in 20 mg/ml ampul, vial, 
and syringe. Also available in 10 mg/ml 
ampul and vial. 


For further information concerning contraindications, 
side effects, and precautions, please see following page. 


NUBAIN is available exclusively from Du Pont. 
© 1985, Du Pont Pharmaceuticals, Inc. 
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Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to severe pain. NUBAIN can also be 
used for preoperative analgesia, as a supplement to surgical anesthesia, 
and for obstetrical analgesia during labor. 


CONTRAINDICATIONS NUBAIN should not be administered to patients who 
are hypersensitive to it 


WARNINGS Drug Dependence NUBAIN has been shown to have a low 
abuse potential which is approximate to that of pentazocine. When com- 
pared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine's potential for abuse would be less than that of 
codeine and propoxyphene. Psychological and physical dependence and 
tolerance may follow the abuse or misuse of nalbuphine. Therefore, caution 
should be observed in prescribing it for emotionally unstable patients, or 
for individuals with a history of narcotic abuse. Such patients should be 
Closely supervised when long-term therapy is contemplated. Care should 
be taken to avoid increases in dosage or frequency of administration which 
in susceptible individuals might result in physical dependence. Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 
symptoms of narcotic withdrawal, i.e., abdominal cramps, nausea and 
vomiting, rhinorrhea, lacrimation, restlessness, anxiety, elevated temper- 
ature and piloerection. Use in Ambulatory Patients NUBAIN may impair 
the mental or physical abilities required for the performance of potentially 
dangerous tasks such as driving a car or operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who 
should be warned to avoid such hazards. Use in Emergency Procedures 
Maintain patient under observation until recovered from NUBAIN effects 
that would affect driving or other potentially dangerous tasks. Use in 
Children Clinical experience to support administration to patients under 
18 years is not available at present. Use in Pregnancy (other than labor) 
Safe use of NUBAIN in pregnancy has not been established Although 
animal reproductive studies have not revealed teratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, 
in the judgement of the physician, the potential benefits outweigh the 
possible hazards. Use During Labor and Delivery NUBAIN can produce 
respiratory depression in the neonate. It should be used with caution in 
women delivering premature infants. Head Injury and Increased Intra- 
cranial Pressure The possible respiratory depressant effects and the 
potential of potent analgesics to elevate cerebrospinal fluid pressure (re- 
sulting from vasodilation following CO3 retention) may be markedly exag- 
gerated in the presence of head injury, intracranial lesions or a pre-existing 
increase in intracranial pressure, Furthermore, potent analgesics can pro- 
duce effects which may obscure the clinical course of patients with head 
injuries, Therefore, NUBAIN should be used in these circumstances only 
when essential, and then should be administered with extreme caution, 
Interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity, there is evidence that in 
nondependent patients it will not antagonize a narcotic analgesic admin- 
istered just before, concurrently, or just after an injection of NUBAIN. 
Therefore, patients receiving a narcotic analgesic, general anesthetics, 
phenothiazines, or other tranquilizers, sedatives, hypnotics, or other CNS 
depressants (including alcohol) concomitantly with NUBAIN may exhibit an 
additive effect. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced 


PRECAUTIONS Impaired Respiration At the usual adult dose of 10 mg/70 
kg, NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine. However, in contrast to mor- 
phine, respiratory depression is not appreciably increased with higher 
doses of NUBAIN. Respiratory depression induced by NUBAIN can be re- 
versed by NARCAN* (naloxone hydrochloride) when indicated, NUBAIN 
should be administered with caution at low doses to patients with impaired 
respiration (e.g., from other medication, uremia, bronchial asthma, severe 
infection, cyanosis or respiratory obstructions). Impaired Renal or Hepatic 
Function Because NUBAIN is metabolized in the liver and excreted by the 
kidneys, patients with renal or liver dysfunction may overreact to customary 
doses. Therefore, in these individuals, NUBAIN should be used with caution 
and administered in reduced amounts. Myocardial Infarction As with all 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting. Biliary Tract Surgery 
As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm of the sphincter of Oddi 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation 381 (36%). Less frequent reactions are: 
sweaty/clammy 99 (9%), par pookeray 68 (6%), dizziness/vertigo 58 
(5%), dry mouth 44 (4%), and headache 27 (3%). Other adverse reactions 
which may occur (reported incidence of 1% or less) are: CNS Effects 
Nervousness, depression, restlessness, crying, euphoria, floating, hostility, 
unusual dreams, confusion, faintness, hallucinations, dysphoria, feeling 
of heaviness, numbness, tingling, unreality. The incidence of psychotomi- 
metic effects, such as unreality, depersonalization, delusions, dysphoria 
and hallucinations has been shown to be less than that which occurs with 
pentazocine. Cardiovascular Hypertension, hypotension, bradycardia, 
tachycardia. Gastrointestinal Cramps, dyspepsia, bitter taste. Respiration 
Depression, dyspnea, asthma. Dermatological Itching, burning, urticaria 
Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing 
and warmth. Patients Dependent on Narcotics Patients who have been 
taking narcotics chronically may experience withdrawal symptoms upon 
the administration of NUBAIN. If unduly troublesome, narcotic withdrawal 
symptoms can be controlled by the slow intravenous administration of 
small increments of morphine, until relief occurs. If the previous analgesic 
was morphine, meperidine, codeine, or other narcotic with similar duration 
of activity, one-fourth of the anticipated dose of NUBAIN can be adminis- 
tered initially and the patient observed for signs of withdrawal, i.e., abdom- 
inal cramps, nausea and vomiting, lacrimation, rhinorrhea, anxiety, 
restlessness, elevation of temperature or piloerection. If untoward symp- 
toms do not occur, progressively larger doses may be tried at appropriate 
intervals until the desired level of analgesia is obtained with NUBAIN. 
Management of Overdosage The immediate intravenous administration 
of NARCAN® (naloxone hydrochloride) is a specific antidote. Oxygen, intra- 
venous fluids, vasopressors and other supportive measures should be used 
as indicated. The administration of single doses of 72 mg of NUBAIN 
subcutaneously to eight normal subjects has been reported to have resulted 
primarily in symptoms of sleepiness and mild dysphoria 

NARCAN is a registered U S. trademark of Du Pont Pharmaceuticals, Inc 
6109-4BS 

Du Pont Pharmaceuticals, Inc. 

Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 


P.O. Box 363, Manati, Puerto Rico 00701 
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Be prepared, Doctor. More patients 
will be asking about colorectal cancer, 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 


AMERICAN 
9 CANCER 
f SOCIETY” 


*“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec. ). 
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Nolvadex... effective 
first-line hormonal therapy in 
metastatic breast cancer 

IN postmenopausal women. 


Nolvadex: ..allows women 
to continue their lives with 
dignity and grace— 
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and orainary ones, with 
those close to them. 
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TAMOXIFEN IS 


1O MG TABLETS 


Please see next page for brief summary of prescribing information © 1985 ICI Americas Inc 


BHIE SUMMAHY 
NOLVADEX? (tamoxifen citrate) 10 mg tablets 
Indications and Usage: Nolvadex has proven usetu! ir 
the palliative treatment of advanced breast cancer in 
postmenopausal women. Available evidence indicates that 
patients who have had a recent negative estrogen receptor 
assay are unlikely to respond to Nolvadex 
Contraindications: None known. 

Warnings: Ocular changes have been reported in a few 
patients who, as part of a clinical trial, were treated for 
periods greater than one year with Nolvadex at doses at 
‘east four times the highest recommended daily dose of 

40 mg. The ocular changes consist of retinopathy and, in 
some patients, there are also corneal changes and a de- 
crease in visual acuity. 

In addition, a few cases of ocular changes including 
visual disturbance. corneal changes and/or retinopathy 
have been reporied in patients treated with Nolvadex at 
recommended doses. itis uncertain if these effects are cue 
to Nolvadex. 

As with other additive hormonai therapy (estrogens and 
androgens), hypercaicemia has been reported in some 
breast cancer patients with bone metastases within a few 
weeks of starting treatment with Nolvadex. If hypercaicemia 
does occur, appropriate measures should be taken and. if 
severe. Nolvadex should be discontinued. 

Precautions: Genera/: Nolvadex should be used cautiously 
in patients with existing leukopenia or thrombocytopenia 
Observations of leukopenia and thrombocytopenia occa- 
sionally have been made, but it is uncertain if these effects 
are due to Nolvadex therapy. Transient decreases in piatelet 
counts, usuaily to 50,000-100.000/cu mm, infrequently lower, 
have been occasionally reported in patients taking Nolvadex 
for breast cancer. No hemorrhagic tendency has been 
recorded and the platelet counts returned to normal levels 
even though treatment with Nolvadex continued 

Laboratory Tests. Periodic complete blood counts. includ- 
ing platelet counts, may be appropriate. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Endocrine changes in immature and mature mice were 
investigated in a 13-month study. Various tumors were found 
in all treated groups which were related to the estrogenic 
activity of the compound 

A 14-month chronic study to investigate the effects of lew 
doses in mice was performed. No gonadal tumors were found 

Pregnancy Category C: Nolvadex has been shown to 
affect reproduction functions in rats when given at dose 
levels somewhat higher than the human dose. In reproduz- 
tive studies in rats, developmental changes of the rib were 
seen. There are no adequate and well-controlled studies :n 
pregnant women. Nolvadex should be used during preg- 
nancy only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers: itis not known whether this drug is 
excreted in human milk. Because many drugs are excreted 
in human milk and because of the potential for serious 
adverse reactions in nursing infants from Nolvadex, a deci- 
sion should be made whether to discontinue nursing or tc 
discontinue the drug, taking into account the importance of 
the drug to the mother 
Adverse Reactions: The most frequent adverse reactions 
to Nolvadex are hot flashes, nausea, and vomiting. These 
may occur in up to one-fourth of patients, but are rarely 
severe enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities. and 
skin rash, Usually these have not been of sufficient severity 
to require dosage reduction or discontinuation of treatment 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with 
a good tumor response. Patients with increased bone pain 
may require additional anaigesics. Patients with soft tissue 
disease may have sudden increases in the size of preexist- 
ing lesions, sometimes associated with marked erythema 
within and surrounding the lesions, and/or the development 
of new lesions. When they occur, the bone pain or disease 
flare are seen shortly after starting Nolvadex and generally 
subside rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia. peripheral edema. distaste for food, pruritus 
vulvae. depression, dizziness. light-headedness, and 
headache. 

If adverse reactions are severe, it is sometimes possibie to 
control them by a simpie reduction of dosage without loss of 
control of the disease. 

Overdosage: Acute overdosage in humans has not been 
reported. Signs observed at the highest doses following 
studies to determine LO., in animals were respiratory diffi- 
culties and convulsions. No specific treatment for over. 
dosage is known; treatment must be symptomatic 
Dosage and Administration: One or two 10 mg tablets 
twice a day (morning and evening). 

How Supplied: Tabiets of 10 mg tamoxifen citrate (round, 
biconvex, uncoated, white tablet identified with Nolvadex 
600 debossed on one side and a cameo debossed on the 
other side) are supplied in bottles of 60 tablets and 250 
tablets. Protect from heat and light. NDC 0038-0600 
Inactive Ingredients: Carboxymethyicellulose calcium, 
magnesium stearate. mannitol, starch. Rev D 12/84 


STUART PHARMACEUTICALS 


Division of ICI Americas inc. 
Wilmington, Delaware 19897 


50000 
people will be 
saved from 
colorectal cancer 
this year. 

You can save one. 


Save yourself! Colorectal 
cancer is the second leading 
cause of cancer deaths after lung 
cancer. More than 90% of colo- 
rectal cancers occur equally in 
men and women past age 50. 
Early detection provides the best 
hope of cure. That’s why if you’re 
over 50, you should take this 
simple, easy slide test of your 
stool every year. This Stool 
Blood Test kit is chemically 
treated to detect hidden blood in 
the stool and can be done at the 
time of your periodic health 
examination so your doctor will 
know the results. 





The presence of hidden 
blood usually indicates some 
problem in the stomach or 
bowel, not necessarily cancer. 
Positive tests must be followed 
by further testing to find out 
what the problem is. 

Other tests for colorectal 
cancer you should talk to your 
doctor about: digital rectal exam 
(after age 40); the procto test 
(after age 50). It is important to 
report any personal or family his- 
tory of intestinal polyps or 
ulcerative colitis, and any change 
in your bowel habits, which 
could be a cancer warning signal. 

The American Cancer Society 
wants you to know. 
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FIVE DISTINCT BENEFITS 


96% Clinical Efficacy“ 
with a Single Dose? 


High and Prolonged 
Serum and Tissue Levels 


Sustained, 24-Hour 
Antimicrobial Coverage 


Extended Protection When 
Surgery Is Lengthy or Delayed 


Significant Cost Savings’ 


MONOCID 


cefonicid sodium 


(lyophilized) 





PROPHYLAXIS IN 
INTRA-ABDOMINAL SURGERY 


M4ONOCID 


IVIM 


cefonicid sodium 


(lyophilized) 


Before prescribing, see complete prescribing information in SK&F literature or 
PDR. The following is a brief summary. 


INDICATIONS AND USAGE 
Monocid (sterile cefonicid sodium, SK&F) is indicated in the treatment of infections 
due to susceptible strains of the microorganisms listed below: 


LOWER RESPIRATORY TRACT INFECTIONS, due to Streptococcus pneumoniae 
(formerly D. pneumoniae); Klebsiella pneumoniae; Escherichia coli: and Hemophilus 
influenzae (ampicillin-resistant and ampicillin-sensitive). 

URINARY TRACT INFECTIONS, due to Escherichia coli; Proteus mirabilis (indole- 
negative Proteus); and Klebsiella pneumoniae. 


SKIN AND SKIN STRUCTURE INFECTIONS, due to Staphylococcus aureus and S. 
epidermidis; Streptococcus pyogenes (Group A Streptococcus) and S. agclactiae (Group B 
Streptococcus). 


SEPTICEMIA, due to Streptococcus pneumoniae (formerly D. pneumoniae) and 
Escherichia coli. 


BONE AND JOINT INFECTIONS, due to Staphylococcus aureus. 


SURGICAL PROPHYLAXIS 

Administration of a single 1 pram dose of ‘Monocid’ before surgery may reduce the 
incidence of postoperative infections in patients undergoing surgical procedures 
classified as contaminated or potentially contaminated (e.g., colorectal surgery, 
vaginal hysterectomy, or cholecystectomy in high-risk patients), or in patients in 
whom infection at the operative site would present a serious risk (e.¢., prosthetic 
arthroplasty, open heart surgery). Although cefonicid has been shown to be as 
effective as cefazolin in prevention of infection dite coronary artery bypass 
corey no placebo-controlled trials have been conducted to evaluate any cephalosporin 
antibiotic in the prevention of infection following coronary artery bypass surgery or 
prosthetic heart valve replacement. 


In cesarean section, the use of ‘Monocid’ (after the umbilical cord has been clamped} 
may reduce the incidence of certain postoperative infections. 


When administered one hour prior to surgical procedures for which :t is indicated, 

a single 1 gram dose of ‘Monocid' provides protection from most infections due to 
susceptible organisms throughout the course of the procedure and for approximately 
24 hours after administration. Intraoperative and postoperative administration of 
'Monocid' is not necessary. Daily doses of ‘Monocid’ may be administered for two 
additional days in patients undergoing prosthetic arthroplasty or open heart surgery. 


Therapy with ‘Monocid' may be initiated pending results of susceptibility studies. 
‘Treatment should be adjusted according to findings. 


Before using ‘Monocid’ concomitantly with other antibiotics, the prescribing 
information for those agents should be reviewed for contraindications, warnings, 
precautions and adverse reactions. Renal function should be carefully monitored. 


CONTRAINDICATIONS 

"Monocid’ is contraindicated in persons who have shown hypersensitivity to 
cephalosporin antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘MONOCID' IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with the use of cephalosporins (and 
other broad-spectrum antibiotics); therefore, it is important to consider that diagnosis 
in patients who develop diarrhea in association with antibiotic use. 


‘Treatment with broad-spectrum antibiotics alters normal flora of the colon and 

may permit overgrowth of Clostridia. Studies indicate a toxin produced by Clostridium 
difficile is one primary cause of antibiotic-associated colitis. Cholestyramine and 
colestipol resins have been shown to bind the toxin in vitro. 


Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe 
cases should be managed with fluid, electrolyte and protein supplementation as 
indicated. When the colitis is not relieved by drug discontinuance and when it is 
severe, oral vancomycin is the treatment of choice for antibiotic-associated 
pseudomembranous colitis produced by C. difficile. Other causes of colitis should 
also be considered. 


PRECAUTIONS 

General: With any antibiotic, prolonged use may result in overgrowth of 
nonsusceptible organisms. Careful observation is essential, and appropriate 
measures should be taken if superinfection occurs. 


Drug Interactions: Nephrotoxicity has been reported following concomitant 
administration of other cephalosporins and aminoglycosides. 


Pregnancy: (Category B.) Reproduction studies have been performed in mice, rabbits 
and rats at doses up to an equivalent of 40 times the usual adult human dose 

and have revealed no evidence of impaired fertility or harm to the fetus due to 
‘Monocid’. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used in pregnancy only if clearly needed. 





brand of sterile 


Labor and Delivery: In cesarean section, ‘Monocid’ should be administered only 
after the umbilical cord has been clamped. 

Nursing Mothers: ‘Monocid’ is excreted in human milk in low concentrations. 
Caution should be exercised when 'Monocid’ is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
‘Monocid’ is generally well tolerated and adverse reactions have occurred infrequently. 
The most common adverse reaction has been pain on LM. injection. On-therapy 
conditions occurring in greater than 1% of ‘Monocid'-treated patients were: 
Injection Site Phenomena (5.7%): Pain and/or discomfort on injection; less often, 
burning, phlebitis at I.V. site. 
Increased Platelets (1.7%), 
Increased Easinophils (2.9%). 
Liver Function Test Alterations (1.6%): Increased alkaline phosphatase, increased 
SGOT, increased SGPT, increased GGTP, increased LDH. 
Less frequent on-therapy conditions occurring in less than 1% of ‘Monocid’-treated 
patients were: 
Hypersensitivity Reactions: Fever, rash, pruritus, erythema, myalgia and 
anaphylactoid-like type reactions have been reported. 


Hematology: Decreased WBC, neutropenia, positive Coombs’ test. 
Diarrhea. 


DOSAGE AND ADMINISTRATION 

General 

The usual adult dosage is 1 gram of ‘Monocid’ given once every 24 hours, intra- 
venously or by deep intramuscular injection. Doses in excess of 1 gram daily are 
rarely necessary; however, in exceptional cases dosage of up to 2 grams given 

once daily have been well tolerated. When administering 2 gram I.M. doses once 
daily, one-half the dose should be administered in different large muscle masses. 
Surgical Prophylaxis 

When administered ore hour prior to appropriate surgical procedures (see Indications 
and Usage}, a 1 gram dose of ‘Monocid’ provides protection from most infections due 
to susceptible organisms throughout the course of the procedure and for 
approximately 24 hours after administration. Intraoperative and postoperative 
administration of ‘Monocid’ is not necessary. Daily doses of ‘Monocid’ may be 
administered for two additional days in patients undergoing prosthetic arthroplasty 
or open heart surgery. 


In cesarean section ‘Monocid’ should be administered only after the umbilical cord has 
been clamped. 


General Guidelines for Dosage of ‘Monocid’, LV. or I.M. 

















Type of Daily Dose 

Infection (grams) Frequency 
Uncomplicated Urinary Tract 0.5 once every 24 hours 
Mild to Moderate 1 once every 24 hours 
Severe or Life-Threatening a" once every 24 hours 
Surgical Prophylaxis 1 1 hour preoperatively 





“When administering 2 gram I.M. doses once daily. one-half the dose should be administered in 

different large muscle masses. 

Impaired Renal Function 

Modification of ‘Monocid’ dosage is necessary in patients with impaired renal 

function. Before prescribing, consult Dosage and Administration section of complete 

prescribing information. 

HOW SUPPLIED 

‘Monocid’ is supplied in vials equivalent to 500 mg. and 1 gram of cefonicid; in 

“Piggyback” Viais for LV. admixture equivalent to 1 gram of cefonicid; and in 

Pharmacy Bulk Vials equivalent to 10 grams of cefonicid. 
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This study was carried out in an effort to resolve the dilemma 
created by three proposed modifications of the Dukes’ C class 
of colorectal cancer. Each modification is based on a separate 
prognostic discriminant characterized by: (1) the level of histo- 
logically positive nodes, (2) the depth of tumor penetration, and 
(3) the number of histologically positive nodes. Data were derived 
from 844 patients with Dukes’ C lesions randomized into two 
prospective clinical trials of the NSABP; the mean time on study 
was 41 months. Analysis of the three modifications as indepen- 
dent variables without regard for possible confounding effects 
disclosed that each had a highly significant predictive capacity. 
When each discriminant was examined, this time adjusting for 
the contribution of the other two discriminants, the effect at- 
tribatable to the level of positive nodes was markedly attenuated. 
Thus, the level of positive nodes provided little information over 
and above that of depth of tumor penetration and the number of 
positive nodes. Of the two latter discriminants, although both 
were significant predictors of survival, the number of positive 
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nodes appeared to be the strongest factor. Using both depth of 
penetration and the mmber of positive nodes, a unique Dukes’ 
C subset of patients could be identified with a prognosis at least ` 
as good as Dukes’ B lesions; this group was characterized. by 
partial tumor penetration and the presence of 1—4 positive nodes. 


‘It is concluded that both depth of penetration and the number 


of positive nodes represent appropriate modifications of the initial 
Dukes scheme, and one discriminant should not be used to the 


- exclusion of the other. The data raise serious doubts relative to 


the propriety of newly proposed TNM classification schemes 
that fail to utilize the number of positive nodes as a predictive 
discriminant. 


scheme for carcinoma of the rectum that was based 


T 1932 CUTHBERT E. DUKES proposed a classification 
on depth of tumor penetration and the presence of 


regional node metastases.! The implication inherent on 


the exclusive selection of these two prognostic discrimi- 
nants was that tumor size per se was predictive of neither 
prognosis nor regional lymph node. status-suggesting a 
unique biological situation. Since the introduction of the 
Dukes’ classification scheme, there have been numerous 
efforts, particularly in patients with histologically positive 
nodes, to increase the predictive capacity of clinical 
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pathologic staging. In 1935 Dukes and his colleagues, 
aware of the negative prognostic impact imparted by cen- 
trally located histologically positive regional nodes, pro- 
posed that Class C tumors be further subdivided into “C,” 
and “C,” subsets, the latter indicative of nodal involve- 
ment that had reached the glands at the uppermost point 
of ligature of the mesenteric blood vessels and the former 
describing glandular spread below that level.?? 

In 1954 Astler and Coller introduced a further modi- 
fication of yet another eponymous variant of the Dukes 
scheme, namely that of Kirklin, Dockerty, and Waugh.* 
The Astler and Coller alteration consisted of subdividing 
patients with histologically positive nodes on the basis of 
the depth of penetration of the primary tumor into the 
bowel wall. A “C,” lesion, according to this modification, 
referred to a tumor with positive nodes that had not pen- 
etrated the entire thickness of the bowel wall, whereas a 
“C” tumor manifested full thickness penetration. 

More recently, a third amendment has been promul- 
gated in an effort to refine the Dukes’ C class. The Gas- 
trointestinal Study Group (GITSG) has subdivided pa- 
tients with histologically involved nodes into those dem- 
onstrating 1-4 and >4 positive nodes. The two subsets 
defined by this modification have also been designated 
“C,” and “C,”,>§ 

Thus, there have been three proposed modifications 
for the Dukes’ C class, each bearing the C, and C; sub- 
scripts and each dependent on an entirely different prog- 
nostic discriminant. The dilemma created by this unfor- 
tunate selection of symbols is far outweighed by the pau- 
city of data supporting the selection of the specific 
discriminants characterizing each modification. Although 
the initial Dukes addendum based on the level of positive 
nodes has with few exceptions all but been abandoned, 
the latter two modifications dealing with depth of tumor 
penetration and the number of positive nodes are still 
very much in evidence. It is apparent that the subdivision 
of Dukes’ C lesions into 1-4 and >4 positive node cate- 
gories has as of late gained considerable popularity and 
appears to have supplanted the more conventional Astler- 
Coller modification. Although the prognostic importance 
of the depth of tumor penetration or the number of pos- 
itive nodes has been established by numerous previous 
studies, it remains to be determined whether each dis- 
criminant contributes its effect in an independent manner 
or whether there is an interaction between the two vari- 
ables. For example, if patients with histologically positive 
nodes demonstrate a better prognosis when the tumor 
fails to penetrate full thickness, it must be determined 
whether this effect is due solely to the depth of tumor 
penetration or whether tumors not penetrating full thick- 
ness are associated with fewer positive noes. If the latter 
is the case, then it is conceivable that depth of penetration 
is predictive of the number of positive nodes and is not 
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directly associated with prognosis. The likelihood of such 
a possibility is underscored by a recent analysis from the 
NSABP in which it was demonstrated that Dukes’ C tu- 
mors that failed to penetrate full thickness were associated 
with significantly fewer positive nodes than tumors pen- 
etrating the muscularis propria.’ Similarly, it may well be 
that the prognostic value of the level of positive nodes 
initially observed by Dukes may simply be a reflection of 
the number of positive nodes. Intuitively, it seems likely 
that involved glands located adjacent to the bowel wall 
will be associated with fewer positive nodes than glands 
located at the highest point of pedicle ligation. 

This present analysis was carried out in an effort to 
ascertain the propriety of the three previously defined 
modifications of the Dukes’ C class. Accordingly, it is the 
specific aim of this endeavor to evaluate the prognostic 
significance of (1) the anatomic level of involved regional 
nodes, (2) the depth of tumor penetration, and (3) the 
number of positive nodes in patients with Dukes’ C tu- 
mors and to determine the relative value of each discrim- 
inant. 


Materials and Methods 


Data for this analysis were obtained from NSABP pro- 
tocols C-01 and R-01, two randomized prospective clinical 
trials designed to determine the efficacy of adjuvant ther- 
apy in colorectal cancer. Protocol designs and patient 
accession have been described in more detail elsewhere.’ 
The cohort employed consisted of patients with Dukes’ 
B and C carcinoma of the colon and rectum randomized 
between November 1977 and March 1984. Patients with 
colon cancer were randomized to receive no further treat- 
ment, bacille Calmette-Guérin (BCG), or chemotherapy 
consisting of 5-fluorouracil, methyICCNU (semustine), 
and vincristine. Rectal patients were randomized to no 
further treatment, postoperative radiotherapy, or the same 
chemotherapy regimen utilized in the colon protocol. ° 
Reference to the Dukes classification was according to the 
classical criteria described in 1932 for carcinoma of the 
rectum and adapted for use in colonic tumors. Dukes’ B 
lesions were characterized by extension of tumor through 
the muscularis propria into the pericolic adipose tissue 
without regional lymph node metastases. Dukes’ C tumors 
were exemplified by regional node metastases with any 
depth of tumor penetration. The level of positive nodes 
utilized in this study represents a departure from the 
modification proposed by Gabriel, Dukes, and colleagues.” 
“Near nodes” are defined as being within 2 cm of the 
bowel wall, and “far nodes” are >2 cm beyond the bowel 
wall. 

This analysis does not include tumors that, because of 
metastatic disease or contiguous involvement, extended - 
beyond the scope of curative operative resection. As a 
result of the classification utilized, all negative node tu- 
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TABLE 1. Relative Risk of Death Unadjusted and Adjusted for Confounding Effects 
Unadjusted Adjusted 
Number of Relative Risk Relative Risk 
Modification Patients Deaths Cy vs. Cy p-value Cz vs. Cy p-value 
(Cù 342 117 0.0002 1.2 0.2 
(Cy) 151 15 
Astler-Coller 
(C) 125 33 0.00005 19 0.00012 
(C) . 7166 338 
Number of nodes 
(€) 635 218 <0.00001 1.9 <0.00001 
(©) 261 155 


mors described herein were characterized by transmural 
tumor penetration. A rectal tumor was defined by protocol 
as any lesion that required opening the pelvic peritoneum 
to define the distal extent of the tumor. A rectosigmoid 
lesion was one that was located at the distal most sigmoid 

_ colon and did not require the opening of the pelvic peri- 
7 toneum to ascertain the distal clinical tumor margin. Pa- 
tients with rectal tumors were treated with either anterior 
resection or abdominoperineal resection, with the oper- 
ative conduct for all patients determined by the protocol. 
Eleven hundred eight patients with colon cancer were 
available for analysis, 462 with Dukes’ B tumors and 646 
with Dukes’ C lesions. An additional 426 patients were 
available with rectal cancer; of these, 146 demonstrated 
Dukes’ B tumors, and 208 were classified as Dukes’ C. 
The average time on study was 41 months. 

Two varieties of statistical analyses were carried out. 
In the first instance, each putative prognostic discriminant 
was examined separately and treated-as an independent 
K variable. Use was made of the Mantel-Haenszel statistic 
to test the differences in disease-free survival between two 
or more groups. In general, when the Mantel-Haenszel 
statistic is discussed, reference is made to the two group 
test, and whenever a p-value is provided, it is two sided. 
Another measure that was utilized and may be as impor- 
tant as the p-value when dealing with prognostic factors 
was the relative risk of treatment failure. Whenever the 
Mantel-Haenszel statistic was used for comparison of two 
groups, the observed and expected number of treatment 
failures were computed. Letting 01 (E1) and 02 (E2) be 
the number of observed (expected) failures in groups 1 
and 2, respectively, the relative risk of group 2:to group 
‘1 was defined (02/E2)/(01/E1). If this value was equal to 
one, the two groups had “equivalent” prognoses, whereas 
a relative risk greater than one indicated that the prognosis 


=- of group 2 was worse than that of group 1, and a relative 


risk less than one indicated that the prognosis of group 2 
.was better than that of group 1. If the relative risk was 


two, for example, a patient from group 2 was roughly 
twice as likely to fail as a patient from group | (hence the 
expression relative risk of group 2 to group 1). 

Secondly, the Mantel-Haenszel test may also be used 
to compare the risk of dying as a result of a particular 
discriminant while controlling for imbalances due to con- 
founding variables (such as the number of positive nodes). 
This procedure enables the testing of the equivalence of 
treatments while taking into account the effects of other 
covariates.”° 


Results 


The Prognostic Significance of the Level of Positive Nodes, 
Tumor Extension, and the Number of Positive Nodes. 


As a preliminary analysis, each of the three variables 


“was examined individually without regard for possible 


confounding contributions from the other two variables. 
This approach treated each variable in a similar manner 
as the authors who initially proposed the modification to 
the Dukes scheme. The survival results depicted in Table 
1 are for all patients regardless of protocol treatment and 
include colon and rectal lesions. The data have been ad- 
justed for both protocol treatment and tumor location, 
i.e., colon and rectum. The results indicate that each dis- 
criminant, when examined as an individual variable and 
not adjusted for the effect of the other two variables, pro- 
vides seemingly highly significant prognostic information 
(Fig. 1, panel A). The largest difference is noted for the 
number of positive nodes; a patient with >4 positive nodes 
is 2.2 times as likely to die as a patient with 1—4 positive 
nodes (p < 0.00001). The difference attributable to the 
level of positive nodes (Dukes) is less impressive although 
still highly significant (p = 0.0002). When the same anal- 
ysis was repeated for those patients in the surgery-only 
arms of both protocols, very similar results were obtained 
(data not shown). 
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Fic. 1. Survival of Dukes’ C patients according to the level of positive 
nodes, tumor penetration, and the number of positive nodes. Panel A. 
Each discriminant is examined as an individual variable and not adjusted 
for the effects of the other two variables. Panel B. The data for each 
variable are adjusted for the contribution of the other two classification 
variables, 


It remained to be determined, however, whether the 
results of one variable could be explained by the con- 
founding contribution of one or both of the other two 
variables. Accordingly, the above analysis was repeated, 
but for each variable analyzed (group variable) the data 
were adjusted for the contribution of the other two clas- 
sification variables (Table 1). The results demonstrated 
that when tumor extension or the number of positive 
nodes was the group variable, highly significant differences 
remined in evidence between the two subgroups within 


TABLE 2. Relative Risk of Death According to 
the Number of Positive Nodes 


Number of Number 

Positive of Comparison Relative 

Nodes Patients Deaths Groups Risk p-value 
All patients 

1) 1-4 635 218 2 vs. 1 1.9 <0.00001 

2) 5-9 188 105 3 vs. 1 3.4 <0.00001 

33 210 73 50 3 vs. 2 L7 0.0006 
Surgery only 

1 t-4 217 84 2 vs. 1 LS 0.05 

2) 5-9 58 29 3 vs. 1 3.5 <0.00001 


3) =10 16 13 3 vs. 2 2.3 
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FIG. 2. Survival of Dukes’ C patients according to the number of positive 
nodes. 


each variable (Fig. 1, panel B). However when the level 
of positive nodes was the group variable, and the data 
were adjusted for the number of positive nodes and depth 
of tumor penetration, no significant effect could be at- 
tributed to the level of positive nodes (p = 0.2). It was 
therefore apparent that the majority of the effect seen for 
the level of positive nodes when examined as an individual 
discriminant could in fact be explained on the basis of 
imbalances of the number of positive nodes and depth of 
tumor penetration. This finding is reflected by the overlap 
in the distribution of the level and number of positive 
nodes; 80% of the 1-4 positive node group also had nodes 
located within 2 cm of the bowel wall; 55% of the >4 
nodal group demonstrated nodes >2 cm from the bowel 
wall. 


Number of Positive Nodes 


Since the effects of the number of positive nodes and 
the depth of tumor penetration respectively could not be 
explained by the confounding effects of the other two 
variables, each was further assessed. 

Table 2 examines survival according to the number of 
positive nodes. The data have been adjusted for protocol 
treatment and tumor location. The >4 nodal category 
has further been subdivided into a 5-9 and >10 positive 
node subset. Highly significant differences are in evidence 
for each nodal category (Table 2, Fig. 2). When compared 
with patients with 1-4 positive nodes, a patient with 5-9 
positive nodes is 1.9 times as likely to die (p < 0.00001), 
and a patient with >10 positive nodes is at a greater than 
three-fold risk of dying of disease (p < 0.00001). The re- 
sults for all patients, the combined population including 
all three treatment arms, is very similar to those obtained 
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TABLE 3. Relative Risk of Death According to Number of Positive 
Nodes and Tumor Penetration 


Number 
of Relative 
Category Patients Deaths Comparison Risk p-value 
1) PIN] 98 18 2 vs. 1 2.5 0.0002 
2) P2N1 515 192 3 vs. 1 5.2 <0.00001 
3) N2 244 145 3 vs. 2 2.0 <0.00001 


P1 = Partial tumor penetration. 
P2 = Full tumor penetration. 
NI = 1-4 positive nodes. 

N2 = >4 positive nodes. 


for patients not receiving adjuvant therapy (“surgery 
only”). It is noteworthy that the 1-4 nodal subset consti- 
tutes 71% of all patients with positive nodes, the 5-9 cat- 
egory representing 21% and the >10 subset accounting 
for 8%. Because of the relatively small number in the >10 
nodal subset, patients with >4 nodes were treated as a 
single subset in all further analyses. 


Depth of Tumor Penetration and the Number of Positive 
Nodes 


To determine the interaction of depth of penetration 
and the number of positive nodes, an evaluation was car- 
ried out in which patients with 1-4 and >4 positive nodes 
were analyzed according to the depth of tumor penetra- 
tion. It became apparent that such an analysis was of 
marginal value in patients with >4 positive nodes since 
<9% of the 244 patients in that group had partial thickness 
tumor penetration. On the other hand, 16% of the 613 
patients with 1-4 positive nodes manifested partial tumor 
penetration, providing an adequate sample size for anal- 
ysis. Analysis of survival is presented in Table 3 and Figure 
> 3. A patient with 1-4 positive nodes in whom the tumor 
has penetrated full thickness is 2.5 times as likely to die 
as a patient with partial tumor penetration (p = 0.0002). 
In a comparison of patients with >4 positive nodes with 
those having 1-4 positive nodes and partial tumor pen- 
etration, the former group is at >5-fold risk of dying than 
the latter and at a two-fold risk when compared with a 
patient with 1-4 positive nodes and full thickness tumor 
penetration. 

When the most favorable group, namely the 98 patients 
with 1-4 positive nodes and partial tumor penetration 
was compared with 593 Dukes’ B patients (full thickness 
penetration with negative nodes), it was evident that the 
former group fared at least as well as the latter. A patient 
with 1-4 positive nodes and partial tumor penetration 
was 0.75 times as likely to die of disease as a patient with 
negative nodes and full thickness penetration (p = 0.3) 
(Fig. 4). 
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Fic. 3. Survival of Dukes’ C patients according to the number of positive 
nodes and depth of tumor penetration. P, = partial tumor penetration, 


P, = full thickness tumor penetration, N, = 1-4 positive nodes, 
N, = >4 positive nodes. 


Discussion 


This study was carried out to address the current di- 
lemma that has been created by three proposed subdivi- 
sions of the Dukes’ C class of colorectal cancer. Each 
modification was introduced in an effort to enhance the 
predictive capacity of the classification scheme, and each 
is based on a different prognostic factor. 

Of the three putative discriminants that have been uti- 
lized in “refining” the Dukes’ C class, the level of positive 
nodes remains the most enigmatic. This modification 
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Fic. 4. Comparison of survival between good risk Dukes’ C patients and 


Dukes’ B patients. P, = partial tumor penetration, N; = 1-4 positive 
nodes. 
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proposed by Gabriel and Dukes has not been studied with 
any degree of detail. The lack of interest in the level of 
positive nodes belies the fact that both Dukes and Grinnell 
independently demonstrated a markedly attenuated sur- 
vival for patients with involved apical nodes at the highest 
point of mesenteric ligation.*!! Although more recent ef- 
forts attempting to confirm this observation have been 
sporadic, a study from St. Mark’s Hospital published 50 
years after the introduction of the modification appears 
to confirm the prognostic value of nodal levels.'* Despite 
these demonstrations, only a vestige of this modification 
remains in a currently employed classification scheme.'? 
The studies assessing the propriety of this modification 
failed to consider that the effect on prognosis attributed 
to node levels may have simply been due to an imbalance 
of the number of positive nodes and tumor penetration. 
It is evident that the criteria for the level of positive nodes 
employed in the analysis presented herein is a departure 
from the actual description proposed by Dukes, namely 
the involvement of nodes nearest to the point of ligature 
of the superior hemorrhoidal artery following the resection 
ofa rectal cancer. The implementation of the modification 
as stipulated by Dukes is made difficult by the marked 
variations that exist in the selection of the high point of 
mesenteric ligation. A “C,” lesion can be converted to a 
“C,” lesion simply by altering the level of the mesenteric 
resection (particularly in carcinoma of the colon). More- 
over, this analysis was not intended to determine the ther- 
apeutic utility of “high” or “low” ligation of the mesenteric 
vessels but rather to determine the prognostic significance 
of the location of histologically involved nodes. As a con- 
sequence, it was decided that the assessment of positive 
nodes proximal or remote from a point 2 cm from the 
bowel wall represented a satisfactory model for the as- 
sessment of the /evel of positive nodes. 

The utility of the remaining two discriminants, namely 
the depth of tumor penetration and the number of positive 
nodes, is considerably less controversial. The Dukes clas- 
sification scheme proposed in 1932 failed to subdivide 
patients with histologically positive nodes on the basis of 
the depth of tumor penetration. At the time of formulation 
of the Dukes classification, it was commonly believed that 
lymph node metastases occurred only when there was full 
thickness penetration of the bowel wall, and, accordingly, 
once nodal metastases were in evidence, it was theorized 
that depth of tumor penetration was of little prognostic 
significance. By introducing a subdivision of the Dukes’ 
C category, Astler and Coller clearly implied that the depth 
of penetration of the bowel wall had prognostic signifi- 
cance that was independent of the presence of nodal me- 
tastases. Although this contention could not be confirmed 
from the small number of patients analyzed in the initial 
publication of Astler and Coller, subsequent efforts'* sug- 
gested that depth of penetration provides prognostic in- 
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formation that is independent of the presence of nodal 
metastases. This study and others suffered from the failure 
to take into account the possible correlation between depth 
of tumor penetration and the number of positive nodes. 

The prognostic value of the number of positive nodes 
in colorectal cancer is not a recent observation, and nu- 
merous publications are available in which survival could 
be correlated with the number of positive nodes.?!!:!4"'6 
The prognostic significance of the number of positive 
nodes was not unknown to Dukes, and it is of some in- 
terest that he elected to modify his scheme on the basis 
of nodal levels rather than on a discriminant that seemed 
to be at least of equal strength and more readily quanti- 
fiable.> The rediscovery of the importance of the number 
of positive nodes and the introduction of this discriminant 
into a staging scheme have occurred relatively recently. 
This modification has gained in popularity to the extent 
that it has, in some instances, supplanted the more con- 
ventional Astler and Coller modification emphasizing 
depth of tumor penetration.” 

The data from this analysis indicate that when each of 
the three putative prognostic discriminants was examined 
as an independent variable without regard for possible 
confounding effects of the other two variables, each seem- 
ingly had a highly significant impact on prognosis. How- 
ever, the effect attributable to the level of positive nodes 
could be explained in large part on the basis of the con- 
founding influence of the number of positive nodes and 
depth of tumor penetration. Thus, the level of positive 
nodes provided little information over and above that 
contributed by the other two discriminants. It may there- 
fore be concluded that the reluctance to utilize nodal levels 
as a prognostic determinant was justified even though this 
preference had evolved on a intuitive basis rather than 
on data analysis. In contrast, the contribution of depth 
of penetration and the number of positive nodes could 
not be explained by covariate effects. Both depth of pen- 
etration and the number of positive nodes proved to be 
strong predictive discriminants, and each provided in- 
dependent prognostic information. With the exception of 
two brief reports,°'!® this observation had not been ap- 
preciated. Using both discriminants, a unique group of 
positive node patients could be identified with a prognosis 
at least as good as classical Dukes’ B lesions. This good 
risk group is characterized by partial tumor penetration 
and the presence of 1-4 positive nodes. On the basis of 
these data, it is concluded that both depth of penetration 
and the number of positive nodes represent appropriate 
modifications of the initial Dukes scheme, and that one 
discriminant should not be used to the exclusion of the 
other. It is neither the intent nor the desire of this report 
to continue the assault on the Dukes classification, and 
it is quite evident that more than enough eponymous 
variants are in existence. The data do, however, raise se- 
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rious doubt as to the propriety of the newly proposed 
classification schemes, such as the TNM, that totally ig- 
nore the number of positive nodes. It is recommended 
that stratification for future clinical trials utilizing Dukes’ 
.C patients should be carried out according to both depth 
of penetration and the number of positive nodes. 
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indications and usage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCI) Injection (a 
low-dose regimen) is indicated for the prevention of post- 
Operative deep venous thrombosis and pulmonary embo- 
lism in patients undergoing major abdominal, thoracic, or 
pelvic surgery (see DOSAGE AND ADMINISTRATION). 
Such prophylaxis should generally be reserved for patients 
over the age of 40 who are undergoing major surgery. 
Contraindications: Embolex (dihydroergotamine mesy- 
late and heparin sodium; with lidocaine HC!) treatment is 
contraindicated in patients who have previously shown 
hypersensitivity to heparin, ergot alkaloids, or lidocaine 
This combination is also contraindicated in patients with 
known peripheral vascular disease, coronary insufficiency, 
angina, severe hypertension, impaired hepatic or renal 
function, sepsis, severe thrombocytopenia, or in patients 
receiving oral anticoagulant therapy. 

Heparin should not be administered to patients with an 
uncontrollable active bleeding state, or patients unable to 
submit to suitable blood coagulation tests (e.g., whole 
blood clotting time, partial thromboplastin time). While 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI} contains heparin, this con- 
traindication refers to full dose heparinization. Embolex 
{dihydroergotamine mesylate and heparin sodium: with 
lidocaine HCI), which utilizes low dose heparin as one of 
its components, does not require monitoring of patients 
having normal coagulation parameters. 

DHE possesses oxytocic properties. Therefore, Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection should not be administered dur- 
ing pregnancy. 

Warnings: Need to Rule Out Bleeding Disorders: All patients 
should be screened prior to administration of Embolex 
(dihydroergotamine mesylate and heparin sodium: with 
lidocaine HCI) prophylaxis to rule out bleeding disorders: 
appropriate Coagulation tests should be repeated just prior 
to surgery. Test values should be normal or only slightly 
elevated at these times. 

Caution in Disease States in Which There is an increased 
Danger of Hemorrhage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with tidocaine HCI} injection 
should be used with extreme caution in disease states in 
which there is increased danger of hemorrhage. The poten- 
tial for increased bleeding both during and after surgery 
should be considered. Some of the conditions in which 
increased danger of hemorrhage exists are: 
Cardiovascular: Subacute bacterial endocarditis; severe 
hypertension. 

Surgical: During and immediately following (a) spinal tap 
or spinal anesthesia or {b} major surgery, especially involv- 
ing the brain, spinal cord, or eye. 

Hematologic: Conditions associated with increased bleed- 
ing tendencies, such as hemophilia, thrombocytopenia, 
and some vascular purpuras. 

Gastrointestinal: Ulcerative lesions and continuous tube 
drainage of the stomach or smali intestine: liver disease 
with impaired hemostasis. 

Thrombocytopenia; Thrombocytopenia has been reported 
to occur in patients receiving heparin with a reported inci- 
dence of 0 to 30%. Mild thrombocytopenia (count greater 
than 100,000/mm3} may remain stable or reverse even it 
heparin is continued. However, thrombocytopenia of any 
degree should be monitored closely if the count falls below 
10€,000/mm% or it recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUTIONS), Embolex {dihy- 
droergotamine mesylate and heparin sodium; with lidocaine 
HCD administration should be discontinued. 
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Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) injection does not have fibri- 
nolytic activity; therefore it wili not lyse preexisting or estab- 
lished deep vein thrombi. If clinical evidence of 
thromboembolism develops despite Embolex (dihydroer- 
gotamine mesylate and heparin sodium: with lidocaine 
HCl) prophylaxis, this should be discontinued and tuil ther- 
apeutic doses of anticoagulants administered unless 
contraindicated. 

Arteria’ Spasm: DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do so less commonly than other ergots. This action 
appears to be dose-related; however, some patients may 
demonstrate individual sensitivity to the agent. 
Vasospastic reactions are manifested by intense arterial 
vasoconstriction, producing signs and symptoms of periph- 
eral vascular ischemia (e.g., muscle pains, numbness, cold- 
ness and pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
spasm can result in serious morbidity (gangrene) or death, 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) shouid be discontinued imme- 
diately `f signs or symptoms of vasoconstriction develop. 
in worldwide experience with Embolex ({dihydroergot- 
amine mesylate and heparin sodium: with lidocaine HC), 
representing about 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating conditicn 
such as sepsis. In most cases, Cessation of Embolex {dihy- 
droergctamine mesylate and heparin sodium; with lido- 
caine HCI) and institution of vasodifator therapy reversed 
the vasospasm. 

In clinical trials of Embolex (dihydroergotamine mesylate 
and heparin sodium; with lidocaine HCl) there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome”: Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resulting from irreversible aggregation of plate- 
lets induced by heparin, the so-called white clot syndrome. 
The process may lead to severe thromboembolic compli- 
cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, pulmonary embolism and stroke. 
Embolex (dihydroergotamine mesylate and heparin 
sodium: with lidocaine HC!) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance: increased resistance to heparin has 
been frequently encountered in fever, thrombosis, throm- 
bophiebitis, infections with thrombosing tendencies, myo- 
Cardial infarction, cancer and in postsurgical patients. 
increased Risk in Older Women: A higher incidence ot 
bleeding has been reported in women over 60 years of 
age. 

Laboratory Tests: Periodic platelet counts, hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardiess of the route 
of admiristration. 

Drug Interactions: Agents of the ergot alkaloid class, of 
which DHE is a member, have been shown to interact with 
antibiotics of the macrolide class, resulting in increased 
plasma levels of the unchanged alkaloid. 

Platelet aggregation is the main hemostatic defense of hep- 
arinized patients. Drugs which interfere with platelet aggre- 
gation reactions {such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxychloroquine and others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embotex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium. 

Drug/Laboratory Test Interactions: Hyperaminotranstera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage of patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are important in the differential diagnosis of myo- 
Cardiai infarction, liver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
(dihydroergotamine mesylate and heparin sodium: with 
lidocaine HCI} Injection] should be interpreted with caution, 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed to eval- 
uate carcinogenic potential of either DHE or heparin, Also, 
no reproduction studies in animals have been performed 
concerning mutagenesis or impairment of fertility. 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS. 

Nursing Mothers: Heparin is not excreted in human milk. 
it is not known whether DHE is excreted in human milk. 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Embolex (dihydroergot- 
amine mesylate and heparin sodium: with lidocaine HCl) 
Injection is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness of DHE in children 
has not been established. 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chief complication that 
may result from Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCl) administration (see 
WARNINGS). An overly prolonged ciotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug (see OVERDOSAGE). 
Deep subcutaneous administration of Embolex (dihydroer- 
gotamine mesylate and heparin sodium: with lidocaine 
HC!) Injection may produce local irritation, mild pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 
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Number and Percentage of Patients 
B TREATMENT GROUP _ 
Complication | DHE/HEP | DHE/HEP 
5000 | 2500 _| HEP 5000 | Placebo 
Excessive E) 
Postoperative | N=212 | N=227 | N=220 IN=106 
Bieeding 4 (2%) 8 (4%) 7 (3%) a 2 (2%) 
Mean i 
Change in 
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Levels in N=185 | N=169 | N=173 | N=8 
gm/100 mt >is ~14 wka ~15 
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vs. Day 5 
Postop 4 4 
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Hematomas § (3%) 4 (2%) | 7 (3%) 12 (2%) 
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[injection Site 4 24 (11%) + 27 (12%) | 26 (42%) | 7 (6%) | 
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Hematuria- 
Day 5- N=156 | N=157 | N=159 | N=77 
All Patients- 38 (24%) | 43 (27%) | 41 (26%) |28 (36%) 
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Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes, muscle pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 
Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphylactoid reactions, including 
shock, have also been reported more rarely. Itching and 
burning, especially on the plantar side of the feet, may 
occur. 
Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30%. 
While often mild and of no obvious clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
In preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting; 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
trolled trials for all treatment groups pooled: 

INSTANCES OF ADVERSE EFFECTS* 


U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) CLINICAL TRIALS 


















TREATMENT GROUP 
DHE/HEP | DHE/HEP 
5000 
232 [N= sar 

GASTRO- 
INTESTINAL 
Nausea 11 (2.3%) 1 (0.4%) | 2 (1.0%) 
Vomiting 11 (2.3%) 2 (1,0%) 
Abdominal 
Discomfort 3 (0.6%) 
GI Bleeding 3 (1.3%) 
Miscellaneous | _4 (0.8%) y 4 
CARDIO- 
VASCULAR 
Chest Pain 7 (1.5%) 2 (1,0%) 
Hypertension 2 (0.4%) | 2 (0.8%) 
Myocardial 
Infarction 2 (0.4%) | 1 (0.4%) 1 (0.4%) 
Shortness of 
Breath 2 (0.4%) 
Tachycardia 2 (0.4%) | 1 (0.4%) 
| Miscellaneous | 6 (1.3%) | 2 (0.8%) | 2 (0.9%) J. 
CNS | 
Pyrexia 3 (0.6%) 
peed 5 (1.0%) 4 1 (0.4%) |2 (1.0%) 
SKIN 
Rash 8 (1.7%) | 1(0.4%) | 1 (0.4%) 12 (1.0%) 
Miscellaneous | 9 (1.9%) { 1 (0.4%) 2 (1.0%) | 























“Not ail of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI), as these postsurgical patients 
received other drugs. 
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heparin sodium; with lidocaine HCI) injection is available 
as a single ampul in packages of 20 and 100 as foliows: 
PHE 0.5 mg/2500 USP Units Heparin/Lidocaine HCI 

Jd mg 
Package of 20 ampuls (NDC 0078-0118-03)}. 
Package of 100 ampuls (NDC 0078-0118-05). 
This combination strength is not currently available. 
DHE 0.5 mg/5000 USP Units Heparin/Lidocaine HCI 

.46 mg 
Package of 20 ampuis (NDC 0078-0119-03). 
Package of 100 ampuls (NDC 0078-0119-05). 
Store and dispense: Store below 77°F (25°C), dispense 
in light-resistant containers. 


Manufactured by Sandoz, Ltd., Basle, Switzerland for 
Sandoz Pharmaceuticals Corporation, East Hanover, 
NJ 07936. 

{EMB-Z3 9/9/85} 


Printed in U.S.A. 





A Comparison of Multiple Synchronous Colorectal 
Cancer in Ulcerative Colitis, Familial Polyposis 


-Coli, and de Novo Cancer 





ADRIAN J. GREENSTEIN, M.D. 
GARY SLATER, M.D. 


Multiple synchronous colorectal cancer (MSCC) among 1537 
patients (69 with familial polyposis coli (FPC), 780 with ulcer- 
ative colitis (UC), and 685 with de novo colorectal (DNC) cancers) 
admitted to The Mount Sinai Hospital between 1945 and 1981 
was tabulated. MSCC occurred in five of 24 cancer patients with 
FPC (21%), in 12 of 65 cancer patients with UC (18%), but in 
` only 17 of 685 DNC patients (2.5%). The proportions of MSCC 
cases with more than two tumors were also much 
greater in the former two groups (UC 6/12 = 50%, FPC 
3/5 = 60%) than in DNC (0/17 = 0%). Maltiplicity of cancers 
is thus a distinguishing feature of UC and FPC. MSCC differed 
from solitary cancers by association with older age and more 
advanced stage at diagnosis in patients with FPC and by a right- 
ward shift in anatomic distribution in all patients, especially those 
with FPC and UC. 


r 


HE SIMULTANEOUS OCCURRENCE of multiple pri- 

mary malignancies was noted by Billroth in 

1889.! Colorectal cancers are most frequently 

solitary, but multiple cancers occur in a small percentage 

of cases. The frequency of such synchronous lesions is 

generally recognized to be much greater with ulcerative 

colitis?“ and familial polyposis coli’ than in the general 

population.*'° Since the reported incidences of multiple 

tumors are quite variable, and since there has been no 

direct comparison of these three groups in the same hos- 

pital population, we have studied the occurrence of mul- 

tiple synchronous colorectal cancers seen at The Mount 
Sinai Hospital over a 35-year period. 


Material and Methods 


We have retrospectively examined the records of 1537 
patients with multiple polyposis coli, ulcerative colitis, or 
de novo colorectal cancer, admitted to The Mount Sinai 
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From the Departments of Surgery and Medicine, * Mount 
Sinal School of Medicine of the City University of New York 
and The Mount Sinai Hospital, New York, New York 


Hospital during various intervals between 1945 and 1981. 
Twenty-four of 69 familial polyposis coli patients (35%) 
admitted between 1945 and 1981 developed colorectal 
cancer, and five of these 24 cases (21%) had multiple syn- 
chronous cancers. Sixty-five of 780 ulcerative colitis pa- 
tients (8.3%) admitted between 1960 and 1981 developed 
colorectal cancer, and 12 of these 65 cases (18%) had mul- 
tiple synchronous cancers. Among 685 patients with de 
novo colorectal cancer admitted between 1975 and 1981, 
only 17 (2.5%) had multiple tumors. 

The diagnosis of ulcerative colitis was made on a clin- 
ical, radiological, and/or endoscopic basis in all cases and 
was confirmed pathologically on all biopsied or resected 
specimens. Cases with skipped areas, ileal disease, right- 
sided colitis, granulomas, fissures, or transmural inflam- 
mation suggestive of Crohn’s disease were excluded from 
the series, as were those in which specific pathologic micro- 
organisms were cultured. The diagnosis of familial pol- 
yposis was. made by the gross appearance of more than 
100 polyps, confirmed histopathologically to be adeno- 
matous. 

To establish the diagnosis of multiple synchronous car- 
cinomas, we adapted the criteria of Warren and Gates.'! 
Each cancer was diagnosed macroscopically and micro-. 
scopically as a separate primary malignancy and not a 
metastasis, and each tumor was clearly separated from 
any adjacent tumor by an area of normal intact bowel 
wall. Although other series have accepted as “synchro- 
nous” any lesion occurring separately and resected at a 
second operation within 6 months of the primary exci- 
sional operation, we have included only those tumors oc- 
curring simultaneously in the same specimen; the figures 
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PROPORTIONS OF 
CANCER CASES WITH MULTIPLE CANCERS 
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DE NOVO ULCERATIVE MULTIPLE 


COLITIS POLYPOSIS 
Percent with: []-Single EZ-Multipie(2) BB -More then two 
No.ofcancers: Pts Cancers Pts Cancers Pts Cancers 
1 668 (668) 53 (53) t9 (19) 
2 17 (34) 6 (12) 2 (4) 
3 0 (0) 5 (15) H L3 
4 O (0) 1 (4) 1 (4) 
5 0 (0) o (0) | (5) 
Total: 685 (702) 65 (81) 24 (35) 


Fic. 1. The proportions of colorectal cancers with multiple cancers is 
shown. There are significantly more patients with two or more than two 
cancers in ulcerative colitis, and polyposis, than in de novo rectal cancer. 


reported here may thus slightly underestimate the true 
incidence. 

Patients were divided into two groups, according to the 
stage of disease. Early cancers were defined as Dukes’ 
stages A and B, and advanced cancers as Dukes’ stages C 
and D,'* 


Results 


There was a markedly higher frequency of multiplicity 
in ulcerative colitis-related cancers (12/65 = 18%) and 
polyposis-related cancers (5/24 = 21%) than in de novo 
colorectal cancers (17/685 = 2.5%). Moreover, the pro- 
portions of multiple-cancer cases with more than two 
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synchronous cancers were also much greater for both of 
these premalignant conditions (colitis 6/12 = 50%, pol- 
yposis 3/5 = 60%) than for de novo cancers (0/17 = 0%) 
(Fig. 1). 

The mean age of patients with de novo colorectal cancer 
(70 years), was much higher than that of patients with 
colitis-related (49 years), or polyposis-associated cancers 
(40 years) (see Table 1 and Fig. 2). The mean age at di- 
agnosis of cancer was virtually the same for multiple as 
for single cancers associated with ulcerative colitis (46 vs. 
50 years) and de novo cancer (67 vs. 70 years). By contrast, 
polyposis coli patients with multiple cancer were consid- 
erably older than those with single cancer (52 vs. 37 years) 
(see Table 1). As the mean age at onset of ulcerative colitis 
was identical, 27 years, the duration of colitis before de- 
velopment of either multiple or single cancers was similar 
(17 vs. 21 years). 

There were more male than female patients with de 
novo colorectal cancer, (M:F = 388:297 = 57% male) and 
ulcerative colitis-associated cancer (M:F = 41:24 = 63% 
male), and fewer with polyposis-associated cancer (M:F 
= 8:16 = 33% male); but in each group there was no 
significant difference in the male-to-female ratios for 
multiple vs. solitary cancers. 

A comparison of the anatomical sites of cancer in the 
three groups of patients is shown in Table 1 and Figure 
3. In all groups of patients, solitary cancers were found 
more frequently in the left side (i.e., distal to the splenic 
flexure): 62% for ulcerative colitis-related cancer, 84% for 
polyposis-related cancer, and 68% for de novo cancer. 
Figure 3 shows that the distribution of multiple cancers 
remained predominantly left-sided in de novo cases but 
was significantly shifted to the right side in both ulcerative 
colitis and polyposis-related cases (p < 0.01). 

Multiple polyps were by definition present in all the 
multiple polyposis cancers, but true adenomatous polyps, . 
as distinct from pseudopolyps, were not found in the ul- 
cerative colitis patients, in whom premalignant changes 
are not necessarily associated with polyp formation. 
However, nine of the 17 patients with multiple de novo 
cancers (53%) had additional polyps in the resected seg- 
ment. 

The stages of the cancers at the time of surgery are 
shown in Table 2 and Figure 4. Multiple cancers proved 
to be no more advanced than single cancers, except in 
the polyposis patients in whom the finding of multiple 
cancers was associated with a 15-year old mean age. In 
de novo colorectal cancer, all the advanced cancers were 
in the index group. The second cancers were found in- 
cidentally at pathology in almost all de novo cancer cases 
and were all in categories A and B of the Dukes classifi- 
cation. Thus the C and D lesions actually comprise 48% 
of the index cancers (Fig. 4). 
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TABLE 1. Comparison of Multiple and Solitary Colorectal Cancers in Ulcerative Colitis, Familial Polyposis, and the Normal Population 


De Novo Cancers Ulcerative Colitis Cancer Familial Polyposis 
Single Multiple Single Multiple Single Multiple 
_ Total number of patients in series 685 780 69 
Number of patients with cancer l l i j j l 
(mean age) 685 (70 yrs.) 65 (49 yrs.) 24 (40 yrs.) 
668 (70) 17 (67) 53 (50) 12 (46) 19 (37) 5 (52) 
Male:Female (377:291) (11:6) (32:21) (9.3) (7:12) (1:4) 
Total cancers 668 34 53 31 19 16 
(%) (%) (%) (%) (%) (%) 
Cecum 104 (16) 4 (12) 6(1) § (17) 2q)) 3 (19) 
Asc. colon 23 (4) 5 (15) 6 (11) 10 (33) 0 (0) 3 (19) 
Hepatic flexure 30 (5) 3 (9) 2 (4) 0 (0) 1 (5) 1 (6) 
Transverse coion 27 (4) 4 (12) 4 (8) 6 (17) 0 (0) 2 (13) 
Splenic flexure 29 (4) 0 (0) 2 (4) 0 (0) 0 (0) 1 (6) 
Descending colon 30 (5) 2 (6) 2 (4) 5 (17) 1 (5) 0 (5) 
Sigmoid colon 255 (38) 11 (32) 18 (34) 2 (7) 9 (47) 0 (0) 
Rectum 170 (25) 5 (15) 13 (25) 3 (10) 6 (32) 2 (13) 
Right side (colon + ascending colon) 127 (19) 9 (27) 12 (23) 15 (48) 2(11) 6 (50) 
Tv. colon + flexures 86 (13) 7 (21) 8 (15) 6 (19) 1 (5) 4(17) 
Left side 455 (68) 18 (53) 33 (62) 10 (33) 16 (84) 2 (33) 
* f t 





+ Chi square right side vs. left side in multiple vs. single groups, p 
< 0.005 and p < 0.01, respectively. 


* Chi square right side vs. left side in multiple vs. single groups, x? 
= 0.29, N.S. 


Discussion Although other authors have described cases of more 
than two, and up to five, multiple synchronous de novo 
colorectal cancers,®!62!30 we did not find any such cases 
in our series. On the other hand, multiplicity beyond two 


cancers occurred in over half the multiple-cancer cases 


In this series, the proportions of multiple synchronous 
cancers (2.5% for de novo colorectal cancer, 18% for ul- 
cerative colitis-related cancer, and 21% for polyposis-re- 
lated cancer) are comparable to those published in other 
reports. Table 3 shows the proportions of synchronous 
and metachronous cancers found in a survey of the lit- 
erature. The proportions range from 2.8-5.4%, 8-43%, 
and 25-44% for de novo, colitis-related, and polyposis- 
related cancers, respectively. Multiplicity of cancers thus 
appears to be a feature of the two conditions, ulcerative 
colitis and familial polyposis coli, with recognized pre- 
malignant potential. 

Our observation that polyposis patients with multiple 
cancer tended to be 15 years older than their counterparts 
with single cancers probably reflects the simple fact that 
the risk of colorectal cancer in polyposis coli increases 
steadily with age. In other words, the older the patient 
by the time of surgery, the more likely that additional 
cancers will have developed. It is interesting that while 
cancer risk in ulcerative colitis also increases with disease 
duration'*!* and hence secondarily with age, other pre- 
malignant factors besides time alone must be operative 
in this group, since multiplicity in our colitis-related can- 
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53 65 i2 


665 685 I7 
DE NOVO 
COLORECTAL 
CANCER 


No of cases: 
FAMILIAL 

POLYPOSIS 
CANCER 


ULCERATIVE 
COLITIS 
CANCER 


cer cases was associated with a slightly younger age group 

(46 vs. 50 years). Perhaps anatomical extent of colitis, 
another important determinant of age-related risk," 

played a role that we have not analyzed in this study. 


FIG. 2. The mean ages of patients with de novo colorectal cancer, ulcerative 
colitis cancer, and familial polyposis cancer are shown for single, multiple, 
and all cancers. Patients with de novo cancer are the oldest, those with 
familial polyposis the youngest, and ulcerative cancer patients inter- 
mediate in age at the time of diagnosis of the cancer. 
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4l ingle 


ultiple 


RATIO RIGHT TO LEFT SIDED LOCATIONS 








0 DE NOVO COLITIS POLYPOSIS 
CANCER TYPE 
Percentage right: 19 27 23 48 i6 50 
Percentage left: 65 53 62 32 84 33 
Ratio: 0.28 0.50 036 15 O19 15 


Fic. 3. Proportion of right-sided to left-sided locations of solitary vs. 
multiple colorectal cancers. Right side is defined as cecum and ascending 
colon, and left side as descending colon and rectosigmoid; transverse 
colon cases are omitted. In de novo cases, there is no difference in the 
predominantly left-sided distribution between single vs. multiple cancers, 
whereas, in the colitis and polyposis groups, multiplicity is associated 
with a marked rightward shift. 


among our ulcerative colitis and polyposis patients. In- 
deed, a considerable proportion of ulcerative colitis cancer 
are not only multiple, but often diffuse or extensively in- 
filtrating.? Two of our patients had multiple areas of dys- 
plasia or of diffuse superficial carcinoma or carcinoma- 
in situ, in addition to the three described cancers. One of 
these patients, listed as having three cancers, had what 
appeared macroscopically to be seven separate cancers. 
Unfortunately, sections of the additional four areas were 
not available for review. Four of our first 26 cases had 
extensive infiltration into adjacent areas. Similar diffuse 
or multiple cancers have been described in Crohn’s dis- 
ease,?®?® indicating the diffuse multifocal nature of the 
premalignant epithelial changes in both of these forms of 
inflammatory bowel disease. 

Patients with multiple de novo cancers seemed to have 


TABLE 2. Stage of Disease According to Dukes Classification at 
Surgery for Solitary and Multiple Colorectal Cancers 
Colitis Cancer 


De Novo Cancer Polyposis Cancer 





Stage Single Multiple Single Multiple Single Multiple 
Se caer rc AC A EI nA a 


A 71% 12% 11% 19% 21% 19% 
B 49% 64% 46% 29% 52% 19% 
C 28% 21% 13% 52% 11% 62% 
D 16% 3% 30% 0% 16% 0% 
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RATIO EARLY TO LATE CANCER 
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i 
IH AL 
š 
O t 
DE NOVO COLITIS POLYPOSIS 
CANCER TYPE 
(index) 
Percentage early: 56 46(52) 57 48 73 38 
Percentage late: 44 24(48) 43 52 27 62 
Ratio) 13 3111) 13 O89 27 06 


Fic. 4. Proportions of early (Dukes’ A and B) to late (Dukes’ C and D) 
stagings of solitary vs. multiple colorectal cancers. There is no difference 
in staging of single vs. multiple colitis-related cancers. In polyposis-related 
cases, multiple cancers are farther advanced than solitary tumors, but 
the patients are also an average of 15 years older. In the de novo group, 
multiple cancers are less advanced than single ones, but this is an artifact 
of the secondary tumors being incidentally discovered in early stages; in 
cases of multiple cancers in this group the index cancers are no different 
from the solitary ones. 


a lower proportion of advanced stage cancers than their 
counterparts with solitary tumors (24% vs. 44%). Other 
series have also suggested lower proportions of advanced 
lesions (7-40%) among multiple cancers”? than among 
solitary cancers (42-47%).'73!2 This observation, how- 
ever, is merely an artifact of the relatively early staging of 
second cancers found incidentally upon colonoscopy” or ` 
upon pathological review of resected specimens.?!° In 
the de novo group, all the second cancers were stage A 
and B, so that the 48% proportion of advanced stages 
among the index cancers was similar to the 44% for sol- 
itary cancers. 

In ulcerative colitis, Lavery et al.” found 59% of in- 
vasive cancers to be Dukes’ C or D cancers,'! and Johnson 
et al.” found 57% to be advanced. At St. Mark’s, 41% fell 
into the C category.’ The figures in our colitis group of 
43% for single cancers and 52% for multiple cancers are 
in the same general range. 

In Bussey’s series of multiple polyposis patients at St. 
Mark’s Hospital,° the proportions of advanced cancers 
for both single and multiple cancers were almost identical 
with our figures. Among 124 cases, Bussey found a 36% 
proportion of advanced stages among solitary cancers, 
compared to 64% of advanced stages among multiple 
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TABLE 3. Multiple Colorectal Carcinomas 
Total Number with 
AuR Number Multiple % 
Author Year Cancers Cancers Incidence 
Be Novo 
Moertel et al.'° 1958 6012 261 4.3* 
Glenn et al.® 1966 1026 59 (S + M) 5.8 
Bussey et al.’ 1967 6309 164 (S) 2.6 
82 M) 1.3 
Devitt et al.’ 1969 1140 25 (S) 2.2 
McSherry etal? 1969 =: 1625 46 (S) 2.8 
76 M) 4.7 
Franklin et al.” 1970 314 17 ($) 5.4 
9 M) 2.9 
Travieso et al.” 1972 2230 34 (S) 1.5 
13 (M) 0.6 
Mzabi et al.” .1976 656 19 (S) 2.8 
Heald et al’ 1975 4884 83 (M)t 1.6 
157 (S) 3.2t 
Hancock” 1975 831 46 (S) 5.5 
Lasser et al,?! 1978 1002 62 (S) 6.2 
Lee et al.“ 1982 308 10 (S) 3.2 
3 M) 0.97 
1982 30275¢ 1407 4.6 
Enker et al”? 1978 3842 68 (S) 1.88 
P 53 (M). 1.4 
` 13 M) L1 
Langevin etal? 1984 166 8 (S) 4.8 
Present series 1984 685 17 (S) 25 
(With Perioperative or Postoperative Colonoscopy) 
Appel® 1976 14 1 (S) 7.0 
Reilly et al. 1982 92 7(S) 7.6 
78 6 (M) 7.7 
Maxfield 1984 90 4(S) 4.4 
Ulcerative colitis semua 
Bargen“ 1928 14 6 43 
Goldgraber et al.’ 1964 33 14 42 
Edwards et al.“ 1964 22 5 23 
Welch et al,“ 1965 25 2 8.0 
Hinton“ , 1966 32 7 22 
Kewenter et al? 1978 17 2 12 
Greenstein et al.’ 1979 26 3 12 
L Nugent et al.” 1979 23 6 21 
` Ritchie et al. 1981 67 15 22 
Ohman” 1982 29 5 17 
Present series 1984 65 12 18 
Familial Polyposis ; 
Bussey! 1975 151 67 (S) 44 
Present series 1984 24 5 (S) 21 
4(M) 17 


S = single; M = multiple. 

* Autopsy and surgical series including ulcerative colitis and familial 
polyposis. 

+ Among metachronous 18 missed synchronous cancers. 

+ Collected series. 

§ Including four with ulcerative colitis and familial polyposis and three 
with multiple adenomas. 


cancers. Our figures were 37% and 62%, respectively (see 
- Table 2). Once again, this apparently worse prognosis for 
-multiple cancers in polyposis coli, like the 15-year older 

mean age for the patients, is probably just a reflection of 

delayed diagnosis and later surgical intervention. 
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bly the most sensitive indicator of liver dysfunction Meaningful 
(three times the upper limit of normal) elevations of SGPT or 
SGOT (AST) occurred in controlled clinical trials in approx: 
mately 1% of patients. A patient with symptoms andor signs 
suggesting liver dysfunction, or in whom an abnormal liver test 
has occurred, should be evaluated tor evidence of the d 
ment of more severe hepatic reactions while on therapy witt 



































SUPROL. Severe hepatic reactions, including jaundice. have 
as with other nonsteroidal 


been reported with SUPROL as wel 
anti-intflammatory drugs Although such rea 
normal liver tests persist or worsen clinical signs and symp 
toms consistent with liver disease develop, or if systemic 
manifestations occur (e g . eosinophilia, rash, etc ) PROL 
should be discontinued ice liver reactions can be fata 
Peripheral edema Peripheral edema has been observed in 5% 
of patients receiving long-term therapy Therefore, SUPROL 
should be used with caution in patients with fluid retention, heart 
e or hypertension 

almic Symptoms Ophthalmologic examinations per 
formed on long-term patients both prior to initiation and after dis 
continuation of therapy failed to show any drug-related eye 
changes Three to 9% of patients reported changes in visua 





tons are rare. if ab 



























in animals, |e , attenuated retinal vasculature, retinal degener 
ation and cortical opacities in rats treated with 25 or 35 ma/kg 
Gay (approximately the human dose) for 24 months ( 
treatment). it is recommended that patients who develop visual 
complaints during treatment with SUPROL have an ophthalmo 
logic evaluation 

Drug Interactions Although suproten is highly protein bound 
(see CLINICAL PHARMACOLOGY). in vitro studies have shown 
that SUPROL does not disp! phenytoin, warfarin or tolbuta 
mide from their plasma protein-binding sites As a result. the 
concomitant administration of SUPROL (suprofen) with highly 
protein-bound, weakly acidu erapeulic agents would not be 
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SIS and glucose metabolism. patients on anti 
coagulant or hypoglycemic therapy should be 
j while on SUPROL (suprofen). as with other r 
t-inflammatory drugs 
Patients taking diuretics are at greater risk of developing rena 
condary to a decrease in renal blood flow caused z y 
ndin inhibition by nonsteroidal anti-inflammatory 
drugs. including suproten (See PRECAUTIONS General ) 
Drug/Laboratory Test interactions. The drug has been shown to 
inhibit platelet aggregation and prolong tempiate bleeding 
in vivo. Dut the platelet function begins to normalize v 
hours and approaches normal within 24 hours after the last 
of SUPROL Therefore, patients who are taking ¿ 



















therapy should be carefully observed while SUPROL is 
administered 
Carcin Mutagenesis. Impairment of Fertility Twe 





year Studies in rats and an 18 month Study in mice were per 
formed 'o evaluate the carcinogenic potential of the drug The iri 
ha udy had inadequate vival In mice ar f 

incidence of benign liver tumors occurred in female 
of 40 mg/kg day (approximately three times the human do: 
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Treated male mice (doses of 2 5. 10. and 40 mg/kq day) alst 
had an ncreased incidence of hepatomas inot dose related 
when mpared to control animals. No evidence ¢ arcinoge 





nicity was found in doses as high as 40 mg kg day in the rat and 

mouse 3ased on a battery of M 

nuc and dominant lethal) 

mutagenic potentia 
Reproductive studies in rats at a dose of up to 40 ma’kq/day 
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ever. tes'icular atrophy/hypoplasia was observed in a 
dog study (at 80 mg/kg/day) and a 12-month rat study (at 40 
mg/kg day 

Teratogenic Effects. Pregnancy 
tes have been performed in rabt 
day (approximately 15 times tt 
dose Up 80 mg/kg/day (apr 
dose) In rats. doses of 40 mg’k ay and above. and in rabb 
dose mg/kg/day and above resulted in an increz 
cidenc f fetal resorption associated with materna! toxicity 
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There ease in stillbirths and a decrease in ç 

surviva nt rats treated with suproten at 2 5 mg 

and above As with other drugs known to inhibit prostaglanair 
synthe an increased 





cidence of delayed parturition ac 
here are no adequate and we trolled 
egnant women. this drug should be use uring 
pregnancy only if clearly needed Because of the known eftect 
of drugs of this class on the fetal car scular systerr 5 
of ductus arteriosus), use during late pregnancy 
avoided 
Nursing Mother 
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The excretion of SUPROL in milk atter a single 





dose to nursing mothers has been measured Peak concentra 
tions of SUPROL in milk. 012 23 mcg/ml at one t0 ‘wo t 









were app valely 1% of the peak plasma 
fell to 0 024-0107 m 


oncentra 
g/m! four hours after drug admin: 
The maximum total daily sure of a nursing intant t 
SUPROL ming nursing at time of p 
calculates from this study to be 0 U3-0 06 mg/kg/d hich 
represents 0 015% to 0 03% of the usual daily adult ¢ Cau 
tion is adv'sed tn the use of SUPROL in nursing womer ethe 
safety ot SUPR in human neonates has not been established 
Pediatric Safety and in children have not 
been est ed 
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whom 537 were treated for at least three months, 331 treated for 
al least six months. and 103 for at least one year 

Gastrointestinal symptoms were the most trequently reported 
adverse experiences, ranging from 10 to 20%, in SUPROL 
(suprofen) long-term studies (see below) 

Fifteen to 20% of patients dropped out of long-term studies 
because of adverse effects 

The incidence ot adverse reactions in approximately 2.000 pa 
tients receiving short-term therapy. for mild to moderate pain or 
dysmenorrhea. was, in nearly all cases, lower than those listed 
below 
Incidence Greater Than 1% — Gastrointestinal The most tre 
quent adverse reaction occurring with SUPROL administration 
was nausea which occurred in about 15% of the patients Re 
ported less frequently were Dyspepsia, 13%. loose stools/di 
arrhea. 10%, gastrointestinal distress, * abdominal pain," 
constipation.* vomiting,* flatulence.” gastrointestinal bleeding 
stoma and other bowel changes 

Central Nervous System. Headache * dizziness." sedation * 
mood changes." sleep disturbances,” and paresthesia 

Body as a Whole Pain’ and asthenia 
ular/Respiratory Edema * 
piratory).* hypertension and palpitatior 
Dermatological Dermatitis,” pruntus.” and skin irritation 
Hematologic Purpura and bleeding 
Genitourinary Urinary frequency. dysuna. and pyuna 
Musculosk Muscle cramps.” bursitis 
Changes in vision, conjunctivitis. and 











Cardiova congestion (upper re 








Special Sen 
tinnitus 
*Reactions occurring in 3% to 99 





of patients treated with 
SUPROL Reactions occ irring in fewer than 3% of the patients 
are unmarked 

Incidence Less Than 1% (Causa! Relationship Probable) 
The following adverse reactions, some of which have been re 
ported during post-marketing use abroad. occurred less fre 
quently than 1 in 100 The probability exists that there 1s a ¢ a 
relationship between SUPROL and these adverse reactions 

Body as a Whole Acute allergic reactions with dyspnea and 
epigiottal and/or laryngeal edema. anemi 

Gastrointestinal Peptic ulcers, gastroenteritis 

Cardiovascular Epistaxis 

Dermatologic Rash 


Centra rvous Systerr 
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Appetite changes 

Urogenital Acute nephritis 

Incidence Less Than 1% (Causal Relationship Unknown) 
Other adverse reactions reported during clinical trials or post 
marketing use h a frequency of less than 1 in 100. but under 
circumstances in which a causal relationship between SUPROL 

















reactions are being listed a 
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ormation for the phys: 
Jilıty of a Causal relationship cannot be 





excluded 
Gastrointestinal Jaundice 
Cardiovascular/Respiratory Tachycardia 
Hematological Thrombocytopenia. acute hemolytic anemia 
eukopenia 





Genitournary Lime green urine 
Drug Abuse and Dependence: SUPROL (supraten) +s a non 
St dal anti-inflammatory agent and. therefore, is a non nar 
colic, non-addicting analgesic drug 

Patients receiving SUPROL for up to six months have not de 
j tolerance to the drug 

IMPORTANT Full directions for use should be read betore ad 
ministering or prescribing SUPROL (suprofen) Capsules 

For information on symptoms and treatment of overdosage 
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Colon Surgery for Canes in ne Vee Elderly 


Cost and 3-Year Survival 





KIRTLAND E, HOBLER, M.D., M.S. 


‘Is colon cancer surgery justified in the very elderly from the 
standpoint of cost and 3-year suryival rates? Two hundred eighty 
patients undergoing major surgery for colon cancer ‘during 1981- 
1983 were divided into a group of 61 with ages greater than or 
equal to 80 (GE80) and 219 less than 80 (LT80). Although those 
GE80 had higher median lengths of stays (18 ys. 15 days, p 
= 0.013) and hospital charges ($7845 rs. $6414, p = 0.002) than 
< those LT80,.- there was no difference 3-year survival curves 
` (Mantel-Cox. p = 0.7155). Proportional Hazards Linear Mode! 
(multivariate) analysis showed that the risk of mortality could 


be predicted by, disease stage (p < 0.0001) or type of operation ` 


required (p < 0.0001) but not by:age group (p = 0:4552). It is 
concluded that’surgery for colon cancer in the yery elderly is 
deste Distr sho not a a tp baste of bas ene 


\HE NUMBER of people j in the United States over 
the age of 85 has increased 48% during the years 


t970. through 1980,! and similar increases arẹ ` 


crate for the current decade.” It is not. surprising, 
therefore, to see an increased number of very elderly pa- 
_ tients undergoing surgery for colon cancer and an in- 


m creased number being presented at monthly: mortality 


conferences. However, ‘current trends toward (1) cost 
containment and (2) allowing the very elderly to “die with 
dignity” and increasingly without intensive treatmerit 
have prompted some to wonder whether it is improper 
to operate on so many of these very elderly, do they present 


an unacceptably high. risk; and what are the costs and 


outcomes? 


Method 


` The present study examines all patients discharged from 
eee Parkridge, s St. Mary’s hospitals who had 
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undergone majar surgery for c cancer cof the colon (cenin 
to rectosigmoid junctión) during 1981-1983. Resections 
included Hartmann resections but excluded tow anterior 
and abdominoperineal resections of the rectum. Palliative 
procedure were defined as (1) colostomies or bypass pro- 
cedures done as the primary surgical cancer treatment or 
(2) other major procedures done for a principal diagnosis 
of colon cancer (e.g:, small bowel resection for obstruction 
due to cancer). These data, abstracted from the Rochester 
Area Hospitals’ Corporation data base, were merged by 
name’ or ‘chart ‘number with 1981-1983 data from the ; 
Rochester Tumot registry to add follow-up information 
arid cancer stages (local, regional, and: distant). ` 

A total of 280 ‘cases was divided into two age groups: 
61 (22%) with ages greater than ‘or equal to 80 (defined 
in this study as “very elderly” or GE80) and 219 less than 
80 (LT80). The Statistical Analysis System was used, and 
statistical significance deterntined by the Wilcoxin-Rank 
Sum Test for differences in lengths of stay (LOS) and total 
charges; Manitel-Cox for survival’ curve analysis, arid pro- 
a hazards. linear model procedure for multivariate 

analysis. LOS and chargé data wete expressed i in median 

values with 95% confidence intervals. 


"Results 


The LOS of the very elderly undergoing any major pro- 
cedure for cancer of thé colon were 15 days (14, 16), which 
were statistically significantly longer (p= 0. 013) than ‘the 
LOS, 18 days (19, 28), of those less than 80. Total hospital 
charges. in the GE80 undergoing | any major procedure 
were also. higher, $7845 (6816, 8376), p = 0.002, than i in 
the LT80 group, ya 14 (5893, 6894). 
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Fic, 1. Three-year survival by procedure. Percentage survival at 1, 6, 12, 
24, and 36 months of 259 patients having resection and 21 patients 
having palliative procedures, Mantel-Cox p < 0.0001. 


Figure 1 describes the expected difference (p < 0.0001) 
in 3-year survival between 259 patients who had resection 
for cancer and 21 who had palliative procedures as their 
principle surgery. Since the very elderly may have a dis- 
proportionate distribution of palliative procedures, the 259 
.patients undergoing resection were broken down by age 
group Fig. 2). There was no statistically significant qif- 
ference in 3-year survival curves among those GE80 or 
LT80 (Mantel-Cox p = 0.7 155). 

; To examine whether the mortality of either age group 
was different after correcting for variations due to differ- 
ences among hospitals, stage of cancer, and the type of 
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FIG. 2. Three-year survival by age group. Percentage survival at 1, 6, 12, 
24, and 36 months of 201 patients LT80 and 56 patients GE80, Mantel- 
Cox p = 0.7155. 
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TABLE 1. Stepwise Analysis of Stage (Local, Regional, Distant), 
Procedure, and Age Group upon Risk of Mortality after 
Carrecting for Differences among Hospitals 





Risk of 
Variable Beta p Mortality 
Stage 1.2574 <0.0001 '3,5X/stage 
Resection vs. 
Palliative 1.2832 <0.0001 3.6X 
0.1834 0.4552 Not significant 


Age group 


operative procedure performed in the two age groups, a 
(stepwise) proportional hazards linear model procedure 
was performed, with hospital as the blocked variable (Ta- 
ble 1). This analysis shows that as stage increases from 
local to regional or from regional to distant, the risk of 
mortality increases -by a factor of 3.5 times (p < 0. 0001). 
The type of operation performed (either resection or one 
of the palliative procedures) was also a powerful and sig- 
nificant predictor of mortality. However, the risk of mor- 
tality was not significantly predicted by the variable age 
group (or by age as a continuous variable) after correcting 
for the above factars. ' 


Discussion 
The longer LOS and higher costs of the very elderly are 
in keeping with their difficulty in handling infection? and 
in finding satisfactory arrangements after discharge. This 
rather small added cost, however, seems little to bear if it 
is associated with a reasonable outcome. 
The fact that, following colon cancer surgery in the 


"very elderly, the 30-day mortality rate is 2.2%, better than 


overall current mortality rates,* and 3-year survival is no 
different from that of younger patients may mean that 
these very elderly patients have undergone very careful 
physician screening, and only those robust cohorts are’ 
operated. It also could mean that nature leaves behind its 
own “fit” group of very elderly who can better resist or 
avoid survival risks. 

Thus, the present study indicates that surgery for colon 
cancer should not be restricted on the basis of age alone. 
Furthermore, a satisfactory mortality and early survival 
rate can be expected in the very elderly. The risk of mor- 
tality is more a function of the stage of the disease and 
the type of surgery required by that disease stage. The 
trend toward therapeutic nihilism in the very elderly 
should be strongly resisted in the case of colon cancer. 


Summary and Conclusions 


Two hundred eighty patients undergoing major surgery 
for colon cancer during 1981-1983 were divided into a ~ 
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group of 61 with ages greater than ar equal to 80 (GE80) 


and 219 less than 80 (LT80). Although those GE80 had 
higher median lengths of stay (18 vs. 15 days, p = 0.013) 
and hospital charges ($7845 vs. $6414, p = 0.002) than 
those LT80, there was no difference in 3-year survival 
~ curves (Mantel-Cox p = 0.7155). Proportional Hazards 
Linear Model (multivariate) analysis showed that the risk 
of mortality could be predicted by disease ` stage 
(p < 0.0001) or type of operation required (p < 0.0001) 
but not by age group (p = 0.4552). It is concluded that 
surgery for colon cancer in the very elderly i is justifiable 
and should not be restricted on the basis of age alone. 
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Prognostic Significance of Severe Preoperative 
Lymphopenia in Patients with Crohn’ s Disease 





TOMAS M. HEIMANN, M.D. KAREN BOLNICK, R.N. 


ARTHUR H. AUFSES, JR., M.D. 





Nearly 30% of patients with Crohn’s disease requiring operative 
treatment have severe peripheral lymphopenia. The surgical sig- 
nificance of this finding had not been previously determined. 
One hundred fifty-eight patients with Crohn’s disease admitted 
for resection of the diseased bowel were studied. Forty-six had 
preoperative peripheral lymphocyte counts under 1000 cells per 
mm’. Severely lymphopenic patients had a significantly higher 
incidence of skip areas and epithelioid granulomas than patients 
with higher lymphocyte counts. Also, lymphopenjc patients were 
more likely to require separate resections of the diseased bowel 
and more than one anastomosis. Postoperative follow-up revealed 
that patients with preoperative lymphopenia had a markedly 
higher incidence of symptomatic recurrences within 3 years of 
operation (67 ps. 36%, p < 0.01). It appears that the preoperative 
peripheral lymphocyte count máy be used as an indicator of dis- 
ease severity and prognosis in patients with Crohn’s disease. 
M surgical treatment have marked immunolog- 
ical abnormalities.'? These patients are fre- 
quently found to have very low peripheral lymphocyte 
and T- and B-cell counts, as well as lack of reactivity to 
skin tests with recall antigens.** Since Crohn’s disease is 
a chronic inflammatory process, which is associated with 
significant nutritional abnormalities, and patients often 
require steroid medication, the source of this immuno- 
suppression remains unclear. f 
The surgical significance of sẹvere preoperative lym- 
phopenia has not been well studied in patients with 
Crohn’s disease.Previous studies have revealed that this 
lowering of the peripheral lymphocyte count is due to a 
decrease in both T- and B-cell counts.'* Marked immu- 
nosuppression has been associated with an increased 
morbidity and mortality in other surgical conditions.*? 
Whether this is also true of patients with Crohn’s disease 


ANY PATIENTS with Crohn’s disease requiring 
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remains unclear. Surgical treatment offers an opportunit: 
to study the changes in the immunologic status of thi 
patient associated with removal of the diseased bowel, a: 
well as the correlation of preoperative immunosuppressior 
and the development of postoperative recurrence. 


Materials and Methods 


One hundred fifty-eight patients with Crohn’s disease 
admitted to the Mount Sinai Hospital for surgical treat: 
ment between April 1977 and April 1985 were studiec 
prospectively. At the time of admission, a clinical histor: 
was obtained, and the weight of the patient was deter 
mined and compared to the ideal body weight as publishec 
in the Metropolitan Life Insurance Company Tables. Thi 
white blood cell count was measured by using an auto 
mated white bload céll counter. The percentage of lym 
phocytes was then determined fromthe differential coun 
by manually counting 100 white blood cells under a mi 
croscope. The granulocyte count was calculated by sub. 
tracting the lymphocyte count from the white blood cel 
count. Serum albumin concentration was obtained from 
the automated chemical screening panel measured at the 
time of admission. 

At operation, the location and extent of disease wére 
determined, as well as the presence of skip areas. Patients 
with multiple areas of disease separated by a large segment 
of normal appearing intestine required separate resections 
with two anastomoses, and this finding was recorded. The 
presence or absence of epithelioid granulomas was deter 
mined at the time of histologic examination. There wa: 
no attempt to section serially the résected intestine tp look 
for granulomas. Only the standard histologi¢ slides con. 
sisting of the margins of resection plus representative 
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TABLE 1. Preoperative Variables 
Mean Patients with Mean 

Lymphocyte Mean Duration Previous Mean Per Cent Serum Patients on 
Count N Age Symptoms Operations Ideal Weight Albumin Steroids 
<1000 46 23 10 20 (43) 86 3.67 27 (59) 
> 1000 112 24 12 57 (51) 86 3.76 56 (50) 
(__) Percent. 


samples of the diseased intestine and mesenteric nodes 
were examined. 

Surgical outcome was measured by recording the num- 
ber of days of hospitalization required after operation and 
the presence or absence of postoperative complications. 
Following discharge from the hospital, patients were con- 
tacted every 6 months to determine the development of 
recurrent disease. Symptomatic patients underwent either 
radiographic study with barium or endoscopy to evaluate 
the area of intestine adjacent to the site of resection. Pa- 
tients developing symptomatic recurrent disease within 3 
years of operation, confirmed by radiographic or endo- 
scopic studies, were assigned to the early recurrence group. 

The results obtained were tabulated and the data were 
analyzed using the computer services of the City Univer- 
sity of New York. Patients with preoperative lymphocyte 
counts under 1000 cells per mm? were classified as having 
severe lymphopenia. This value was chosen because 95% 
of healthy controls had higher peripheral lymphocyte 
counts. The numerical data were compared using Stu- 
dent’s t-test, and the chi square method was used for anal- 
ysis of data classified into categories. 


Results 


The mean age of patients entered in the study was 35.5 
_ years. They had been symptomatic for a mean of 11.5 
"years prior to the present operative procedure. Seventy- 
four patients (47%) were male and 84 (53%) were female. 
The disease was confined to the small intestine in 51 (32%) 
patient, involved the small and large bowel in 88 (56%), 
and was limited to the colon and rectum in 19 (12%). At 
the time of admission, 75 (47%) patients were not taking 
steroids, 23 (15%) required less than 10 mg of prednisone 
per day, and 60 (38%) were taking higher doses. Eighty- 
one (51%) patients were undergoing intestinal resection 
for the first time, while the remaining 77 (49%) patients 
had at least one previous resection for Crohn’s disease. 
Obstruction was the major reason for operation in 67 
(42%) patients, 75 (47%) had either a fistula or an abscess, 
only four (3%) had a free perforation, while the remaining 
12 (8%) required operation for intractable symptoms. 
The mean preoperative per cent of ideal body weight 
was 86 with a standard deviation of 15. The mean serum 
albumin on admission was 3.7 g per 100 ml (SD = 0.5). 


The mean preoperative white blood cell count was 9605 
cells per mm? (SD = 4113). The mean lymphocyte count 
was 1478 cells per mm? (SD = 734). This was significantly 
lower than the lymphocyte count for 48 healthy volun- 
teers, which was 2115 (SD = 814, p < 0.01). Forty- -SİX 
(29%) patients in this study had peripheral lymphocyte 
counts under 1000 cells per mm’, and only 35 oe) pa- 
tients had counts over 2000 lymphocytes, per mm?, The 
mean granulocyte count was 8127 (SD = 4079). There 
was no significant difference in the granulocyte counts of 
patients with and without severe peripheral lymphopenia. 

Patients with extreme preoperative peripheral lympho- 
penia (under 1000 cells per mm?) were compared to those 
with higher lymphocyte counts (see Table 1). The mean 
lymphocyte count in the lymphopenic group was 695 cells 
per mm? (SD = 213), while it was 1799 cells per mm? in 
the remaining patients (SD = 621, p < 0.0001). There 
was not significant difference in age at operation, duration 
of disease, number of previous operations, or the indi- 
cation for operation in the two groups of patients. Also, 
there was no difference in the preoperative per cent of 
ideal body weight, serum albumin, and steroid intake. 
Location of disease and length of diseased bowel were 
nearly the same in both groups. 

Skip areas were significantly more common in the lym- 
phopenic patients. Eighteen of 46 (39%) patients had skip 
areas in the group with decreased lymphocyte counts as 
opposed to 19 of 112 (17%) patients in the higher lym- 
phocyte group (chi square = 8.93, p < 0.01). Also, lym- 
phopenic patients were significantly more likely to require 
resections of two separate segments of bowel with two 
anastomoses. Separate resections were required in 10 
(22%) patients in the lymphopenic group, as opposed to 
nine (8%) in the patients with higher lymphocyte counts 
(chi square = 5.79, p < 0.05). The identification of epi- 
thelioid granulomas in the resected intestine was also sig- 
nificantly more frequent in the patients with low periph- 
eral lymphocyte counts. Twenty-five (55%) patients in the 
low lymphocyte group had granulomas. This incidence 
was nearly twice as high as in the remaining patients (38 
patients, 33%, chi square = 5.67, p < 0.05, see Table 2). 

There was no difference in the incidence of postoper- 
ative complications in either group of patients. Septic 
complications occurred in seven (16%) lymphopenic pa- 
tients and in 21 (19%) patients with higher lymphocyte 


134 HEIMANN, BOLNICK, AND AUFSES 


TABLE 2. Preoperative Lymphocyte Counts 











Lymphocyte 

N Count SD 
Double resection 19 1272 903 
Single resection 139 1506 707 
Skip areas 37 1242* 699 
No skip areas 121 1550* 732 
Granulomas 63 1298* 633 
No granulomas 95 1597* 774 

* p < 0.05. 


SD = standard deviation. 


counts. Nonseptic complications were present in five 
(11%) patients with severe lymphopenia and in 17 (15%) 
without low lymphocyte counts. The mean postoperative 
stay was 15 days for both groups, and there were no mor- 
talities in this series. 

Following operation, there was no change in the pe- 
ripheral lymphocyte counts at 3 and 12 months when 
compared to initial values in the patients with higher pre- 
operative lymphocyte counts (see Table 3). However, in 
the patients with severe preoperative lymphopenia, the 
postoperative peripheral lymphocyte count increased sig- 
nificantly from a mean of 695 cells per mm? to 1479 
(SD = 738) cells at 3 months. There was no further im- 
provement in this group and the lymphocyte count at one 
year remained essentially unchanged at 1426 (SD = 400) 
cells per mm?. This value was still significantly below the 
mean lymphocyte count in the patients without severe 
preoperative lymphopenia, which at 1 year after surgery 
was 1846 (SD = 805, p < 0.05) cells per mm?. 

One hundred seven patients were followed for a period 
of at least 3 years after operation. Forty-seven (44%) of 
these have developed symptomatic recurrences adjacent 
to the site of resection of the diseased bowel within this 
period of time. The recurrence rate for patients with severe 
preoperative lymphopenia was nearly twice as high as that 
of patients with higher lymphocyte counts (67% vs. 36%, 
p < 0.01, see Table 4). This increase in recurrence rate is 
noticeable at | year after operation and reaches a peak 
after 3 years (see Fig. 1). There was no significant corre- 
lation between the presence of skip areas or granulomas 
and early symptomatic recurrence. None of the other 


TABLE 3. Postoperative Follow-up 


Preoperative 
Lymphocyte 

Count Baseline 3 Months 12 Months 
<1000 


>1000 


695 + 213* 
1799 + 621* 


1479 + 7384 
1859 + 8184 


1426 + 400+ 
1846 + 805+ 


* p < 0.0001. 
+p < 0.05. 
p< 0.1. 
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TABLE 4. Symptomatic Early Recurrence Rates 


Preoperative Number Patients with Per Cent with 

Lymphocyte Followed Symptomatic Symptomatic 
Count for 3 Years Recurrence Recurrence 
<1000 27 18 67 
>1000 80 29 36 
Total 107 47 44 





Chi-square = 7.58. 
p < 0.01. 


variables recorded were helpful in the identification of 
patients prone to develop recurrent disease. The mean 
preoperative lymphocyte count for patients developing 
symptomatic recurrences was 1365 as opposed to 1652 
cells per mm? in the patients doing well after 3 years 
(p < 0.05). 


Discussion 


Severe peripheral lymphopenia occurs in nearly 30% 
of patients with Crohn’s disease admitted for operative 
treatment. Although it is difficult to determine the reason 
for this profound lymphopenia, it does not appear to be 
related to steroid intake or malnutrition since there was 
no significant difference in these findings in the two groups 
of patients. 

It seems that there is some correlation between the dis- 
ease process in the intestine and the peripheral lymphocyte 
count. Lymphopenic patients have a significantly higher 
incidence of skip areas and granulomas, and they often 
require multiple resections because of extensive involve- 
ment of the intestinal tract. Furthermore, removal of the 
diseased bowel is followed by significant improvement in 
the peripheral lymphocyte count in this group of patients. 
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Fic. 1. The yearly recurrence rates for patients with preoperative pe- 
ripheral lymphocyte counts above and below 1000 cells per mm? are 
shown. Patients with severe lymphopenia have nearly twice the recurrence 
rate at 3 years than those with higher lymphocyte counts. 
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However, patients with marked preoperative lymphopenia 
continue to have a significantly lower mean postoperative 
peripheral lymphocyte count when compared to those 
patients who had higher preoperative lymphocyte counts. 

Severe preoperative lymphopenia does not appear to 


«correlate with surgical complications. There was no mor- 


as 


tality in this series and no difference in length of hospital 
stay or complication rate in lymphopenic patients when 
compared to those with higher lymphocyte counts. Skin 
test anergy and low serum albumin, however, have been 
found to correlate with surgical complications in patients 
with inflammatory bowel disease.®? ` 

The association of preoperative peripheral lymphocyte 
depression with subsequent development of symptomatic 
recurrences seems to indicate that preoperative lympho- 
penia may reflect a greater severity of disease or the pa- 
tient’s inability to respond to the inflammatory process. 
Since the percentage of circulating lymphocytes is rou- 
tinely determined at the time of admission, the peripheral 
lymphocyte count can be easily calculated in every patient. 
Patients with extremely. low preoperative lymphocyte 


_ counts are more likely to have extensive disease, require 


multiple resections, and develop early symptomatic re- 
currences. Although previous clinical trials using steroids 
or sulfasalazine in unselected patients with Crohn’s disease 
have failed to demonstrate any significant improvement 
in recurrence rates,!™!? further studies may be indicated 
to determine if patients in this high risk group are more 
likely to benefit from postoperative therapy. 
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The predicted resting metabolic rate (pRMR), as is estimated 
by the Harris-Benedict equation (HBE), was compared with the 
actual resting metabolic rate (mRMR), as assessed by indirect 
calorimetry, in 31 moderately obese (X above ideal body weight 
= 44 + 2.8%) male subjects (X age = 48 + 4.5 years; X weight 
= 107.3 + 17.1 kg; X% fat = 34 + 3.9). Measured resting met- 
abolic rate (mRMR) (1,942 + 293 kcal/day) was found to be 
significantly (p < 0.001) lower than pRMR (2,108 + 270 kcal/ 
day), but significantly higher (p < 0.001) than pRMR 
(1,636 + 133 keal/day), if ideal body weight was used in the 
HBE formula. Individual variation of the mRMR and pRMR 
ranged from 65-105% and 95-155% of the expected normal 
population values, respectively. The findings suggest that if the 
reduced daily caloric needs observed are added to the metabolic 
suppression occurring during dietary restriction, it might explain 
why many obese individuals experience difficulties in maintaining 
predicted rates of weight loss. An equation was derived to predict 
RMR in moderately obese male patients. 


BESITY is considered one of the most common 

medical disorders.’ Current estimates from the 

National Center for Health Statistics cite the in- 

cidence of obesity (defined as > 130% of ideal body weight) 

at 14% for males and 27% for females.’ Its treatment is 

credited with a concomitant reduction in the incidence 

of such life-threatening conditions as coronary heart dis- 
ease, hypertension, and diabetes,>* 

The various treatment techniques available’ attempt 
to create an energy imbalance in which daily caloric ex- 
penditure exceeds the prescribed kilojoule intake. To 
achieve this, standard predictor equations are used to es- 
timate resting energy needs® with an additional 20% for 
daily physical activity. 

During the initial weeks of dietary treatment, almost 
every patient demonstrates a psychologically gratifying 
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rate of weight loss. Some of this weight loss is fat due to 
kilojoule deficit; the remainder is due to losses in protein 
and water.’ The inability of many obese patients to sustain 
a predetermined rate of weight loss, especially as they near 
their ideal body weight goal, is well known to clinicians. 

A recently published study attempted to explain this 
discrepancy.® These researchers report that morbidly obese 
subjects preparing for gastric bypass surgery demonstrate 
a lower resting metabolic rate (RMR) than is estimated 
using the Harris-Benedict Equation (HBE). However, they 
were unable to explain a significant amount of the variance 
in RMR attributable to the independent variables and 
therefore could not propose a clinically useful equation 
to predict more accurately the daily kilojoule needs for 
the obese. 

In an effort to develop a new standard predictive equa- 
tion of the RMR of the obese patients, we compared the 
predicted resting metabolic rate (RMR), as is estimated 
by the HBE, with measured resting metabolic rate 
(mRMR), as assessed by indirect calorimetry in moder- 
ately obese male subjects. 


Methods 


Thirty-one moderately obese male subjects participated 
in a study of weight loss resulting from a 4180 kj (1000 
kcal) balanced deficit diet and an aerobic exercise pro- 
gram. Analysis of the baseline RMR measurements of 
these men prior to dietary intervention is presented here. 
They ranged from 30 to 60 years of age (X age = 48 + 8.5 , 
years), and 21 to 70 (X = 44+ 15.6)% above ideal body — 
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} TABLE 1. Anthropometric Characteristics* 
Age ` Height Weight 
N (years) . (cm) (kg) 
31 48.5 + 4.5 178.1 + 5.1 107.3 + 17.1 


* Mean + S.D. LBM = lean body mass. AIBW = above ideal body 


weight? (X% fat = 36.4 + 11.2) (Table 1). Medical screen- 
ing found them free of any physical, psychological, or 
metabolic impairment. These men had previously at- 
tempted to lose weight. Many had failed to lose significant 
amounts of weight, citing a discouraging inability to 
maintain the rate of weight loss demonstrated in the early 


. phase of their weight loss regimen; others had been unable 


to maintain the weight loss they had achieved. 

To prevent any confounding of the measurement of 
RMR, patients were required to report to the pulmonary 
laboratory in the postabsorptive state (8-12 hours after 
the last meal). In addition, caffeine-containing beverages 
were prohibited during the premeasurement period, and 
subjects did not engage in any physical activity or smoke 
any cigarettes during that period. 

Patients rested for 30 to 45 minutes, reclined in a dark- 
ened, quiet, and comfortable room. Thereafter, while 
subjects rested supine in bed,. one author (KP, with the 
help of an assistant, a trained, hospital-based pulmonary 
technician) measured resting metabolic rate (mRMR) ev- 
ery 30 seconds by indirect calorimetry, using the Beckman 
Horizon metabolic measurement cart (Beckman Instru- 
ments, Inc., Schiller Park, IL). The system measures ox- 
ygen consumption (VO, ml/min) and carbon dioxide 
production (CO, ml/min). Resting metabolic rate was au- 
tomatically calculated by the abbreviated Weir formula!’ 
and expressed in kcal/min and kcal/day by the equation: 


RMR in kcal/day 
= 3.94 X VO(L/min) + 1.1 X VCO,(L/min). 


Kcalories were converted to kj by multiplying them with 
the factor 4.18. To assure the validity of our RMR mea- 
surements, mean values achieved during the last 10 min- 
utes of steady state (Fig. 1) were used in the calculations. 
Predicted resting metabolic rate (pRMR) was calculated 
from the Harris-Benedict Equation® for males: 


RMR in kj/day 
= [5(H) + 13.7(W) + 66 — 6.8(A)] X 4.18, 


where H = height in cm, W = weight in kg (current and 
ideal),A = age in years. Comparisons between measured 
RMR (mRMR) and predicted RMR using current weight 
[pRMR (current)] or ideal weight [pDRMR (ideal)] in the 


LBM 
AIBW % (kg) FM % 
44.5 + 15.8 68.4 + 10.7 36.4 + 11.2 


weight. FM = fat mass. Patients ranged from 21 to 70% above ideal 
body weight. 


HBE calculations were performed using a Student’s two 
tailed t-test for paired data, with a level of significance set 
at alpha = 0.05. All analyses were done using the Statistical 
Analysis System (SAS, SAS Institute Inc., Cary, NC). 
Linear regression analysis was performed to assess the 
relationship between mRMR and pRMR, using both ideal 
weight and current weight in the HBE. Multiple regression 
analysis was used to describe the relationship between 
mRMkR and the predictive variables height, age, weight, 
and per cent above ideal body weight (% AIBW) and to . 
develop a clinically useful predictor equation for appli- 


cation in obese male populations. 


Results 


Statistical analysis showed that the predicted values of 
RMR were indeed significantly different from the mea- 
sured values in our obese, male population. Measured 
resting metabolic rate (mMRMR = 8118 + 1246 kj/day) 
was found to be significantly lower (p < 0.001) than pre- 
dicted resting metabolic rate using current weight in HBE 
(pRMR (current) = 8811 + 1129 kj/day). Measured RMR 
(mRMR) was significantly higher (p < 0.001) than pPRMR 
(X = 6838 + 556 kj/day) if ideal body weight was used 
in the calculation (Table 2). 

Measured RMR (mRMR) was 92 + 10% of the PRMR 
(current weight) and 119 + 12% of the pRMR (ideal) (Ta- 
ble 2). Individual variation of the mRMR ranged from 
65 to 109% of the expected normal values, with only 64% 
of them having RMR within +10% of the expected (Fig. 
2). When mRMR was expressed as per cent of expected, 
with ideal body weight in the HBE, only 26% of the pa- 
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TABLE 2. Measured and Predicted Resting Metabolic Rate (RMR)* 

















Predicted (kj/day) RMR (Expressed as % Expected) 
Measured 
Current Weight Ideal Weight (kj/day) Ideal Weight Current Weight 
8811 + 1129+ 6838 + 556t 8118 + 1246 
(2108 + 270 kcal) (1636 + 133 kcal) (1942 + 298 kcal) 119 + 12 92+ 10 





Predicted = using Harris-Benedict equation. Measured = using Indirect Calorimetry. * = mean + S.D.; + = p < 0.001 vs. measured. 


tients were found to be within +10% of the expected nor- 
mal, with individual variation ranging from 76 to 150% 
of expected values (Fig. 3). 

Linear regression analysis showed a statistically signif- 
icant (p < 0.001) correlation (r = +0.79) between MRMR 
and pRMR predicted by the HBE (Table 3). Multiple 
regression analysis with height, weight, age, and per cent 
of above ideal body weight as independent variables 
showed a statistically significant (p < 0.001) correlation 
(r = +0.81) between these indices and mRMR (Table 3). 
The regression equation resulting from our analysis: 


mRMR (kj/day) = [2089.7 — 8.1(Ht) + 16.81(Wt) 
— 8.9(Age) — 1.03(% AIBW)] x 4.18 


accounts for 66% of the variance in measured RMR. 


Discussion 


The main reason for the observed reduction in the rate 
of weight loss among obese individuals with restricted ki- 
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FIG. 2, When current body weight was used in the calculations, only 
64% of the obese patients, as compared to 92% of Boothby’'s'? normal, 
healthy volunteers, had measured resting metabolic rates that were within 
+10% of expected values. 


lojoule intake has been attributed to the metabolic re- 
sponse to kilojoule restriction imposed. This restriction 
decreases resting metabolic rate (RMR), as reported in 
previous studies.'!:'? The present investigation reports that 
even without kilojoule restriction, obese individuals are 
characterized by a suppressed RMR when compared to 
individuals of normal body weight and body composition. 
Our data are in general agreement with the findings of 
Feurer’s recently published study® reporting that obese 
individuals preparing to undergo gastric bypass surgery 
demonstrate a lower resting metabolic rate (mRMR) than 
is estimated by the Harris-Benedict formula (HBE). This 
should be of no surprise, since the HBE was derived from 
136 male subjects with normal body weight and com- 
position. No obese subjects were included in the popu- 
lation studied to develop the HBE.° 

Although Feurer’s study clearly demonstrates that “the 
resting energy expenditure of morbidly obese persons 
cannot be estimated accurately by the Harris-Benedict 
formula,” it failed to derive a new equation that will more 
precisely estimate daily kilojoule needs. Feurer’s corre- 
lation coefficients of +0.46 (r? = 0.18) for the male pop- 
ulation accounted for only a small amount of the variance 
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FIG. 3. When ideal body weight was used in the calculations, only 26% 


of the patients had measured resting metabolic rates within +10% of the 
expected values. 
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TABLE 3. Regression Equation for Resting Metabolic Rate (RMR) in Men 


r . r p 
RMR kj/day = [—169.1 + 1.02 pRMR (current)] X 4.18 0.79 0.63 <0.001 
RMR kj/day = [2089.7 — 8.17 H + 16.81 W — 8.9 A — 1.03 SAIBW] X 4.18 0.81 0.66 <0.001 


— H = height (cm); W = weight (kg); A = age (years). pRMR = predicted 
resting metabolic rate with Harris-Benedict equation. WCW = with cur- 


and thus are not of much clinical use. Their inability to 
develop a new equation may be attributed to the heter- 
ogeneity of the study population, which demonstrated a 
degree of obesity ranging from 57-226% above ideal body 
weight (% AIBW) and a mean (% AIBW) of 111 + 35%. 
In comparison, we chose to study a more homogeneous 
group of obese male subjects, with a degree of obesity 
ranging from 21-70% AIBW (X = 44 + 16% AIBW). 
The significant correlation coefficient of +0.81 
(r? = 0.66) found between mRMR and age, height, weight, 
and % AIBW indicates that these indices adequately pre- 
dict the caloric needs of the metabolically active tissues 
_. in moderately obese male subjects (Table 3). The addition 
-of the index of % AIBW as an independent variable in 
the multiple regression analysis increases the strength of 


rent weight. SAISW = per cent above ideal body weight. 


the relationship and indicates that the relative degree of 
obesity provides a significant factor in more precisely es- 
timating RMR in moderately obese male subjects. The 
implications of this finding might be important, since, 
during the first 2 to 3 weeks on the dietary treatment, 
almost every patient demonstrates a psychologically grat- 
ifying rate of weight loss. As mentioned earlier, some of 
this weight loss is due to kilojoule deficit and some is due 
to protein and water losses.” But a rather large number 
of patients drcp out of treatment at 4 to 5 weeks, especially 
those patients on balanced deficit diets. Most often, these 
patients are generally classified as “noncompliant” despite 
the patients’ insistence of the opposite. , 

To demonstrate the extent of the possibility to miscal- 
culate daily kilojoule needs in-obesity when the HBE is 


TABLE 4. Weight Loss in Two Patients 





Patient A Patient B 
« (Subject #6) (Subject #30) 
pRMR* Measured pRMR Measured 
Weight (kg) a 91.5 92.2 
Lean Body Mass (kg) 42.5 (46.5%) 64.5 (70%) 
Kcal/kg- LBM™ 27.8 28.7 © 
Height (cm) 180.0 183.0 
nc Age (yrs) 59.0 53.0 
Resting energy expenditure (kj/day) 7603 4932 7511 729 ` 
(1819 kcal) (1180 kcal) (1797 kcal) (1849 kcal) 
- 20% added for daily activity (kj/day) _ 1521 986 : 1651 1534 
Total kilojoule need (kj/day) 9125 5910 9012 9263 
Minus 10% metabolic suppression due 
to diet (kj/day) 911 594 ` 903 928 
Actual kilojoule need (kj/day) 8176 5325 8109 8335 
Minus kilojoule intake (kj/day) 4180 4180 4180 4180 
Daily kilojoule deficit —4034 —1145 —3929 3946 
Kilojoule deficit in 7 weeks of —197,639 —56,121 —192,531 ~—203,591 
' treatment (—47,282 kcal) (—13,426 kcal) (—46,060 kcal) ("48,706 kcal) 
Weight loss (kg) (kj + 33,440) 5.9 1.7 5.7 6.1 
Comments: Dropped out during week 4 of the Loss of 7.2 kg after 7 weeks of treatment. 
treatment without weight loss. 


* DRMR = using current weight in the HBE. 
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used in the calculations, it is worth looking at two extreme 
cases from this study. Subjects #6 and #30 (Table 4) are 
characterized by similar age, weight, and height. If we 
utilize the Harris-Benedict Equation using current weight, 
we see that both patients are predicted to demonstrate 
similar daily kilojoule needs and would expect to dem- 
onstrate similar rates of weight loss. However, the RMR 
of Subject #6 was overestimated by 54%, or 2888 kj per 
day. Both subjects participated in a 7-week weight loss 
program with 4180 kj daily intake. Subject #6 dropped 
out of the study at week 4, unable to sustain a satisfactory 
rate of weight loss beyond the first 2 weeks of the study. 

As is illustrated in Figure 2, only 64% of the patients 
had metabolic rates within +10% of the expected values 
using current weight, whereas 92% of the normal body 
weight, healthy volunteers studied by Boothby”? had rest- 
ing metabolic rates within +10% of the predicted. The 
mRMR of Patient B (Subject #30) of this study occurred 
at 101% of the expected. As is shown in Table 4, the weight 
loss predicted by using current weight in the HBE (5.7 
kg) is similar in his case to predicted weight loss using 
mRMR in the calculations. In addition to the 4180 kj per 
day diet, the patient participated in a three-times-per-week 
exercise program and achieved 7.2 kg of weight loss. 

Like 36% of the subjects in this study, Patient A (Subject 
#6) demonstrated a metabolic rate of <90% (66%) of ex- 
pected (Fig. 1); his mRMR was only 66% of expected. 
Patient A’s metabolic rate was overestimated by 54% 
(4932 vs. 7603 kj/day). It should be clear from this dis- 
cussion that for Patient A to register a similar rate of weight 
loss to Patient B, he should be placed on a very different 
weight loss regimen, such as a very-low-calorie-diet (2090 
kj/day) requiring strict medical monitoring. 

It is of interest to note the similarities of the distribution 
between Feurer’s data and ours when mRMR is expressed 
as per cent of expected, based either on current weight 
(Fig. 2) or ideal body weight (Fig. 3). When compared to 
normal weight and body composition population, the 
distribution clearly illustrates that RMR of obese individ- 
uals, as a group, is clearly suppressed (Fig. 2) but higher 
than if the individual’s ideal body weight is used in the 
calculation (Fig. 3). 

Although our data show that moderately obese subjects 
demonstrate lower RMR than is estimated by the HBE, 
they are in general agreement with previous reports in- 
dicating that obese subjects have higher metabolic rates 
when compared to individuals with normal weight and 
body composition.'*!*° This increased metabolic rate is 
probably due to greater lean body mass (LBM) present 
in obese when compared to lean subjects,'®'” since LBM 
has been found to correlate highly with RMR.'>!®!9 Rest- 
ing metabolic rate expressed in kj per kg of body weight 
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(X = 76.5 + 4.6) and kj per minute (X = 5.6 + 0.8) was 
similar to values reported in other studies for obese in- 
dividuals, and lower than those of normal weight and 
body composition." However, when mRMR was ex- 
pressed in kj per kg of LBM, obese individuals exhibit 
normal metabolic rate, as is demonstrated by this (X 
= 119.7 + 64.8 kj X kg! of LBM) and other studies!*!8 
even in extreme cases, as is seen in Subjects A and B of 
this study (Table 4). 

The statistically significant differences between the 
mRMR and pRMR noticed in this study are due to 
changes in body composition resulting from the obese 
state, unaccounted for by the HBE. The increases in body 
weight in obesity are mainly due to increases in fat deposits 
and an accompanied moderate increase in LBM, which, 
although it creates a higher metabolic need, is not high 
enough to compensate for the parallel increase in body 
weight (fat). Thus, an explanation is provided for the lower 
metabolic needs noticed in this study. 

The HBE was developed to predict daily kilojoule re- 
quirements for normal weight and body composition in- 
dividuals. The metabolically altered state of obesity re- 
quires a new equation that will more accurately account 
for these differences. The equation developed from this 
study accurately predicts daily energy expenditure for 
moderately obese male subjects with a degree of obesity 
ranging from 21-70% above ideal body weight, and its 
concluding possible applications and ways to test their 
usefulness should be considered. 
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Rats treated with 8 mg/kg Adriamycin® intravenously 4 days 
prior to chamber implantation develop impaired wound healing 
in a wound chamber model. In this study, the effects on healing 
of supplemental platelet derived growth factor (PDGF), trans- 
forming growth factor-8 (TGF-8), epidermal growth factor 
(EGF), and insulin were evaluated in chambers extracted from 
Adriamycin-treated rats 10 and 20 days after implantation. The 
effects of individual factors, combinations of factors, and different 
concentrations of TGF-6 were evaluated. The parameters eval- 
uated included collagen content, protein content, cellular prolif- 
eration rate, chamber histology, and collagen types. Supplemental 
TGF-8 alone reversed much of the healing deficit noted. A min- 
imum concentration of 100 ng/ml TGF- was required to sig- 
nificantly reverse this deficit. PDGF and EGF alone had no effect. 
Addition of PDGF and TGF-@ in combination stimulated a sig- 
nificantly higher level of collagen deposit than TGF-@ alone. 
Addition of EGF in combination with PDGF and TGE-@ restored 
collagen deposition to 86% of normal. No synergism was seen 
between TGF-6 and EGF unless PDGF was also present. These 
data suggest that growth factors contained in platelets may play 
key roles in initiating the wound healing response and may have 
clinical utility in healing deficit states. 


URING THE REPAIR PROCESS after wounding, in- 
flammatory connective tissue and neovascular 
elements appear in the damaged area in a spe- 

cific sequence. Their concerted function eventually leads 
to the creation of a healed wound. Recent experimental 
work has identified chemoattractant factors that orches- 





* Surgical Metabolism Section, Surgery Branch, National Cancer In- 
stitute. 

+ Laboratory of Chemoprevention, National Cancer Institute. 

ł Laboratory of Developmental Biology and Anomalies, National 
Dental Institute. 

Data presented in part at the Surgical Forum, American College of 
Surgeons, 1985. 

Address for correspondence: Jeffrey A. Norton, M.D., Surgical Me- 
tabolism Section, Surgery Branch, National Cancer Institute, Building 
10, Room 2B04, National Institutes of Health, Bethesda, MD 20205. 

Submitted for publication: August 21, 1985. 


142 


From the National Cancer Institute, National Institutes of 
Health, Bethesda, Maryland 





trate the progression of cellular types that is seen in injured 
tissue.’ Some of the same factors as well as additional 
ones function as growth factors that stimulate the prolif- 
eration of noninflammatory cells after their migration into 
the wounded area.' Several of these chemoattractant and 
growth factors have been isolated, including platelet de- 
rived growth factor (PDGF),* transforming growth factor- 
B (TGF-8),>“ epidermal growth factor (EGF),°° and in- 
sulin. PDGF is a chemoattractant and growth factor for 
fibroblasts and vascular smooth muscle cells.” TGF-8 
is another platelet derived factor that has been shown to 
stimulate the proliferation of connective tissue cells when 
in the presence of EGF.*'° EGF has been isolated from 
muring saliva and human urine’® and is a growth factor 
for fibroblasts.'' Insulin is a hormone that is a growth 
factor for a number of cell types in high concentrations.”:'? 

The identification of these chemoattractants and growth 
factors has allowed investigators to supplement wound 
models with additional quantities of the factors in attempts 
to accelerate wound healing in normal and healing im- 
paired rats. Sporn et al." demonstrated increased amounts 
of collagen, DNA, and protein in wound chambers into 
which supplemental TGF-8 and EGF were injected. Gro- 
tendorst has shown greater amounts of collagen and in- 
creased cellular proliferation rates in similar wound 
chambers supplemented with PDGF.'* These factors may 
speed healing in many other healing impaired states as 
well. 

Adriamycin® (doxorubicin) is an effective antineoplas- 
tic agent with widespread clinical use. Devereaux 
et al." demonstrated that Adriamycin-treated rats had 
impaired wound healing. Their work was confirmed and 
extended by Lawrence et al. (unpublished observation) 


a 
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who demonstrated that rats treated with Adriamycin prior 
to or at the time of wounding develop a significant healing 
impairment both in incisional wounds and in a wound 
chamber model. The purpose of this study was to evaluate 
the effects of EGF, PDGF, TGF-8, and insulin on healing 
.. in wound chambers in Adriamycin-treated rats. l 


Materials and Methods 


The wound chambers utilized in this study were 1.0 
cm X 1.0 cm X 1.5 cm stainless steel wire mesh chambers 
that were similar to those described by Schilling et al.'® 
and utilized by Hunt et al.!? as wound healing models. 
The chambers were modified in this study by the incor- 
poration of a low concentration Type I collagen gel within 
the chambers. Grotendorst et al. have demonstrated that 
modification of chambers in this manner does not change 
the basic characteristics of the chambers as wound healing 
models.!* The collagen utilized had been extracted from 
rat tails using the method of Bornstein and Piez.”° The 
collagen was gelled in tubes containing the wound cham- 
bers by incubation in a 37 C water bath after neutralization 

” with a 0.15 M Tris-HCl buffer, pH 7.4. Gentamicin (100 
ug/ml) was added to the collagen solution prior to gel 
formation. When growth factors were utilized, they were 
added to the collagen solution prior to the gel formation 
as well. After the collagen gelled, the collagen-containing 
wound chambers were removed from the tubes. Extra- 
neous collagen was removed from the chambers prior to 
implantation. 

The PDGF”! and TGF-6”* utilized in this study were 
extracted from platelets by previously described methods. 
The EGF was purified by the technique described by Sav- 
age and Cohen.” 


Experiment I 


Six groups of ten 200 + 20 g (standard deviation) male 
Fischer 344 rats were utilized in the first part of this study. 
Five of the groups were injected via tail vein with 8 mg/ 
kg Adriamycin 4 days prior to chamber implantation. 
Previous work ‘has demonstrated that this dosage of Ad- 
riamycin markedly depresses healing in both wound 
chambers and incisional wounds when the drug is ad- 
ministered 4 days prior to wounding (Lawrence et al., 
unpublished observation). On the day of wound chamber 
implantation, all rats were anesthetized with i.p. pento- 
barbital (40 mg/kg) and had three wound chambers im- 
planted on each flank. The chambers were placed through 
individual incisions into packets that were bluntly created 
in the areolar plane underlying the panniculus carnosus 
All incisions were closed with wound clips. 

*. Each group of rats consisted of animals bearing cham- 
bers containing one supplement or combination of sup- 
plements on one flank and chambers containing a different 
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TABLE 1. Design for Experiment | 


Chamber Supplements 
' Adriamycin Left 
Group (Yes or No) Flank Right Flank 
I Yes “None EGF + Insulin + PDGF 
+ TGF-8 
H Yes TGF-8 EGF + TGF-8 
I Yes PDGF PDGF + TGF-8 
IV Yes EGF EGF + PDGF 
y Yes Insulin EGF + PDGF + TGF-# 
VI No None None 


EGF, PDGF, and TGF-£ were all used in 100 ng/ml concentrations. 
The insulin utilized was Regular Insulin, and it was used in a 1000 ng/ 
ml concentration. 


supplement or combination of supplements on the other 
flank. The supplements contained by the chambers of the 
rats in each group are shown in Table 1. 

Ten days after chamber implantation, rats from each 
group were sacrificed by CO, asphyxiation. The remainder 
of the rats were ‘sacrificed by CO asphyxiation 20 days 
after chamber placement. At least four rats from each 
group were sacrificed on each of these 2 days. 

Immediately after sacrifice, the most caudal chamber 
on each flank of each rat was extracted and placed in 


. Dulbecco’s minimum essential medium (DMEM) sup- 


plemented with bovine serum albumin (0.2 mg/ml), 3% 
glutamine, and 20 mM Hepes. The chambers were trans- 
ferred to’ individual tubes containing 5 ml of the same 
medium plus 2 microcuries/ml *H thymidine after all the 
caudad chambers to be evaluated were removed on a given 
day. The chambers were then incubated in this medium 
for 3 hours at 37 C in an atmosphere of 90% air/10% 
CO,. After the incubation period was completed, the 
chambers were removed from the medium and frozen on 
dry ice. The chamber contents were later digested from 
the chambers by autoclaving them for 30 minutes in tubes 
containing 3 ml 0.1% sodium dodecylsulfate (SDS) and 
0.1 N NaOH. A 0.5 ml aliquot of the digest was added to 
5 ml of cold 5% trichloroacetic acid (TCA) and incubated 
at 4 C for 30 minutes. The solution was then centrifuged 
at 2000 rpm for 5 minutes at 4 C, and the precipitate was 
washed with an additional 5 ml of cold 5% TCA. The 
precipitate was dissolved in 1 ml of 0.1% SDS and 0.1 N 
NaOH, and a 0.5 mil aliquot was analyzed on the Beckman 
LS-233 liquid scintillation counter (Beckman Instru- 
ments, Inc., Palo Alto, CA). An additional aliquot of the 
digest was analyzed for DNA using the method of Brunk 
et al. Data are presented as mean cpm/yg DNA as an 
index of the rate of cellular proliferation. DNA content 
was measured as a rough index of the number of cells in 
the chamber, with the realization that cell type and cell 
cycle status also influence DNA content. ` 

The middle chamber from all rats was frozen on dry . 
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TABLE 2, Design for Experiment 2 











Chamber Supplement 
Group Adriamycin Left Flank Right Flank 
I Yes None 1 ng/ml TGF-8 
ll Yes 10 ng/ml TGF-8 100 ng/m! TGF-8 
IH Yes 200 ng/ml TGF-8 100 ng/ml TGF-8 
+ 100 ng/ml EGF 
Iv No None 100 ng/ml TGF-8 





ice immediately after extraction. After all the chambers 
had been extracted, the middle chambers were digested 
for 72 hours at 37 C with 5 ml of 0.5 N formic acid con- 
taining | mg/ml pepsin. The digest was centrifuged at 
1000 rpm for 5 minutes and a 100 yl aliquot of the su- 
pernatant was hydrolyzed with 900 ul 6 N HCI in a ni- 
trogen filled glass vial at 105 C for 20 hours. The hydro- 
lysate was vacuum dried and resuspended in | ml of 0.15 
N lithium citrate buffer, pH 2.2. After filtration, the ma- 
terial was analyzed for hydroxyproline as an index of col- 
lagen content on a Beckman 121 MB amino acid analyzer 
(Beckman Instruments, Inc., Palo Alto, CA). Unim- 
planted chambers containing the collagen gel were simi- 
larly processed, and the mean hydroxyproline level of 
these chambers was subtracted from the values obtained 
from the experimental chambers. The resulting hydroxy- 
proline levels therefore represent only newly synthesized 
collagen. 

The most cephalad chamber from two rats from each 
group on each of the two experimental days was placed 
in 3% formalin/PBS after extraction from the rats. The 
chambers were later opened and the enclosed tissue was 
removed. The tissue was embedded in paraffin, sectioned, 


TABLE 3. *H Thymidine Uptake/DNA of Chambers 
from Experiment 1 








3H Thymidine Uptake/ 
DNA Content of 
Wound Chambers 
(Mean + SEM 
cpm/pyg DNA) 





Treatment Group Adriamycin 
Chamber Supplement (Yes or No) Day 10 Day 20 
EGF Yes 125 + 22 147 + 43 
Insulin Yes 159 + II 16i + 42 
PDGF Yes 148 + 38 126 + 34 
TGF-6 Yes 186 + 38 109 + 23 
EGF + PDGF Yes 122 + 39 126 + 19 
EGF + TGF-6 Yes 206 + 32 164 + 20 
PDGF + TGF-@ Yes 141 + 44 128+ 14 
EGF + PDGF + TGF-¢ Yes 284 + 53* 11i+21 
EGF + Insulin + PDGF 
+ TGF-8 Yes 223 + 38* 134 + 38 
None Yes 127 + 36 16: +4] 
None No 283 + 34* 99+ 9 





* Significantly greater than value from unsupplemented chambers from 
Adriamycin-treated rats (p < 0.05). 
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mounted on slides, and stained with hematoxylin and 
eosin. The slides were evaluated by light microscopy. 

The cephalad chambers from the remaining rats were 
frozen on dry ice immediately after extraction. These 
chambers were later thawed and digested for 24 hours at 
4 C with 0.5 N formic acid containing 0.1 mg/ml pepsin. 
The digestion process was terminated by the addition of 
phenylmethylsulfonyl fluoride. The digest was then cen- 
trifuged at 1000 rpm for 5 minutes. An aliquot of the 
supernatant was dialyzed against 0.1 N acetic acid and 
subsequently lyophilized. The powder was dissolved in 5 
mM HCI and analyzed for collagen types by 6% sodium 
dodecylsulfate-polyacrylamide (SDS-polyacrylamide) gel 
electrophoresis essentially as described by Furthmayr and 
Timpl.”° An aliquot of each specimen was reduced with 
dithiothreitol and was analyzed separately on a 6% SDS- 
polyacrylamide gel. Comparisons of the gels of reduced 
and unreduced specimens allowed identification of Type 
IH collagen in the gel of the unreduced specimen. 


Experiment 2 


In a separate part of the study, fifteen 200 g Fischer 
344 male rats were injected with 8 mg/kg Adriamycin 4 
days prior to chamber placement. Wound chambers were 
implanted in these treated rats and five control rats in the 
same manner as in the first part of the study. The Adria- 
mycin-treated rats were divided into three groups at the 
time of chamber implantation. The supplements con- 
tained by the chambers of the rats in the different groups 
is shown in Table 2. All rats were sacrificed by CO); as- 
phyxiation 10 days following chamber implantation, and 
the wound chambers were excised at that time. The middle 
chambers were all analyzed for hydroxyproline by the al- 
ready described method. The caudad chambers were all 
incubated with °H thymidine and later analyzed for DNA 
content and °H thymidine uptake by the method discussed 4 
previously. 


Statistics 


All data are presented as mean + standard error of the 
mean, and differences between treatment groups are an- 
alyzed with an unpaired t-test. 


Results 
Experiment | 


The °H thymidine uptake/DNA of the chambers from 
each treatment subgroup is presented in Table 3. U nsup- 
plemented chambers from normal rats demonstrated a 
peak in °H thymidine uptake 10 days after chamber im- 
plantation and much lower levels of °H thymidine uptake 
on day 20. Adriamycin treatment eliminated the peak in 
3H thymidine uptake on day 10 but did not modify the 
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low level of uptake noted in the chambers on day 20. On 
day 10, most Adriamycin-treated subgroups supple- 
mented with TGF-6 either alone or in combination with 
other factors exhibited elevated values as compared to the 
unsupplemented subgroup, though not all of the eleva- 
_ tions were significant: The supplements containing EGF, 
PDGF, and TGE-8 produced significant elevations in °H 
thymidine uptake/DNA on day 10. On day 20, there were 
no significant differences i in the °H thymidine uptake/ 
DNA among any of the subgroups. 

The hydroxyproline content of the chambers from each 
treatment subgroup in the first part of the study is shown 
in Table 4. Adriamycin treatment significantly reduced 
the hydroxyproline content of the unsupplemented wound 
chambers 10 and 20 days after implantation. TGF- B was 
the only individual factor tq increase significantly the 
amount of hydroxyproline synthesized i in the chambers 
on both days 10 and 20. Cortibinations of factors without 
TGF-§ did not have any significant effect on the hydroxy- 
proline content of the chambers. On day 10, TGF-8 alone 
was as potent as any of the combinations of factors in- 
_ volving TGF-8 at reversing the healing inhibition’ pro- 
” duced by Adriamycin. EGF had no effect on collagen de- 
position unless both PDGF and TGF-8 were present. 

Histologic evaluation of sections of tissue from cham- 
bers in the various groups supported the quantitative data 
regarding hydroxyproline content and tritiated thymidine 
uptake. Chambers from untreated rats demonstrated. i in- 
creasing numbers of cells, progressive neovascularization, 
and increasing evidence of collagen synthesis on the 2 
days evaluated. The unsupplemented chambers from Ad- 
riamycin-treated rats showed less céllularity on both days 
10 and 20 and little evidence of collagen synthesis or neo- 
vascularization on either day. Though subtle differences 
between the TGF- supplemented subgroups rats còuld 
. not be discerned, the TGF-6 containing chambers from 
the Adriamycin-treated rats all demonstrated increased 
cellularity and more evidence of neovascularization than 
unsupplemented chambers and supplemented chanibers 
not containing TGF-8, especially on day 20. 

Additionally, the supplemented chambers contained 
collagen types similar to those of the unsupplemented 
chambers as analyzed by SDS-gel electrophoresis (data 
not shown). 


Experiment 2 5 

' The results of the second portion of the study are shown 
in Table 5. These data confirm many of the findings from 
the first part of the study. The Adriamycin induced healing 
deficits were reversed only when 100 ng/ml of TGF-8 was 


« added to the chambers. Adding 100 ng/ml EGF to the 


100 ng/ml TGF-8 or doubling the concentration of TGF. 
8 did not significantly augment the effect of 100 ng/ml 
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TABLE 4, Hydroxyproline Content of Chambers from Experiment 1 


Hydroxyproline Content 
of Wound Chambers 
` (Mean + SEM 
: amol/Chamber) 
Chamber Supplement (Yes or No) Pay 10 Day 20 © 
EGF Yes 110+ 87 2690 + 1042 
Insulin Yes Q+ 0 3570 + 678" 
PDGF Yes 56+ 24 2250 + 288 
TGF Yes 15704 59* 3638 £ 1138" 
EGF + PDGF Yes 60+ 29 2300+ 544- 
EGF + TGF- Yes 1810+ 675* 3963 + 1128 
PDGF + TGF ` Yes 620 + 162* 4950+ 607* 
EGF + PDGF + TGF-8 Yes 888 + 361" 5670 + 685* 
EGF + Insulin + PDGF “i 
+ TGE Yes 1079 + 264* 5064+ NT 
None’ Yes 250 + 110 2038 + 297 
None ; . No 1275 + 125* 


6675 + ate) 





* Siete tan value fom unsupokementod camber om Adi 
mycin-treated rats (p < 0.05). 


TGF-6 alone on any of the parameters evaluated. Cham- 
bers supplemented with 100 ng/ml TGF-6 in control an- 
imals contained significantly more collagen on day 10 
than unsupplemented chambers, but °H thymidine uptake 
was not increased. 


Discussion 


Adriamycin i impairs wound healing. This healing im- 
pairment has been evaluated experimentally in rats, and 
the wound bréaking strengths of incisional wounds were 
decreased in Adriamycin- -treated rats.!5-!7 In a wound 
chamber model, cellular invasion and collagen accumu- 
lation were diminished as well (Lawrence et al., unpub- 
lished observations). ‘This wound healing deficit might lead 
to complications in patients undergoing surgery while on 
a chemotherapeutic regimen involving Adriamycin. An 
agent that could reverse this healing deficit ‘might be clin- 
ically useful. 

Recent wound healing research has suggested that there 
are three major rate limiting steps in the wound healing 


TABLE 5. Hydroxyproline and °H Thymidine Uptake/DNA of 


Chambers fom Experiment 2. 
Chamber ` Hydroxyproline 7H-Thymidine 

Supplement Adriamycin (nm/Chamber) ` (cpm/pg) 

1 ng/ml TGF-8 Yes 210 + 120 104 + 15 
10 ng/m! TGF-8 Yes 213 + 123 86417 
100 ng/ml TGF-8 Yes 1400 + 317* 120 + 17" 
200 ng/ml TGF-8 Yes 625+ 97* 152 + 7 
100 ng/ml TGF-8 
+ 100 ng/ml EGF Yes 838 + 290* 157 + 14* 
None - Yes 100+ 57 9411 
None No 1000 +: 382* 192 + 28* 
100 ng/ml TGF-8 No 1988 + 156* 123+ 6* 


 Signhcaity rene tnt ue oră unatippleoeniod chambers Bint ‘Adee? 
mycin-treated rats (5 < 0.05). 
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process.' The first is mediated by chemoattractants and 
involves the migration of the necessary cells into the 
wounded area. The second step is the growth factor in- 
duced proliferation of noninflammatory cells at the wound 
site. The third rate limiting step consists of collagen syn- 
thesis and remodeling. This last step is dependent on the 
presence of substrate, vitamins, minerals, and enzymes. 
Previous agents used in attempts to accelerate wound 
healing have included amino acids,”*** oxygen,”? zinc,” 
vitamins,*!*? and iron,”8 These agents would all influence 
collagen synthesis and remodeling alone, and very few of 
the agents have been effective. In many healing impaired 
states, the healing deficit may be mediated by a deficiency 
in chemoattractants and growth factors. Treatment with 
agents that influence the collagen synthesis and remod- 
eling would have minimal effects on such a healing deficit. 
Adriamycin-treated rats have diminished levels of platelets 
and white blood cells (Lawrence et al., unpublished ob- 
servation), two important sources of chemoattractants and 
growth factors,' suggesting that the Adriamycin-treated 
rat might require replenishment of its supply of che- 
moattractants and growth factors for reversal of its healing 
deficit. 

The data presented here show that supplementation of 
the wound chambers with chemoattractants and growth 
factors is effective in treating the Adriamycin induced 
healing deficit. TGF-6 can accelerate healing in chambers 
in normal animals as well. When a concentration of at 
least 100 ng/ml is utilized, TGF-8 is functional alone as 
a chamber additive. We find that a combination of growth 
factors (EGF, PDGF, TGF-8) are required to reverse 
completely the inhibition of wound repair induced by 
Adriamycin. Addition of individual factors was not as 
effective in stimulating repair indicating a synergistic ac- 
tion between these components. The ability of chambers 
from Adriamycin-treated rats supplemented with TGF- 
8, PDGF, and EGF to attain essentially normal levels of 
collagen on day 20 suggests that the deficit in collagen 
synthesis induced by the Adriamycin is totally reversed 
by these thiee factors. These findings further support the 
concept that the healing impairment induced by Adria- 
mycin is primarily mediated by a deficit in the chemoat- 
tractants and growth factors normally required for healing. 

The reason TGF-6 is so effective as an individual factor 
while the other factors were ineffective alone is unclear. 
TGF-8 can induce anchorage independent growth of rat 
kidney cells in vitro unlike the other factors.*'!° EGF or 
an EGF-like factor is required for this growth to occur. It 
may be that cellular proliferation in vivo within the cham- 
bers is in some way similar to the anchorage independent 
growth examined in vitro. Such a similarity could explain 
why TGF-@ is the single most effective agent in the cham- 
ber system. Adequate levels of EGF may be available in 
the chambers in vivo, as supplemental EGF had little or 
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no effect either alone or in combination with TGF-@. Pre- 
vious studies have shown that the ability of TGF-8 to 
stimulate anchorage independent growth requires the 
presence of both EGF and PDGF.” These findings com- 
pliment the findings from this study, suggesting the ne- 
cessity for multiple growth factors to completely reverse 
the deficit in healing induced by Adriamycin. 

The ability of supplemental growth factors to correct 
the Adriamycin induced healing deficit in a wound cham- 
ber model is important. This finding suggests that sup- 
plemental growth factors have therapeutic potential as 
wound additives in patients with healing deficiencies. 
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One hundred forty-nine elective hepatic resections were per- 
formed during the 12 years from 1973 to 1984. Nineteen of these 
patients (12.8%) developed intraperitoneal septic complications 
after hepatectomy (IPSCH), of whom 13 died of liver failure. 
Perioperative variables associated with IPSCH were as follows: 
(1) right or extended right lobectomy, (2) age > 65, (3) operation 
time > 5 h, (4) blood loss at operation > 3000 g, and (5) post- 
operative bleeding, which required laparotomy for hemostasis. 
Improved outcome of IPSCH since 1981 coincided with the 
emergence of opportunistic pathogens. Survivors of IPSCH had 
been diagnosed earlier, all by culture of the subphrenic drainage, 
and all had a lower bilirubin level at the time of diagnosis. It is 
concluded that secure hemostasis and avoidance of tissue devi- 
talization during hepatectomy are essential to reduce the inci- 
dence of IPSCH and that routine culture of the subphrenic 
drainage will improve the outcome of IPSCH. 


LTHOUGH ELECTIVE hepatic resection is per- 
formed in the absence of any obvious bacterial 
contamination, postoperative intraperitoneal 

sepsis is not uncommon. Fortner et al.' in 1978 reported 
subphrenic abscess in 22 out of 108 patients (20.4%), and 
Thompson et al.” in 1983 reported intra-abdominal sepsis 
in 23 out of 138 patients (16.7%) after major hepatic re- 
section. These intraperitoneal septic complications after 
hepatectomy (IPSCH) are some of the main causes of 
death after hepatic resection?’ and have been attributed 
to sloughing of devitalized tissue at the site of hepatic 
resection, large dead space after hepatectomy, and con- 
tamination through the drain or T-tube.'~> For these life- 
threatening complications, closed drainage of the sub- 
phrenic space has been advocated. We investigated the 
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risk factors related to IPSCH and assessed the effect of 


various perioperative variables on the outcome of IPSCH. -` 


Patients and Methods 


Charts of 162 patients who had undergone elective he- 
patic resection in the Second Department of Surgery at 
Kyushu University Hospital between 1973 and 1984 were 
reviewed. Of these, 13 patients were excluded from the 
study because of concomitant gastrointestinal procedures 
in 10, presence of subphrenic abscess at operation in one, 
postoperative ischemic perforation of the gallbladder in 
one, and postoperative mesenteric artery thrombosis in 
one. Among the 149 patients studied, indications for hep- 
atectomy were neoplasia in all but five patients (96.6%), 
and liver cirrhosis was associated in 103 patients (69.1%). 


Hepatectomy performed consisted of extended right lo- 


bectomy in nine, right lobectomy in 28, left lobectomy 
in 13, segmentectomy in 21, and partial hepatectomy in 
78 patients. Parenchymal dissection of the liver was per- 
formed in a blunt fashion with blunt-tipped scissors while 
a liver clamp was applied. Cut surface of the liver was 
drained with water-sealed silicone drains, 7 mm in di- 
ameter, in all but four patients (97.3%). Drains were re- 
moved when the drainage became serous and less than 
100 ml per day, usually around the seventh postoperative 
day. All patients were given a regular dose of systemic 
antibiotics for about 7 days starting immediately after the 
operation. The antibiotics used were either cephalosporins 
alone (first-generation, mostly cephalothin or cephazolin, 
until late 1980 and then second- or third-generation, 
mostly cefmetazole, cefotaxime, or moxalactam, after- 
wards) or in combination with aminoglycosides, mostly 
tobramycin or dibekacin. 
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Fic. 1. Yearly distribution of the patients who underwent elective hepatic 
resection and the incidence of intraperitoneal septic complications after 
hepatectomy (IPSCH). 


Out of the 149 patients, culture-proved IPSCH devel- 
oped in 19, which consisted of right subphrenic abscess 
in 16 and peritonitis in three patients. The findings in 
patients with IPSCH were compared with those in 118 
patients without IPSCH or 30-day operative mortality. 


Statistical Analyses 


Chi square, Student’s t, and Mann-Whitney’s U tests 
were used in the statistical evaluation of the clinical data. 


Results 


Yearly distribution of the patients who underwent 
elective hepatic resection and the incidence of IPSCH are 
shown in Figure 1. Although the incidence has not been 
reduced, six out of 15 patients (40%) survived IPSCH in 
the period 1981-1984. 

As shown in Table 1, IPSCH occurred in 19 out of 149 
patients (12.8%), and all these 19 had primary malignant 
neoplasms. Among the various types of hepatectomy per- 
formed, those who underwent right or extended right lo- 
bectomy had a significantly higher incidence of IPSCH 
(p < 0.001) (Table 2). When the patients with IPSCH 
were compared with control patients who neither had 
IPSCH nor 30-day operative mortality (Table 3), no dif- 
ference was seen in sex, presence of associated liver cir- 
rhosis, and preoperative laboratory data. Nevertheless, 
YPSCH occurred more frequently in those over 65 years 
old (p < 0.02), those whose operation time exceeded 5 
hours (p < 0.05), those whose estimated blood loss at 
operation was over 3000 g (p < 0.001), and those who 
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TABLE 1. Indications for Hepatic Resection and 
the Incidence of IPSCH 


Number of Patients 





With 
Indications Total IPSCH 
Malignant 
Primary 
Hepatocellular carcinoma 125 18 (14.4%) 
Cholangiocarcinoma 2 0 
Mixed type l 1 (100%) 
Secondary il 0 
Benign 
Hemangioma 5 0 
Cyst 3 0 
Focal nodular hyperplasia 1 0 
Intrahepatic cholelithiasis 1 0 
Total 149 19 (12.8%) 





IPSCH = intraperitoneal septic complications after hepatectomy. 


had postoperative hemorrhage that required laparotomy 
for hemostasis (p < 0.001). 

Causative bacteria of IPSCH are listed in Table 4. In 
the period 1973-1980, five out of eight pathogens (62.5%) 
were coliform gram-negative rods, which sharply de- 
creased to one out of 18 (5.6%) afterwards. Mixed infection 
was present in five patients. Among survivors of IPSCH, 
the causative bacteria was Streptococcus fecalis and alpha- 
hemolytic Streptococcus in one, Staphylococcus epider- 
midis in two, Acinetobacter in two, and Clostridium in 
one patient. The antibiotics administered after operation 
among the patients with IPSCH were as follows: in the 
period 1973-1980, first-generation cephalosporins alone 
in two and with aminoglycosides in three patients, and 
in the period 1981-1984, second- or third-generation 
cephalosporins alone in six, with aminoglycosides in seven 
and ampicillin alone in one patient. 

Symptoms, signs, and laboratory findings of IPSCH 
were those of intraperitoneal abscesses or peritonitis in 
general, except for various degrees of cholestatic liver dys- 


TABLE 2. Incidence of IPSCH among Various Types 
of Hepatic Resection Performed 





Number of Patients 


With 

Hepatectomy performed Total IPSCH 
Right lobectomy* 28 10 (35.7%) 
Extended right lobectomy* 9 3 (33.3%) 
Left lobectomyt 13 0 
Segmentectomyt 21 1 (4.8%) 
Partial hepatectomyt 78 5 (6.4%) 
Total 149 19 (12.8%) 





IPSCH = intraperitoneal septic complications after hepatectomy. p 
< 0.001 (x? = 22.1) when * and + are compared. 
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TABLE 3. Comparison of Perioperative Variables between Patients with IPSCH and Control* 

















Patients 
With IPSCH Control 
Variables (N = 19) (N = 118) p Value 

Age 60.9 + 7.7F 53.9 + 10.5 <0.01f 

>65 years old 7 (36.8%) 16 (13.6%) <0.02 (x? = 6.35) 
Sex (M:F) 17:2 84:34 NS 
LC present 16 (84.2%) 78 (66.1%) NS 
Preoperative laboratory data 

ICG (%) 18.4 +74 19.0 12.4 NS 

Bilirubin (mg/dl) 0.8 +04 10 +05 NS 

Albumin (g/dl) 3.5 +04 3.8 +0.5 NS 

PT > control (sec) 1.5 +3.8 0.8 + 1.7 NS 

WBC (X10?/mm}) 5.65 + 2.23 5.08 + 1.62 NS 
Operation time (h) 3.5 +13 2.9 +41 <0.05¢ 

>5h 3 (15.8%) 5 (4.2%) <0.05 (x? = 3.97) 
EBL (x10 g) 4.53 + 2.89 2.32 + 1.83 <0.02¢ 

>3000 g 13 (68.4%) 31 (26.3%) <0.001 (x? = 13.34) 
Postoperative bleeding 5 (26.3%) 5 (4.2%) <0.001 (x? = 11.75) 





IPSCH = intraperitoneal septic complications after hepatectomy; LC 
= liver cirrhosis; ICG = indocyanine green (normal 0-10%); EBL = es- 
timated blood loss at operation; NS = not significant. 


function in all patients with mean (+SD) total (and direct) 
bilirubin of 9.6 + 9.0 (6.5 + 7.4) mg/dl and alkaline phos- 
phatase of 154 + 98 U/L (normal 30-110 U/L), and he- 
patic encephalopathy at the onset of IPSCH in three pa- 
tients who had a fair preoperative liver function. 

A definitive diagnosis of IPSCH was established by cul- 
ture of the drainage from the subphrenic drain in nine, 
culture of the needle aspirate in eight, and positive bile 


TABLE 4. Causative Bacteria of IPSCH 








Causative Bacteria 1973-1980 1981-1984 Total 
Aerobic 
Gram positive cocci 2 ll 13 
Staphylococcus aureus l 1 2 
Staphylococcus 
epidermidis 0 3 (2) 3(2) 
a-Hemolytic 
streptococcus 0 2(1) 2 (1) 
Streptococcus fecalis l 5(1) 6 (1) 
Gram-negative rods 6 5 I 
Escherichia coli 3 0 3 
Klebsiella 1 1 2 
Proteus l 0 l 
Pseudomonas i 2 3 
Acinetobacter 0 2(2) 2 (2) 
Anaerobic 0 2 2 
Bacteroides 0 i 1 
Clostridium 0 tq) 1(1) 





IPSCH = intraperitoneal septic complications after hepatectomy. 
( } = number of pathogens in patients who survived IPSCH. 


* No operative mortality or IPSCH. 
+ Mean + SD. 
$ Student's t test. 


culture with leakage of bile into the subphrenic cavity in 
two patients. Diagnosis in all six survivors was established 
by culture of the subphrenic drainage. Computed tomog- 
raphy (CT) and ultrasonography (US) were useful diag- 
nostic aids by revealing subphrenic fluid collection but 
were diagnostic in only one patient. 

Treatment and outcome of the patients with IPSCH 
are shown in Table 5. Treatment other than antibiotics 
given to the six survivors consisted of percutaneous 
drainage and irrigation in two, irrigation of the pre-existing 
drain in two, and none in two patients. All four patients 
treated by drainage but without irrigation died. The cause 
of death in the patients with IPSCH was progressive liver 
failure followed by multiple organ failure in all, and they 


TABLE 5. Treatment and the Outcome of Patients with IPSCH 








Number 
Treatment Survivors/Total 
Survival drainage and SABT 0/1 
Percutaneous drainage and SABT 2/9 
(with irrigation) (2/6) 
Irrigation of the pre-existing drain and SABT 2/4 
SABT alone 2/5* 
Total 6/19 (31.6%) 





IPSCH = intraperitoneal septic complications after hepatectomy; 
SABT = systemic antibiotic therapy. 

* The pathogens of these two survivors were Staphylococcus epider- 
midis and Acinetobacter, respectively. 
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died 19 to 231 days (mean 57.2 days) after the hepatec- 
tomy. 

When perioperative variables of the survivors and non- 
survivors were compared (Table 6), the diagnosis had been 
established earlier (p < 0.05) and the serum bilirubin level 
was lower (p < 0.05) in the survivors. 


Discussion 


In this series, IPSCH frequently followed right or ex- 
tended right lobectomy, extensive bleeding, or a long op- 
eration and postoperative hemorrhage that required lap- 
arotomy for hemostasis. The incidence of IPSCH after 
right and extended right lobectomies was as high as that 
reported in the literature.*? Hemoglobin and other pro- 
teinaceous substances are particularly noxious adjuvants 
of intraperitoneal infection,’”* and accumulation of blood, 
sloughed devitalized liver tissue, and bile”? in the sub- 
phrenic dead space after hepatectomy therefore predis- 
poses to the development of IPSCH by providing a fa- 
vorable environment for the invasion and growth of the 
bacteria. 

The liver is a solid organ with a rich blood perfusion, 
and securing hemostasis during parenchymal dissection, 
without devitalizing the cut surface, is not an easy task; 
this can only be achieved by individual ligation or clipping 
of the vascular structures before their division, since they 
retract into the liver parenchyma after transection.’ In a 
recent animal experiment? and clinical report,'® an ultra- 
sonic scalpel was shown to decrease blood loss by giving 
excellent exposure of the intrahepatic blood vessels with 
little devitalization of the liver tissue. Although our ex- 
perience of hepatectomy with the use of the ultrasonic 
scalpel is limited, its use in noncirrhotic liver seems 
promising. 

Although laparotomy in cirrhotic patients carries a high 
risk of morbidity and mortality,'! liver cirrhosis in our 
series was not a statistically significant risk factor of 
IPSCH. We believe that this relates to the fact that, in 
cirrhotic patients with poor hepatic functional reserve, we 
perform limited hepatic resection’? rather than lobar or 
segmental resection in order to avoid postoperative liver 
failure due to over-resection. 

IPSCH in this series always accompanied cholestatic 
liver dysfunction and often led to liver failure. Sepsis is a 
well-known cause of liver failure,!*-'° and rapid reduction 
of hepatic functional reserve caused by hepatectomy seems 
to predispose patients with IPSCH to postoperative liver 
failure. Since the prognosis of liver failure remains dismal, 
any delay in the diagnosis of IPSCH is morbid. However, 
a high incidence of nonspecific fever after hepatectomy,” 
resemblance of ISPCH to liver failure due to over-resection 
of the cirrhotic liver, and low yield of diagnostic findings 
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TABLE 6. Comparative Data of Survivors and Nonsurvivers of IPSCH 








Survivors Nonsurvivors 
Variables (N = 6) (N = 13) 
Age 58.8 + 7.8" 61.8 +77 
Sex (M:F) 6:0 11:2 
LC present 5 (83.3%) 11 (84.6%) 
Preoperative laboratory data 
ICG (%) 16.2 +7.5 19.4 +7.5 
Bilirubin (mg/dl) 0.8 +0.4 0.8 +0.5 
Albumin (g/dl) 3.7 +04 3.4 +03 
PT > control {sec) 0.2 +09 2.1 +45 
WBC (X103/mm?) 5.72 + 2.32 5.74 + 2.58 
Operation time (h) 3.3 +13 5.0 +3.2 
EBL (X10? g) 3.57 + 1.81 4.97 + 3.23 
#POD on diagnosist 10.7 + 2.9 18.3 +13.1 
Laboratory data on 
diagnosis 
Bilirubin (mg/dl)t 3.3 + 1.6 12.5 +9.6 
ALP (U/L) 124 +37 168 +114 
Albumin (g/dl) 3.7 +0.5 3.2 +05 
WBC (X10?/mm?) 11.98 + 7.79 15.36 + 8.55 


IPSCH = intraperitoneal septic complications after hepatectomy, ICG 
= indocyanine green (normal 0-10%); EBL = estimated blood loss at 
operation; #POD = number of postoperative day; ALP = alkaline phos- 
phatase. 

* Mean + SD. 

+ p < 0.05 (Mann-Whitney’s U test). 


on CT and US are all noncontributory events to the early 
detection of IPSCH. With the increasing awareness of 
IPSCH, we rely more on the culture of the subphrenic 
drainage for the early recognition of IPSCH. With this 
simple, low-cost, and noninvasive measure, a diagnosis 
of all survivors could be made when the serum bilirubin 
level was low. Periodic culture of the subphrenic drainage 
could well be considered as a routine test after right or 
extended right lobectomy. 

The virulence of the pathogen did seem to have played 
a major role in the outcome of IPSCH. Opportunistic 
pathogens'*'® were the causative bacteria in the majority 
of the survivors, and two survived without definitive 
drainage procedures. Since the improved outcome of 
IPSCH coincided with the emergence of the opportunistic 
pathogens and rather prolonged use of new-generation 
cephalosporins, alone or in combination with aminogly- 
cosides in the postoperative period, we feel that a more 
refined use of prophylactic antibiotics as well as a secure 
hemostasis with minimal devitalization of the tissue dur- 
ing parenchymal dissection of the liver should reduce the 
incidence of IPSCH. 
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may lead to shock and severe 
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Severe cases, management may include sigmoidoscopy, appropriate bacteriological stucies, 
fluid, electrolyte and protein supplementation, and use of a drug such as oral vancomycin: 
isolation of the patient may be advisable. Other causes of colitis should also be considered. 
Precautions: General— Total daily dose should be reduced in patients with reduced urinary 
Output due to renal insufficiency because high and prolonged serum antibiotic concentrations 
can occur from usual doses. Prescribe with caution in patients with a history of gastroin- 
testinal disease, particularly colitis, Prolonged use may result in overgrowth of nonsusceptible 
organisms; repeated evaluation of the patient's condition is essential. If superinfection occurs, 
take appropriate measures. 
Drug interactions-—-\ncreased nephrotoxicity has been reported following concomitant ad- 
minisiration of cephalosporins and aminoglycoside antibiotics. 
Drugelaboratory Test loner concentrations (> 100 mcg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false 
increases of modest degree in creatinine levels reported: serum samples should not be analyzed 
for Creatinine if withdrawn within 2 hours of cefoxitin administration, High concentrations may 
interfere with measurement of urinary 17-hydroxy-corticosteroids by the Porter-Silber reaction 
and produce false increases of modest degree in levels reported. A false-positive reaction for 
glucose in urine has been observed with CLINITEST" reagent tablets. 
Carcinogenesis, Mutagenesis, Fertility mpairment—No long-term animal study has been 
performed on carcinogenic or mutagenic potential. Rat studies at approximately three times 
maximum recommended human dosage revealed no effects on fertility or mating ability 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or 
fetal toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was 
associated with a high incidence of abortion and maternal death, neither considered 
teratogenic. There are, however, no adequate and well-controlled studies in pregnant women. 
Because anima! reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 
Nursing Mothers——Excreted in human milk: Exercise caution. 
Pediatric Use—Safety and efficacy in infants from birth to three months have not yet been 
establ shed. In children three months and older, higher doses have been associated with 
increased incidence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions follow- 
ing intravenous or intramuscular injection. Other adverse reactions have been encountered 
infrequently Loca! Reactions— thrombophlebitis with intravenous administration: pain, indu- 
ration. and tenderness after intramuscular injections. Al/ergic Reactions—Rash (including 
exfoliative dermatitis), pruritus, eosinophilia, fever, and other allergic reactions. Gastrcin- 
testinal Symptoms of pseudomembranous colitis during or after treatment and, rarely, 
nausea and vomiting. Blood-—Transient eosinophilia, teukopenia, neutropenia, hemolytic 
anemia, and throribocytopenia; a positive direct Coombs test may develop in some indi- 
viduals, es ecially those with azotemia. Liver Function— Transient elevations in SGOT, SGPT, 
sérum LDH, and serum alkaline phosphatase. Rena! Function—Elevations in serum 
creatinine and/or 3lood urea nitrogen levels and, rarely, acute renal failure. 
Note: in group A beta-hemolytic streptococcal infections, therapy should be maintained foz at 
least 1) days to guard against the risk of rheumatic fever or glomerulonephritis. in staphyio- 
coccal and other infections involving a collection of pus, surgical drainage should be carred 
oul where indicated. Intramuscular injections should be well within the body of a relativel 
large muscle such as the upper outer quadrant of the buttock is gluteus maam]: 
aspiration is necessary to avoid inadvertent injection into a blood vessel. The total daily 
dosage in infants and children should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 1 gram or 2 
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Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 
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Intra-abdominal Infections in Pancreas Transplant 


Recipients — 





DAVID E. R. SUTHERLAND, M.D. 
RICHARD L. SIMMONS, M.D. 


UWE J. HESSE, M.D. 


During a 7-year period, 116 pancreas transplants were performed 
in 98 diabetic patients (49 with and-49 without previous kidney 
transplants) at the University of Minnesota. The posttransplant 
clinical course of 26 recipients (22%) was complicated: by an 
intra-abdominal ‘infection (8 with and 18 without previous kidney 
transplants). Infections ‘occurred in 19/57 cases (33%) in which 
exocrine secretions were managed by enteric drainage, in 5/15 
cases (33%) managed by freé drainage into the peritoneal cavity, 
in 1/39 cases (3%) in which the duct was injected with a synthetic 
polymer, and in 1/2 Kone (56%) in which a pancreaticocystos-. 
tomy was performed. The organisms Escherichia coli, entero- 
cocci, bacteroides, and several anaerohes were cultured from the 
patients with enteric drainage, while staphylococci were asso- 
ciated with the open duct drainage. Fungi] infections with Can- 
dida were found with all techniqués, Surgical and percutaneous 
drainage was performed in all patients. In 14 patients, fanctioning 
and, in four patients, noiifyctioning grafts were removed. In five 
patients, the infection resolved while the grafts were ‘functioning, 
and these patients are currently alive and well. Seven of the 26 
patients with infections died (27% mortality rate), five after graft 
removal and two with the graft stil] in place (1 with and 1 without 
fonction), five in the operi-duct, and one each in the enteric and 
urinary drainage categories. In the 90 cases withont intra-ab- 
-,dominal - infection, ‘only six patients died (4 cardiovascular, 1 
~anaphylaxis, 1 snd infection), for a a rate 
of 7%. 


BDOMINAL INFECTIONS in organ transplant recip- 
A ients are serious complications associated with 

a high mortality.'? The potent immunosuppres- 
sive regimen of the first weeks after transplantation, in 
combination with the basic disease (uremia, liver failure, 
diabetes), compromises ‘the immune system of the organ 
recipient and increases the susceptibility to infection. 
Drainage of the external secretions from the transplanted 
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organ, é,g., bile from a liver graft or the exocrine enzymes 
of a pancreas graft into the bowel, is 4 potential source of 
infection with enteric flora. The secretions themselves, 
even when not drained into a viscus containing micro- 
organisms, provide a medium wherever minimum con- 
tamination from any sources can lead to infections. The 
present report ‘analyzes intra-abdominal infections and 
their management in 26 of 116 recipients of intraperito- 
néal pancreas transplants where exocrine drainage was 
managed by either pancreaticojejunostomy, pancreati- 
cocystostomy, free drainage into the peritoneal cavity, or 
duct injection with synthetic polymers. `~ 


Patients and Methods 


One hundred sixteen pancreas transplants (72 from ca- 
daver and 44 from related donors) were performed i in 98 
patients (38 males, 60 females; mean (+SD) age of 32.5 
+ 4.4 years; mean (+SD) duration of ‘diabetes of 
22.2 + 4.8 years) at the University of Minnesota between 
July 25, 1978, and June 15, 1985. Exocrine secretions 
were managed by leaving the duct open to drain freely 
into the peritoneal cavity in 15 cages, dùçt-ligation i in three 
eases, duct injection with synthetic polymers i in 39 caseg 
(prolamine in 4 and silicone rubbėr i in 35), drainage into 


‘a Roux-en-Y loop of jejunum in 57 cases, and drainage 


into the bladder i in two cases. In the enteric drained cases, 
a Roux-en-Y loop of j jejunum was prepared at least 6 
weeks prior to the transplant in 24 cases and was per- 
formed simultaneously with the transplant in 33 cases. 
Forty-two of the enteric drained grafts were of the seg- 
mental variety (pancreatic tail; 8 from cadaver and 34 
from related donors), while 15 cadaver grafts were of the 
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TABLE 1. Intra-abdominal Infections in Pancreas Recipients with and 
without Previous Kidney Transplant in Regard to the Used Technique 


Infections į in Patients 


With Previous Kidney 


Without Previous Kidney 
WPI 1/3 33% 5/8 63% 
SPJ 5/13 38% 8/28 29% 
oD 2/12 17% 3/3 100% 
DI 0/26 0% 1/13 8% 
PC 0/0 0% 1/2 50% 
DL 0⁄3 O% 0/0 0% 








WPJ = whole graft pancreaticojejunostomy. 
SPJ = segmental pancreaticojejunostomy. 
OD = open duct. 

DI = duct injected. 
DL = duct ligated. 


entire pancreas in which either a large patch of duodenum 
encompassing both the Papilla of Vater and duct of San- 
torini (6 cases) or a small patch of the Papilla of Vater 
only (9 cases) was anastomosed to recipient bowel, ` 

Immunosuppression was administered according to 
three different protocols: (1) azathioprine 1.5-2 mg/kg 
body weight/day + prednisone 1-2 mg/kg/day tapered 
' within 4 weeks to a maintenance of 0.2 mg/kg/day; (2) 
cyclosporine 10-14 mg/kg/day tapered to 6-8 mg/kg to 
maintain trough whole blood levels around 200 ng/ml 
+ prednisone as in protocol 1; (3) cyclosporine, azathio- 
prine, and prednisone (triple therapy) in doses slightly 
less than in the other two protocols. Thirty-three patients 
were ‘treated by protocol 1, 44 patients by protocol 2, and 
33 patients by protocol 3. Sixty-six patients received an- 
tilymphocyte globulin (ALG) (10-30 mg/kg/day for 7- 
14 days), 26 in the protocol 1 group, 16 in the protocol 
2 group, and 24 in the protocol 3 group. 
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Twenty-six recipients (22%), 10 men and 16 women 
(ane counted twice because of 2 transplants), developed 
posttransplant intra-abdominal infections, of whom eight 
had had and 18 had not had kidney transplants (Table 
1). Nineteen of the 26 recipients with infections had un- 
dergone a pancreaticojejunostomy (6 whole grafts [WPJ], _ 
4 with a large duodenal patch, and two with a small duo- 
denal cuff encompassing only the Papilla of Vater; and 
13 segmental grafts [SPJ], 10 from living related donors 
[all segmental] and 3 from cadavers), with a 33% incidence 
of infection with exocrine drainage to a Roux-en-Y limb. 
The Roux limb was prepared 6 weeks prior to transplan- 
tation in 14 recipients (58% incidence of infection) while 
in five recipients (1 of a whole graft and 4 ofa segmental 
graft) the Roux-en-Y limb was created at the time of 
transplant (15% incidence of infection). 

In five patients with infection (2 from living related 
and 3 from cadaver donors), the duct was left open (OD) 
with peritoneal drainage (33% incidence of infection). The 
graft (cadaver) of one infected patient was duct injected 
(DI) with silicone rubber (3% incidence of infection). One 
patient with infection underwent a pancreaticocystostomy 
(PC) of a whole cadaver graft (50% jncidence) (Table 2). - 

Eight of 33 patients who were immunosuppressed with 
‘azathioprine and prednisone developed infections (24%), 
including four of 14 with open duct (29%), none of three 
with duct ligation (0%), one of eight with duct injection 
(12%), and three of eight with enteric drainage (38%). Of 
26 azathioprine patients treated with ALG, six developed 
infections (23%), while two of seven not treated with ALG 
developed infections (29%). 

Four of 44 patients immunosuppressed with cyclospo- 
rine and prednisone had infections (9%), including one 
of one with open duct (100%), none of 28 with duct in- 
jection (0%), and three of 15 with enteric drainage (20%). 


x 


“TABLE 2. Incidence of Infection, Failure Rate, Mortality, and Time of Roux-en-Y Construction for Pancreaticojejunostomy According to the 
Different Techniques Used in Patients with Posttransplant Abdominal Infections 
# Infection/ Total with Roux-en-Y Graft Loss or Mortality in 
# Infections/ oe ee Death/# Patients with 
Technique* # Transplants Simul. Prev. Infection Infection 
WPI : 
Duodenal patch 4/6 (67%) 1/3 (33%) 3/3 (100%) 4/4 (100%) 1/4 
Papilla Vater 2/9 (22%) 0/4 (0%) 2/5 (40%) 2/2 (100%) 0/2 
SPJ r i 
Cad 3/8 (37%) 0/1 (0%) 3/7 (43%) 2/3 (66%) 0/2 
LRD 10/34 (29%) 4/25 (16%) 6/9 (67%) 6/10 (60%) 0/10 
OD 5/15 (33%) — — 5/5 (100%). 4/5 
DI 1/39 (2.6%) — = 1/1 (100%) 1/1 
PC f 1/2 (50%) — — 1/1 (100%) 1/1 
DL 0/3 (0%) a 5 = a 
Total 5/33 (15%) 14/24 (58%) 21/26 (81%) 7/26 (27%) 


26/116 (22%) 
* Same abbreviations as in Table 1. 
Prev. = previously constructed. 


Simul. = simultaneously constructed. 
# = number, 
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TABLE 3. Immunosuppressive Regimen in 98 Recipients of 116 Pancreas Transplants According to the Different Techniques* 








# Infected/# Treated 
Immunosuppression N) WPJ SPJ DI DL OD PC Total 
Azathioprine + prednisone 33 2/6 0/1 , l 2/7 
+ ALG 1/2 1/7 0/3 4/14 6/26 
CsA + prednisone 44 1/9 0/18 1/1 2/28 
+ ALG 0/1 2/5 0/10 2/16 
Triple therapy 33 0/4 3/5 3/9 
+ ALG 6/10 4/10 0/2 1/2 11/24 
Without/or only azathioprine 
ID twins 0/5 0/1 0/6 
Total 6/15 13/42 1/39 0/3 5/15 1/2 26/116 
* Same abbreviations. as in Table 1. 


Of 16 cyclosporine patients who were treated with ALG, 
two became infected (12.5%) while two out of 28 (7%) 
not treated with ALG did so. 

Infection occurred in 14 of 33 patients treated with 
triple therapy (42%), including none of two with duct in- 


- jection (0%), 13 of 29 with enteric drainage (45%), and 


one of two with bladder drainage (50%). Of the 24 patients 
treated with ALG, 11 developed infections (46%), while 
only three of 9 not treated with ALG did so (33%) 
(Table 3). 

Six monozygotic ane were treated either with aza- 
thioprine alone or without immunosuppression. No in- 
fection was noted in these patients. 

All patients received broad spectrum antibiotics pro- 


` phylactically and had mechanical and antibiotic bowel 


preparation prior to transplant. The grafted vessels were 
anastomosed to the recipient iliac vessels with 5-0 and 
6-0 Prolene® sutures. In the patients ‘who received duct- 
_ injected grafts, after completion of the vascular anasto- 
~ mosis, a blunt needle was inserted into the duct and 2-7 
ml of either Prolamine® (4 cases) or silicone rubber (35 
cases) was injected, the amount depended on the size of 
the pancreas. The duct was ligated after injection. In the 
patients who underwent segmental pancreaticojejunos- 
tomy, the Roux limb was occluded with a bowel clamp 
about 10 cm proximal to its end. The distal end was then 
opened, and the proximal end of the pancreas was con- 
‘nected to the bowel lumén by a first layer of 4-0 Prolene 
sutures between bowel mucosa and ‘parenchyma of the 
cut surface of the segmental grafts, followed by a second 
layer between the serosal surfaces of the segmental grafts 
and the bowel serosa, intussuscepting the proximal end 
of the graft. For whole organ grafts with a duodenal patch, 


-© a two-layer anastomosis of mucosa to mucosa and serosa 


to serosa was performed. Pancreaticocystostomy was per- 
formed with a duct to mucosa suture of 5-0 PDS through 
a small opening in the bladder. A second layer of Prolene 


4—0 was used to secure the capsule of the pancreas to the 
serosa of the bladder. 

Most patients received parenteral nutrition for 10~12 
days posttransplant while a nasogastric tube was in place. 
The patients with pancreaticocystostomy had a urinary 
catheter for 2-3 weeks. Postoperative care was provided 
at a special transplant station with daily measurement of 
plasma glucose, serum amylase, hemoglobin, white blood 
count, platelets, serum creatinine, blood urea nitrogen, 
clotting factors, temperature, weight, and urine output. 

As soon as there was clinical suspicion of infection, the 
patients were microbiologically examined by blood cul- 
tures, chest roentgenogram, and in case of abdominal 
complaints ky sonography and computed (CT) tomog- 
raphy scan. When ascites was tapped, an 18-gauge catheter 
was used, and abscesses, which were drained percuta- 
neously, were punctured by a fine needle (usually 22- 
gauge) prior to a catheter insertion by a modified Seldinger 
technique.’ Gravity drainage or continuous bulb suction 
was applied, and the catheter was left in place until the 
patient was afebrile and the drainage ceased. Antibiotics 
were administered according to sensitivity testing. A sin- 
ogram was performed at the time of treatment and before 
the catheter was to be withdrawn. 


Results 


In the 98 recipients of 116 pancreas transplants, the 1- 
year actuarial patient survival and graft functional survival 
rates are 86% and 30%, respectively, and currently (June 
1985) 29 patients are insulin-independent, 19 for more 
than 1 year. ‘Thirteen patients died of complications re- 
lated to the operation, 7/26 with intra-abdominal infection 
(27%) and 6/90 without infections (7%). The six deaths 
not due to infection were for cardiovascular reasons in 
four, anaphylactic reaction to ALG in one, and cytomeg- 
alovirus infection in one. 
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TABLE 4. Time between Transplantation and First Invasive Treatment 
N Days 

SPJ 13 2, 6, 10, 14, 17, 17, 22, 25, 25, 25, 32, 180, 210 

WP] 6 2, 21, 24, 24, 57, 90 

PC 1 36 

OD 5 7, 13, 13, 14, 25 

DI 1 33 





* Same abbreviations as in Table 1. 


The incidence of infection according to the method 
used for managing the exocrine secretion of the graft was 
19/57 (33%) with pancreaticojejunostomy, 5/15 (33%) 
with open duct, 1/39 (3%) with duct-injection, and 1/2 
(50%) with pancreaticocystostomy. Infections did not oc- 
cur in three duct ligated grafts. Of the seven recipients 
with intra-abdominal infection who died, in five sepsis 
was the sole cause. One died at 6 months of lymphoma 
(azathioprine treated), and one developed brain death after 
aspiration and cardiac arrest 13 days after transplantation. 
The latter patient had been percutaneously tapped, sur- 
gically re-explored, and again percutaneously tapped for 
recurrent ascites on days 2, 3, and 10 posttransplant, re- 
spectively. The collected fluid was positive for Candida 
only on day 10. However, there was no evidence for sepsis 
or peritonitis on the day of expiration. Nineteen of the 
26 patients with intra-abdominal infection cleared the in- 
fection and are alive and well, five with functioning grafts. 
Twelve lost graft function early. Two patients lost function 
of their grafts 9 and 21 months after transplantation, for 
reasons not related to the infection, which had cleared. 


Time Between Transplantation and Treatment for Infec- 
tion (Table 4) 


In all but three patients, the infections were diagnosed 
and treated within 20 + 12 days of transplantation, rang- 
ing from 2 days (in two patients who had to be tapped 
because of sterile ascites) to 57 days. In one patient who 
was first treated twice for rejection and had subsequently 
to be withdrawn from immunosuppression because of se- 
vere CMV infection after which he lost graft function, a 
peripancreatic abscess was discovered at the time of graft 
pancreatectomy, 90 days posttransplant. 

The immediate posttransplant course of another patient 
was complicated by a superficial wound infection, which 
healed by secondary intention. However, at 6 months 
posttransplant, one abscess was surgically drained and a 
second abscess was drained percutaneously, but he con- 
tinued to be febrile, and, at re-exploration, he was found 
to have an infected pancreas transplant pseudocyst, which 
necessitated a transplant pancreatectomy. 

A third patient was re-explored after 8 months for ab- 
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dominal discomfort. A small peripancreatic abscess area 
was found at the site of an open biopsy performed 1 month 
posttransplant for mild hyperglycemia, at which time re- 
jection was diagnosed and treated. Eight days after the 
second re-exploration, CT scan showed a reaccumulation 
of the abscess, despite the fact that immunosuppression 
was withdrawn. Percutaneous drainage failed, and a third 
surgical re-exploration revealed a peripancreatic abscess, 
which was drained with a drain left in situ. Immuno- 
suppression was resumed 14 days thereafter, and the graft 
is still functioning. 


Number of Treatments Required 


Eight patients (32%) underwent only one procedure. 
Of these, five had their grafts removed, four because of 
an intra-abdominal abscess (2 SPJ, 1 WPJ, 1 OD) and 
one because of severe pancreatitis and recurrent ascites 
(open duct graft). The other three patients were success- 
fully treated and retained long-term graft function. One 
patient had a leak at the pancreaticojejunostomy (SPJ), 
which was successfully oversewn. In one patient with SPJ, 
an intraperitoneal hematoma and abscess was removed. 
One patient with SPJ had a laparotomy, at which time a 
chemical peritonitis was diagnosed, but cultures grew out 
Propionibacterium. 

Eighteen patients (69%) had between two and six per- 
cutaneous drainages and surgical explorations. Sixteen 
patients lost their grafts or lost graft function, while in 
two patients the infection ultimately resolved and long- 
term graft function was established. 


The Course of the 21 Patients Who Lost Their Grafts (Ta- 
ble 5) 


A total of 14 functioning grafts was removed. The rea- 
sons are given in Table 5. Four nonfunctioning grafts were 
removed, two after rejection, one after venous thrombosis, ~ 
and one after arterial thrombosis. Two nonfunctioning 
grafts were left in situ after abscesses were drained. One 
patient died with a functioning graft after cardiac arrest, 
as previousiy mentioned. Of the 14 patients who had 
functioning grafts removed, in five at least one previous 
attempt had been made to drain the infection, either per- 
cutaneously or by laparotomy. One patient had to have 
a laparotomy because of bleeding after percutaneous 
drainage of infected ascites. 

One patient was percutaneously drained on the 36th 
postoperative day. An abscess was subfascially situated 
near the pancreas and was easily accessible. However, the 
procedure had to be repeated on the 43rd day and a second 
catheter was placed in the pelvis, both of which were left 
in place and put on bulb suction for 12 days and more ; 
than 3 months, respectively (Figs. 1A and B). This patient, 
however, developed progressive liver failure without 
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: Invasive 
Case Treatment Prior to Clinical & Intraoperative Treatment after 
No. Technique* Pancreatectomy Findings © Pancreatectomy Status 
_ 4 OD Expl. lap., Fever, WBC, renal A&W 
percutaneous insufficiency, infected 
drainage pancreas transplant, 
pseudocyst 
5 oD Percutaneous ascites Fever, peritonitis, Candida, Died 31 days 
hematoma insufficiency transplant 
removed 
13 oD 2 peritoneal taps Ascites, ARDS, fever, WBC, Expl. lap. for Died 50 days 
Ss peritonitis, Candida, sepsis, recurrent after 
pancreaticocutancous fis-ula abscess transplant 
26 OD Fever, SBO, pleural effusion, A&W 
ureteral obstruction, ` 
pancreatitis, renal 
insufficiency requiring 
dialysis 
31 SPJ Laparotomy Persistent fever, peritonitis, A&W 
Candida, sepsis 
~ 37 SPJ Renal insufficiency, fever, A&W 
peripancreatic abscess, 
staph. sepsis 
68 OD Severe pancreatitis, fever, Died 7 
pneumonia, WBC, urinary. months 
obstruction, clotting defect after 
transplant 
94 SPJ Fever, peripancreatic abscess, ` A&W 
i renal insufficiency 
98 WPJ Fever, WBC, confusional Surgical A&W 
episodes, multiple abscesses drainage of 
abscess 
99 WPJ Percut. drainage, Fever, WBC, recurrent Percutaneous A&W 
expl. lap. . abdominal fluid collection, drainage of 
re peritonitis abscess 
100 SP} Peritonitis, fever, pancreatitis, Percutaneous A&W 
WBC drainage of 
: ; ‘abscess 
101 PC 2 X percutaneous Bleeding from the — Died 6 
drainage pancreaticocystostomy, months 
peritonitis, liver failure after 
transplant 
lt SPJ Fever, ileus, WBC, . A&W 
hyperbilirubinemia, 
multiple abscesses, 
Peripancreatic + plevic 
112 WPJ Fever, WBC, peripancreatitis A&W 


ARDS = adult respiratory distress syndrome. 
LRD = living related donor. : 
Rej = ejection. ` 
Expl. lap. = exploratory laparotomy. 


* Same abbreviations as in Table 1. 


` WBC = white blood count elevated. 
SBO = small bowel obstruction. 
A&W = alive and well. 
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FiG. 1A. Sinogram of a percutaneously drained peripancreatic abscess 
cavity 6 weeks posttransplantation and 2 weeks after drainage in a patient 
with pancreaticocystostomy, 


R 


Fic, IB. Sinogram of the same patient as in Fig. [A 4 months after 
drainage with drainage catheter in situ. 
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identifiable reason, which led to a hemorrhagic diathesis 
associated with bleeding from her pancreaticocystostomy, 
requiring removal of the functioning graft. Despite ces- 
sation of immunosuppression, her liver failure progressed. 
Her postc serative course was complicated by a cardiore- 
spirato arrest with subsequent aspiration and pneu- 
monia from which she did not recover; she expired 6 
months after transplantation and 2 weeks after graft re- 
moval. 

After transplant pancreatectomy, two patients under- 
went percutaneous drainage of recurrence of the abscess. 
Two underwent re-exploration and a second surgical 
drainage because of recurrence of the abscess. 


The Course of the Patients Who Maintained Grafi Func- 
tion (Table 6) 


In five patients, abscesses were drained surgically. In 
two of these, laparotomies were performed because of 
small bowel obstruction, and in one the abcesses were 
discovered incidentially. In the other patient, an open bi- 
opsy of the graft had been performed 19 days posttrans- 
plant because of mild hyperglycemia. The biopsy was 
negative for rejection and glucose metabolism gradually 
improved. A small bowel obstruction led to the second 
exploration | week later where enterolysis and drainage 
of a peripancreatic abscess was performed. Seven and 10 
days (32nd and 35th day posttransplant) thereafter, a CT 
guided percutaneous drainage of the reaccumulated pan- 
creatic fluid was performed. The second time a catheter 
remained in place for 12 days. Azathioprine was withheld 
for 5 days because of a white blood count of 1700. How- 
ever, two more surgical explorations were performed at 
39 and 48 days to drain intraloop abscesses that CT scans 
showed were net suitable for percutaneous drainage (Fig. 
2). Immunosuppression was stopped in this patient for 
11 days, during which time the infection resolved, and ` 
she has maintained good graft function for over a year. 
An open biopsy was also performed in the third patient 
shortly (6 weeks) after transplant. Eight months later, she 
developed a peripancreatic abscess that required surgical, 
percutaneous, and another surgical drainage, as previously 
described. 

The fourth patient was explored because of fever and 
abdominal pain, and a small leak was found at the pan- 
creaticojejunostomy, which was successfully repaired. The 
fifth patient was explored for abdominal pain and no ab- 
scess was found, but there was a generalized peritonitis 
and positive cultures were obtained. The process resolved, 
and the graft functioned for nearly 2 years. 

It should be noted that all these patients had a drainage 
into a viscus, and immunosuppression was markedly re- 
duced in two patients who were treated with triple therapy. 
One patient who had a previous kidney transplant from 
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TABLE 6. Course of Patients Whose Functioning Grafis Were Left in Situ* 
Days between 
Zase Transplant & 
No. Technique Treatment Immunosuppression Drainage Follow-up 
50 SPJ Smal! abscess surgically CsA + Pred 25 Lost graft function 
drained and anast. after 9 months 
leak oversewn due to rejection 
71 SPJ Explored for chemical CsA + Pred 10 Lost graft function 
peritonitis after 21 months 
due to rejection 
89 SPJ Explored for SBO, Low dose of 27 12 months 
small abscess azathioprine + pred 
drained (LRD) 
92 SPJ Transplant biopsy, 8 days without 19, 25, 32, 35, 9 months 
surgically drained azathioprine, 11 73, 82 
abscess + SBO, 2 days without CsA 
X percutaneous + azathioprine 
drainage, 2 
X surgical drainage 
102 SPJ Transplant biopsy, Low dose CsA Pred 210 8 months 


surgical drainage, 
percutaneous 
drainage, surgical 
drainage 


+ azathioprine 
(LRD) 





* Same abbreviations as in Tables | and 5. 
Pred = prednisone. 


the same donor was on low dose prednisone and azathio- 
prine only, and two patients were on cyclosporine and 
prednisone only. 


Consistence and Location of the Abdominal Fluid Collec- 
tions (Table 7) 


Abscesses were mainly associated with the techniques 
that diverted exocrine secretion of the pancreas into a 
viscus and were located around the graft in the pelvis and 


CsA = cyclosporine. 


in the mesentery. Open duct and duct-injected procedures 
were predominantly followed by ascites, which in three 
out of five cases (60%) eventually developed into putride 
abscesses. 


Microbiologie Examination of the Collected Fluids (Table 
8) 


Candida was associated with infections in all techniques 
used. The patients without duct drainage or open drainage 





Fic. 2. Left. CT scan of a patient with intraloop abscess reaccumulated after two attempts of percutaneous and one of surgical drainage (technique: 
pancreaticojejunostomy). Right. CT scan of the same patient 10 days after surgical drainage of the reaccumulated abscess with the drainage catheters 
in siti. 
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, TABLE 7. Consistence and Location of Intra-abdominal 
Fluid Collections 
Technique* N Abscesses Ascites 
WPJ 13 Peripancreatic X 7, pelvic 1 
+ peripancreatic 
X 2, peripancreatic 
+ thrombosis after 
ascites X 1, pelvic 
+ peripancreatic 
+ intramesenteric 
x2 
WPJ 6 Peripancreatic X 5 1 
PC 1 Subfascial, pelvic, & _ 
peripancreatic 
oD 5 2 intraperitoneal hematoma 4 
(1 + ascites + pus) (2 develop2d pus) 
DI 1 1 


* Same abbreviations as in Table 1. 


had a high incidence of staphylococcus contamination, 
while enteric aerobic and anaerobic microbes were mainly 
involved when the bowel was opened. Candida was the 
only cause in the infection of the patient with the bladder 
drainage, where it was also present in the urine prior to 
the abscess, which was treated with amphotericin. The 
culture from the specimens of two patients (1 OD, 1 WPJ) 
whose grafts were removed were negative. 


Special Case Not Included in Above Tabulation 
One patient (who was not included in the above tab- 


ulations because she was not considered as an immediate . 


posttransplant complication) had to be explored at I year 
and 5 months posttransplantation with pancreaticojeju- 
nostomy for an infarction of the terminal ileum due to a 
volvulus around an adhesion. One week after resection 


TABLE 8. Bacteriology of the Intra-abdominal Fluid Collections 


According to the Technique* 
SPJ WPJ PC OD DI 
Streptococcus 2 = = — _ 
Staph epidermidis 3 = — 3 1 
Staph aureus — — — 1 — 
E. coli 4 — — — — 
Klebsiella/Enterobacter/ 

Citrobacter/Serratia 7 2 — 1 1 
Enterococcus 5 1 — — — 
Bacteroides 1 3 — — — 
Pseudomonas 1 — — — — 
Clostridium 4 i — — — 
Lactobacillus 3 1 — — — 
Other anaerobes 3 l — — — 
Candida 3 2 i 2 1 


* Same abbreviations as in Table 1. 
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"of the infarcted bowel and primary iliocolostomy, she had 


to be re-explored for pelvic abscess and sepsis, and an 
iliostomy and Hartmanns pouch was performed. How- 
ever, percutaneous drainage was necessary 3 weeks after 


the second operation, which led to the resolution of the 


infection while the graft was still functioning. A 
Discussion 

Technical failures are still a major obstacle to successful 
pancreas transplantation, of which thrombosis and infec- 
tion are the two most frequent.®? Enteric drainage of the 
pancreas graft carries a high risk of contamination at the 
site of anastomosis, and infectious complications have to 
be anticipated; indeed, the incidence was high with this 
technique. However, infections occurred when the sterile 
bladder was used for duct drainage, and infections were 
seen when no viscus was used for drainage, particularly 
in the open duct cases. The lowest incidence of infection 
was with duct injection. The pathogenesis of an abdominal 
infection after pancreas transplantation can be explained 
according to the techniques: 


(1) Ascites resulting from poor peritoneal absorption, 
of the pancreatic secretion of open duct grafts and chem- 
ical peritonitis due to activation of pancreatic enzymes 
provide an excellent environment for organisms, which 
are transmitted from the donor, contaminated during the 
operation, or caused by posttransplant diagnostic and 
therapeutic drainage attempts. 

(2) Anastomic leakage from a viscus graft anastomosis 
and spillage of enteric flora has to be considered as a source 
of infection in most operations with this technique. 


However, whole grafts with a duodenal patch had the 
highest incidence of infection (67%), and all infected grafts 
failed. Whole grafts with a small duodenal cuff around 
the Papilla of Vater had a lower incidence of infection_ 
(22%), although the two infected grafts also failed. The 
incidence of infection in segmental grafts from living re- 
lated donors and from cadaver donors was 29% and 37%, 
respectively. In five out of 13 recipients of segmental grafts 
with infection, the infection resolved (38%) and graft 
function was maintained. The patients successfully treated 
for intra-abdominal abscess were already on low-dose im- 
munosuppression, or immunosuppression was immedi- 
ately stopped or lowered after diagnosis, and they did‘not 
reject during the period of treatment. The duodenal patch 
technique was associated with the highest rate of technical 
failure, and it appears that restricting the duodenal cuff 
to just the Papilla of Vater is safer if a pancreaticojeju- 
nostomy is performed with a whole pancreas graft. Infec- 
tions in recipients of segmental grafts are more likely to 
resolve with retention of graft function than in those who.. 
have infection after whole pancreas transplantation. 
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The incidence of infection in the patients who received 
grafts with an open duct draining freely into the peritoneal 
cavity (33%) was similar to that in the patients with pan- 
creaticojejunostomies. However, all open-duct grafts as- 
sociated with infections failed, and four out of five (80%) 

“patients died after the infection. This instance occurred 

early in our experiences and was associated with severe 
ascites, which should have led to earlier removal of the 
graft. This technique is not used anymore in our insti- 
tution. 

Although having a low incidence of infection (2.6%), 
duct injection is also no longer used because of the fibrosis 
that may lead to loss of endocrine function.’ The infection 
in one of two patients with pancreaticocystostomy (50%) 
was initially managed with percutaneous drainage, but 
eventually unexplained hepatic failure occurred, a coagu- 


lopathy ensued, and bleeding from the ductocystostomy - 


developed, requiring the removal of the functioning graft. 
The patient aspirated in the postoperative period from an 
arrest and died of respiratory failure 2 weeks after graft 
removal. The initial positive culture for Candida should 

_ have led to surgical exploration rather than to percuta- 
neous drainage, as recommended by others.!*!! Our ex- 
perience with pancreaticocystostomy is too small to draw 
definite conclusions on the incidence, course, and treat- 
ment of infections, but other groups have used this tech- 
nique with a high success rate. !? 

Complications of other organs, such as the colon per- 
forations reported to occur with a low incidence (1%) in 
kidney! and liver transplant? recipients, were not en- 
countered. However, the mortality after abdominal in- 
fections resulting from enteric perforation in kidney and 
liver recipients is reported to be 70 and 63%, respec- 
tively,'? much higher than the 28% mortality rate in pan- 
creas transplant recipients with intra-abdominal infection, 

~as reported in this paper. 

The mortality rate of pancreas transplants should be 
low even in the presence of infection, since it is simple to 
remove an infected graft. This we did in 14 patients with 
functioning grafts and four with nonfunctioning grafts, 
necessitating resumption of insulin injection, but allowing 
immunosuppression to be stopped so they could clear the 
infection. In our series, the incidence of infections in grafts 
from cadavers was less than in grafts from related donors 
(19 vs. 27%), in contrast to the findings in renal transplant 
patients reported by Hau et al.,! where recipients of ca- 
daver kidneys had more infections than recipients of re- 
lated kidneys. However, this is probably due to the higher 
proportion of enteric drainage grafts in the recipients of 
pancreas grafts from related donors than from cadaver 
donors. 

Of the 26 recipients with infections, 22 had become 
symptomatic and were treated within the first 4 weeks, 
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one patient at 7 weeks, one at 13 weeks, one at 21 weeks, 
and one at 28 weeks posttransplantation. All the infectious 
complications were directly related to the grafts. 

Four factors seem to be related to the occurrence of 
infections in pancreas transplant patients: 


(1) The anastomosis of the pancreas to a viscus is prone 
to leakage before complete healing has occurred. 

(2) The high immunosuppressive therapy used in the 
early transplant period impairs healing. 

(3) Pancreatic grafts produce a fluid, especially after 
meals, that is secreted via open ducts or cut lymphatics - 
into the peritoneal cavity, and this fluid is a good culture 
medium and is conducive to colonization by micro-or- 
ganisms.° 

(4) Graft necrosis, either from vessel thrombosis or 
from rejection, provide a good medium for infection, and 
the patient is particularly vulnerable if antirejection ther- 
apy has been given. 


Although we did not encounter some of the late gas- 
trointestinal complications (1-48 months) seen in kidney 
transplant recipients,'! in one of our pancreas transplant 
patients an infarcted volvulus of the terminal ileum had 
to be resected 18 months posttransplant, and a primary 
ileocolostomy was performed. Despite the development 
of an intra-abdominal abscess that required a re-explo- 
ration and construction of ileostomy and Hartmann 
pouch, the infection cleared after temporary cessation of 
the immunosuppression, and the recipient now has a nor- 
mally functioning graft at 42 months posttransplant. The 
ability to handle the infection was probably enhanced by 
the fact that her graft was from an HLA-identical sibling, 
and she had been on low dose immunosuppression and 
has been normoglycemic for 1.5 years prior to the infec- 
tion. 

Percutanecus drainage (PCD) was usually followed by 
surgical exploration in the pancreas transplant patients 
with infection. PCD was basically used when ascites im- 
paired respiratory function and for diagnostic reasons, 
However, it was also performed after surgical exploration 
for fluid reaccumulation. Grafts were generally removed 
when previous PCD procedures had been ineffective, and 
when peritonitis and abscesses were present at laparotomy. 
The course of the patient also influenced the decision for 
graft removal, and persistent fever or development of renal 
and/or pulmonary impairment was an indication. 

PCD as exclusive treatment was temporarily successful 
only in the one patient with pancreaticocystostomy. Her 
abscess was easily drained, and the culture grew Candida 
albicans. However, 6 months later, she developed hepatic 
failure and bleeding from the graft, necessitating its re- 
moval; she subsequently died from respiratory distress 
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syndrome. According to some authors,'*!! fungal ab- 
scesses should not be treated by PCD, and the late course 
of this patient suggests that this dictum should havz been 
followed. 

Aerobic and anaerobic enteric flora were usualy cul- 
tured from abscesses of the patients with enteric drainage. 
In contrast, in those in whom no viscus had been opened 
the organisms were usually those that are a part of the 
skin flora. Candida is a common cause of infection in 
immunocompromised patients, and this organism was 
cultured from infections associated with all techniques. 

In summary, we had a high incidence (22%) of intra- 
abdominal infection in pancreas transplant patients, and 
within this group there was a high mortality (27%), In- 
fections occurred with all techniques, but the incidence 
was highest with enteric drainage. Infection in the early 
posttransplant period usually required graft- removal to 
resolve, and PCD is useful only as an adjunct to surgical 
exploration. Candida albicans infections occur with all 
techniques. Aerobic and anaerobic enteric organisms are 
associated with enteric drainage, while organisms of the 
skin flora were cultured from freely draining or duct-in- 
jected infected grafts. 
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Can Serum and Peritoneal Amylase and Lipase 
Determinations Help in the Early Prognosis of 


-Acute Pancreatitis? 





JOHN H. ROBERT, M.D., PIERRE MEYER, M.D., 


Serum and peritoneal amylase and lipase levels were determined © 


at an early stage in 73 patients with acute pancreatitis confirmed 
by computed tomography (CT scan), surgery, and/or postmortem. 
Each patient was given an enzymatic score (ES), which reflects 
the predominance of the serum or peritoneal concentration of 
the two enzymes, as the case may be. This score can thus be 
either 0, 1, or 2; ES = 0 if neither enzyme is predominant in the 
~ peritoneal fluid, ES = 1 if amylase or lipase alone are predom- 
inant therein, and ES = 2 if both enzymes are predominant. This 
enzymatic score appears to be a good indicator of severity of 
disease, being as it is directly and significantly related to mortality 


„rate, prognostic score as proposed by Ranson, and incidence of « 


extrapancreatic spreads as demonstrated by CT scan. In 38 pa- 
tlents (including two fatalities) with an enzymatic score of 0 or 
1, mortality was 5%, whereas in 35 patients (10 fatalities) with 
ES = 2, mortality was 29% (p < 0.01). 


HE POOR RELIABILITY of clinical findings in the 
prognosis of acute pancreatitis (AP)—according 
to McMahon,! only one out of three serious forms 

of AP is recognized as such at an early stage—explains 
the increasing use of standard prognostic tables,?“ the 
“~best known being that of Ranson*; however, none of the 
existing tables takes account of pancreatic enzymes such 
as amylase or lipase. This attitude toward pancreatic en- 
zymes is due to the imprecise value of amylase and lipase 
as diagnostic factors in AP. Weaver® and Koehler’ con- 
cluded from electrophoretic isoenzyme determinations of 
amylase in blood that approximately one-third of all cases 
of AP defined as “abdominal pain plus hyperamylasemia” 
are not, in fact, AP, even though this definition is the very 
basis of practically all studies on AP,** since surgical or 
postmortem confirmation is available in only a minority 
of cases. The purpose of this paper is, therefore, to make 
a critical prospective study of the value of amylase and 
lipase determined in blood and peritoneal fluid as prog- 
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nostic factors in AP irrefutably confirmed by computed 
tomography (CT scan), surgery, and/or postmortem ex- 
amination. 


Methods - 


The study covered 73 patients hospitalized at various 
times at the Clinic of Digestive Surgery of the Geneva 
University Hospital over the 5-year period between July 
1980 and July 1985. 

These patients ali suffered from AP confirmed by sur- 
gery (35), computerized axial tomography (70) and/or 
postmortem (9), the three methods being sometimes used 
for the same patient. Of these, 46 were men (63%) and 
27 women (37%), ranging in age from 21 to 84 years (ay 
erage 51.7 years—men 47.3; women 59.1). 

Four causes of AP were identifed (Table 1): biliary 
lithiasis (25) confirmed by ultrasonography, CT scan, and/ 
or surgery; alcoholism (26); a combination of both (7); 
and idiopathic factors (15). Table 2 documents the pres- 
ence or absence of extrapancreatic spreads demonstrated 
by CT scan. 

The incidence of mortality was approximately the same 
for both sexes: 17.4% (8 fatalities) for men and 14.8% (4) 
for women, with an overall incidence of 16.4%. The av- 
erage age of the deceased patients was 67.4 years; it was 
substantially lower for men (60.9 years) than for 
women (80.5). 

Peritoneal lavage was performed on all 73 AP patients 
within 24 hours of admission. Catheterization was always 
preceded by a CT scan to prevent instilled fluid from per- 
turbing the image, e.g., by producing phantom ascites. 
Upper anterior laparotomy or palpation of an abdominal 
mass contraindicated catheterization. No septic or trau- 
matic accident was recorded, in spite of a few cases of 
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TABLE 1. Etiology of 73 Cases of AP Distributed According to Sex 








Alcoholic AP 
Male N = 46 24 (2)* 
Female N = 27 2 
Total N= 73 26 (2) 





* Figures in ( ) are the number of deceased patients and are included 
in the respective totals. 


intraparietal, easily corrected misrouting. Isotonic saline 
serum (1000 cm?) was instilled rapidly (in approximately 
5 minutes) into the abdominal cavity and left for half an 
hour. The fluid was subsequently collected by placing the 
empty perfusion bag on the floor: a few cm? suffice for 
amylase and lipase determinations. This technique is the 
same as that which is widely used in the presence of ab- 
dominal trauma. The lavage itself offers the advantage of 
making enzyme determination more sensitive; it was per- 
formed even in the few cases of AP with pre-existent exsu- 
date. 

Plasma obtained by centrifugation of 0.6 ml of hepa- 
rinized blood was used for amylase determination. The 
colorimetric method used is based on the reaction of io- 
dine and starch. Our reference values were 1.2-3.6 
kU/L. The same colorimetric method was used to deter- 
mine amylase in peritoneal fluid. 

Serum and peritoneal lipase was determined by a tur- 
bidimetric method that assays trioleine degradation.’ The 
reference values for lipasemia were 50-250 U/L. 

Values for chi square and p were computed by using 
the program given in the Statistical Package for the Social 
Sciences.!® 


Results 


General Observations 


Ranson’s prognostic score*'!!* was determined in each 
of the 73 patients with confirmed AP. This score is based 
on patient age and a total of 10 risk factors indicated in 
a test series performed on admission (leucocytosis 





Alcoholic and 





Biliary AP biliary AP Idiopathic AP 
8 (2) $ (1) 9 (3) 
17) 2 6 (3) 
25 (3) 7 (1) 15 (6) 





> 16,000/mm’, glycemia > 11.1 mol/L, LDH > 350 IU/ 
L and SGOT > 120 IU/L) and during the subsequent 48- 
hour period (hematocrit fall > 10%, blood urea nitrogen 
increase > 5 mg%, serum calcium < 2.0 mmol/L, arterial 
pO, < 8.4 kPa, base deficit > 4.0 mmol/L, and fluid se- 
questration > 6 liters). Figure | indicates the distribution 
of the 73 patients, living or dead, according to their Ran- 
son score. All the deceased except one had a score of 6 or 
over. The situation may be summarized as follows: Ran- 
son score < 5, 55 living and one dead; Ranson score > 5, 
six living and 11 dead, with p < 0.0001. 

Nine of the 12 deceased patients underwent postmor- 
tem examination; eight had pancreatic necrosis and ap- 
pear a posteriori to have died of their disease. Only one 
deceased patient, who also suffered from bacterial bron- 
chopneumonia, was found to have pancreatic edema and 
can presumably be classified as “died of other cause,” all 
the more so as he was also suffering from chronic bron- 
chitis (Ranson score 3). 


Amylase 


In view of the variety of units of amylase measurement 
in the literature and the desirability of using a simple pro- 
cedure that could be applied by the intern on duty, all 
AP patients were arbitrarily classified into two groups ac- 
cording to the predominance of their serum (s) or peri- 
toneal (p) amylase levels (the same procedure was followed 
in the case of lipase). The results were as follows: 


S > p: 34 cases (47% of all patients), 
5 < p: 39 cases (53%). 


TABLE 2. Distribution of 73 Cases of AP According to the Results Provided by CT Scan 








Living AP Patients 








Deceased AP Patients 























No CT scan Without No CT scan Without 
Performed With EPS* EPS Performed With EPS EPS 
Number of patients 2 28 31 l 0 1 
~am t 
Subtotal 2 59 1 HI 
6} 12 

Ehi 

Total 73 





* EPS = extrapancreatic spreads. 
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1 Number of patients (n = 73) 


a 






— WR deceased (12) 
CELL living (61) 








5 ê 7 
Ranson’s prognostic score 


Fic. 1. Distribution of 73 cases of AP according to survival and Ranson 
score. All deceased but one had a Ranson score of 6 or over (mortality 
65%, p < 0.0001). 


The prognostic implications of the above classification 
were assessed in the light of favorable or fatal evolution 
of the condition of each patient and the possible presence 
of extrapancreatic speads (EPS) as evidenced by CT scan. 
The diagrammatic distribution of fatal cases and EPS as 
a function of the relevant serum and peritoneal amylase 
levels on admission is given in Figure 2. The overall results 
are as follows: 


s > p: 34 cases in all, with two fatalities (mortality 6%), 
of which 32 CT with 11 EPS (incidence 34%), 


s < p: 39 cases in all, with 10 fatalities (26%), of which 
38 CT with 27 EPS (71%). 


The mortality rate and the incidence of EPS show sig- 
nificant differences for the two groups s > p and s < p, 
with p < 0.05 for the mortality rate and p < 0.01 for the 
incidence of EPS. It should be noted that the latter was 
determined in a total of 70 patients only; the three re- 
maining cases (two living and one dead) had not had a 
CT scan at admission (Table 2). On the other hand, the 
deceased patient with a Ranson score of 3 at admission 
belongs to the group s > p. 


Lipase 


All patients were similarly classified according to the 
predominance of their serum (s) or peritoneal (p) lipase 
levels. In this case, all dead patients but one belonged to 
the group s < p. Contrary to the situation for amylase, 
nearly two-thirds of the patients had, on admission, a li- 
pasemia lower than their peritoneal lipase. The overall 
picture is summarized in Figure 2 and in the following 
data: 
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s > p: 26 cases in all, with one fatality (mortality 4%), of 
which 24 CT with 8 EPS (incidence 33%), 


s < p: 47 cases in all, with 11 fatalities (23%), of which 
46 CT with 30 EPS (65%). 


Contrary to the situation found with amylase, mortality 
did not differ substantially for the two groups, as p < 0.1 
only. 


Amylase and Lipase Levels and the Enzymatic Score (ES) 


If the amylase and lipase levels in blood and peritoneal 
fluid in each patient are considered together, three possible 
alternatives can be seen, each of which can be defined by 
what we termed the “enzymatic score (ES)”: 


ES = 0: the two enzymes are predominant in blood (s 
> p), 


1: one enzyme is predominant in blood and the 
other in the peritoneal fluid, 


ES = 2: the two enzymes are predominant in the peri- 
toneal fluid (s < p). 


Figure 3 illustrates the distribution of our 73 patients 
according to their ES, their Ranson score, and their clinical 
course (favorable or fatal). Mortality remains practically 
unchanged for ES values of 0 or 1, the respective rates 
being 5 and 6%; but there is a marked and significant 
difference in the mortality rate if one considers the two 
groups 0 and | taken together, on the one hand, and the 
group 2, on the other, since the mortality rate jumps from 
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Fic. 2. Distribution of 73 cases of AP according to the predominance 
of serum (s > p) or peritoneal (s < p) amylase and lipase levels, respec- 
tively. Hatched areas represent deceased patients, whereas dotted ones 
refer to patients with extrapancreatic spreads evidenced by CT scan. 
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FIG. 3. Scattergram of 73 cases of AP, living (O) or dead (@), according 
to their enzymatic score (ES = 0, 1, or 2) and Ranson’s prognostic score 
(from 0 to 9). Mean values, superimposed as large circles, correspond to 
the average Ranson score achieved by all patients having the same ES. 
The number of patients is given in the lower line, the number of deceased 
being given in brackets. 


5.5 to 29% (p < 0.01). Figure 4 documents the presence 
or absence of EPS (detected by CT scan) for the 70 patients 
who underwent this examination. Finally, Figure 5 rep- 
resents the variation, in relation to ES, of the incidence 
of EPS and the mortality rate. 

In our patient population, slightly more than one AP 
out of two showed definite peritoneal enzyme contami- 
nation; this predominance (s < p) was somewhat more 
marked for lipase (64% of the population) than for amylase 
(53%). The correlation between a possible peritoneal hy- 
perconcentration and the clinical course of the disease 
appears to be significant insofar as 10 out of 12 fatalities 
in our population belong to the group of 35 patients (48% 
of total population) for whom both amylase and lipase 
levels were found to be higher in peritoneal fluid than in 
blood; this group has an ES of 2 and its mortality rate is 
29%, with p < 0.01. The second group comprises the 22 
patients (30% of the total) who had higher amylase and 
lipase levels in serum than in peritoneal fluid (ES = 0) 
and the 16 patients (22%) who had a peritoneal hyper- 
concentration of one enzyme only (amylase or lipase, ES 
= 1); the mortality of the two categories ES 0 and | taken 
together was 5.5%; it would have been lower still if we 
had not included a patient who had an ES = 0 and a 
Ranson score of 3 (this patient died of bacterial broncho- 
pneumonia and his necropsy did not reveal, in the ab- 
dominal region, anything else but an edematous pancreas). 
The remaining 11 patients who died all had a necrotic 
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pancreas confirmed by surgery or postmortem examina- 
tion. 


Discussion 


The purpose of our prospective study was to assess the 
contribution of serum and peritoneal amylase and lipase 
determinations to the prediction of the evolution of an 
attack of AP within the first hours following hospitaliza- 
tion. 

In addition to its value in the diagnosis of abdominal 
contusions? and the treatment of AP patients,'*!* peri- 
toneal dialysis can provide useful prognostic information; 
broadly speaking, there exists a series of macroscopic and 
chemical criteria in this respect. The color of the ascitic 
fluid is a first sign of severity: the most serious forms of 
AP display the darkest fluids.!$ McMahon! uses three se- 
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Fic. 4. Scattergram of 73 cases of AP, living or dead, according to their 
enzymatic score ES (0, 1, or 2) and the results of their CT scan. The 
light symbols refer to surviving patients, as follows: O for the 28 patients 
with EPS detected by CT, O for the 31 patients without EPS, and A for 
the two patients without CT scan. The dark symbols represent deceased 
patients: @ for the 10 patients with EPS detected by CT scan, @ for the 
patient without EPS, and A for the patient without CT scan. The bold 
figures and circles give the mean ES values for the living and dead patients. 
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Fic. 5. Incidence of extra- 
pancreatic spreads (EPS) and 
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verity criteria based on the color and volume of pancreatic 
ascites, which enable him to predict more than one out 
of two serious attacks of AP (in a group of 120 dialyzed 
patients). The chemical and enzymatic composition of 
the dialysate is also of prognostic value. It is common 
knowledge that the presence of amylase in a pleural or 
peritoneal effusion indicates a pancreatic origin.'° 
Doutre!” even claimed that the presence of lipase in ascitic 
fluid was a clear sign of necrotizing AP. 

Numerous studies,'*?? most of them experimental, 
have determined enzyme concentrations in peritoneal ef- 
fusion in cases of AP; variation of these concentrations 
in time has also been determined, although no correlation 
with the severity of the disease has been established. Rey- 
naert, Otte, and Kestens?” are among the few authors who 
have attempted to correlate the serum and peritoneal 
concentrations (s and p, respectively) of amylase, lipase, 
and LDH; in the follow-up of 21 cases of severe AP, where 
pancreatic necrosis was certified in 13 instances by lapa- 
rotomy, the p/s ratio was invariably greater than 1. In 
this series, however, all peritoneal enzyme determinations 
were carried out on free, spontaneously flowing ascites 
without previous instillation of a dialysate. These rough 
determinations can be expected to be quite elevated. 

Identical prognostic observations apply to methemal- 
bumin, with the difference that methemalbuminemia in 
itself is an indication of severity.” 

In our study, the following criteria were used for prog- 
nostic purposes: (1) the clinical evolution of the patient; 
(2) Ranson’s prognostic score’; and (3) the presence or 
absence of EPS evidenced by CT. When present, EPS 





involvement corresponded iconographically to an infil- 
tration of the retroperitoneal connective tissue and affected 
the renal regions, the root of the mesentery or mesocolons, 
or the posterior cavity of the omenta. The unfavorable 
prognosis of this extrapancreatic extension was stressed 
by Dammann” and Rohner and Hauser.’””* Of 68 cases 
of AP confirmed by CT, 36 (53%) showed involvement, 
all eight fatalities belonged to this subgroup. The mortality 
rate dropped from 22% to 0 in cases of AP with or without 
spreads, respectively. The severity of this involvement was 
further enhanced when correlated with calcemia.”* 

As previously indicated, peritoneal enzyme levels were 
determined in the lavage fluid from peritoneal dialysis. 
This simple, rapid, inexpensive, and almost invariably 
safe procedure has few contraindications; nevertheless. it 
entails a few simple precautions (gastric and vesical de- 
compression”’). 

For a number of reasons, peritoneal determinations are 
by no means always comparable: (a) period of incubation: 
the 30-minute period required for peritoneal lavage is 
usually approximate, and the enzyme concentration will 
probably increase proportionally with the length of the 
lavage period; (b) localization of the catheter: tubes do not 
always follow the same route, and it may be assumed that 
those which are closer to the pancreas will collect a fluid 
with a higher enzyme content. In one of our patients, 
peritoneal concentrations determined for control purposes 
and on the first postoperative day on two adjacent drains 
placed during laparotomy showed variations ranging from 
100 to 150%, depending on the enzyme concerned; (c) to 
minimize discomfort, patient position was not changed 
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as often as would have been advisable for ensuring better 
serum mix and more uniform concentrations—this is an 
additional source of potential error. 

For these reasons, moderate peritoneal enzyme levels 
may well be lower than actual values and should, there- 
fore, be interpreted with some caution, particularly in the 
case of attacks of AP that appear rather severe in the light 
of the relevant CT results. However, the existence of high 
peritoneal enzyme concentrations cannot be questioned, 
inasmuch as it cannot be explained by a technical artifact. 
Consequently, ES values of 2 appear more reliable than 
Oor | values. 

The decision to use two enzymes instead of only one 
in the determination of a patient’s ES was based on the 
poor results obtained using either amylase alone ( mortality 
26% if s < p, with p < 0.05) or lipase alone (mortality 
23% with p < 0.1) (Fig. 2). 

The prognostic value of the enzymatic score ES can 
further be underlined as follows. There exists, on the one 
hand, an excellent correlation with Ranson’s score: the 
latter has a mean value of 1.74 for the ES 0 and 1 groups 
together, and a mean value of 4.43 for the ES 2 group, 
with p < 0.001 (Fig. 3). On the other hand, EPS dem- 
onstrated by CT scan were predominant among patients 
showing a peritoneal hyperconcentration: 74% of the pa- 
tients with an ES of 2 had one or more EPS, in contrast 
to 36% of the patients having an ES of 0 or 1 (with p 
< 0.01) (Fig. 5). 

In conclusion, comparative serum and peritoneal am- 
ylase and lipase levels appear to be reliable and simple 
indicators in the early prognosis of AP. As a practical 
consequence, AP patients with the highest ES should, in 
our opinion, benefit from more aggressive forms of treat- 
ment, including more abundant and prolonged peritoneal 
lavage than is usually recommended, before resorting, if 
necessary, to additional, purely surgical techniques. On 
the other hand, therapeutic dialysis, which remains a 
costly and exacting measure,” does not appear suitable 
for patients who have a peritoneal enzyme hypoconcen- 
tration, i.e., an ES of 0 or 1. 
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Preoperative biochemical liver function tests and computerized 
axial tomographic (CAT) scans were performed on 100 patients 
as part of a prospective randomized study of treatments for liver 
metastases from colorectal cancer. The CAT scans reliably re- 
flected the presence of disease in most patients but only accurately 
demonstrated the number and location of metastases in 43% of 


. the patients. Extrahepatic metastases were present in 35 patients 


< 


but were only seen on the CAT scans in three of these patients. 
The biochemical tests, which were useful for detecting hepatic 
metastases, were alkaline phosphatase (AP), lactic dehydroge- 
nase (LDH), and carcinoembryonic antigen (CEA). When hepatic 
disease was minimal, these tests were less likely to be elevated 
than when there was extensive disease. Even with the combi- 
nation of late generation CAT scans and biochemical tests, the 
accurate quantification and location of hepatic metastases and 
extrahepatic disease require a surgical assessment. 


IVER METASTASES represent the primary cause of 
treatment failure in patients with colorectal can- 
cer, and conventional chemotherapy has failed to 

induce prolonged remissions or increased survival in these 
patients. The introduction ofan implantable pump system 
that provides continuous hepatic artery infusion of che- 
motherapy to the liver may offer new hope for effective 
treatment of hepatic metastases. Our current experience 
with a prospective randomized trial has suggested that 
patients with metastases limited to the liver treated with 
continuous hepatic artery infusion (CHAI) alone or in 
combination with resection have increased response rates 
and lengthened survival.’ As new treatments for liver me- 
tastases become available, it is essential to stage accurately 
the number, size, and location of hepatic lesions as part 
of the objective assessment of the proposed therapy. In 
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entering patients to this study, we gained information not 
only about treating metastatic liver disease but also about 
the usefulness of CAT scans and laboratory blood tests 
for accurate assessment of the extension of metastatic liver 
disease. This report reviews the prospective results of the 
correlation of the laboratory and radiological staging with 
surgical findings in the 100 patients entered on this pro- 
tocol. 


Methods 


In February 1982, we initiated a prospective random- 
ized therapeutic trial designed for pathologically staged 


‘ patients with colorectal cancer whose only demonstrable 


site of metastasis was the liver. The study evaluated the 
effectiveness of resection of one or more hepatic metas- 
tases in combination with long term intermittent contin- 
uous hepatic artery infusion (CHAD of FUDR with an 
implantable pump. All patients had a CAT scan of their 
liver and abdomen, and preoperative blood tests that in- 
cluded alkaline phosphatase, bilirubin, serum glutamic 
oxalacetic transaminase (SGOT), serum glutamic pyruvic 
transaminase (SGPT), lactic dehydrogenase (LDH), pro- 
thrombin time, and carcinoembryonic antigen (CEA). 
All CAT scans were obtained on a Picker Synerview _ 


- 1200 SX/T 3:40 sec (or similar late generation) scanner 


(Picker International, Inc., Highland Heights, OH) fol- 
lowing oral contrast at 2.0 cm intervals through the liver. 
Repeat scans were then obtained at 1.5 cm intervals from 
the diaphragms to the floor of the pelvis following a 50 
ml bolus of intravenous contrast (iothalamate meglumine 
60%) and during the rapid drip infusion of an additional 
100 ml of intravenous contrast. All patients considered 
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TABLE 1. Identification of Discrete Metastases by CAT Scan 





60 Cases 





26 (43%) correct as to number and location 
24 (40%) fewer lesions on CAT than at laparotomy 
8 (13%) more lesions on CAT than at laparotomy 
2 (3%) lesions identified in sites different from those at laparotomy 





to have metastases limited to the liver underwent an ex- 
ploratory laparotomy through a midline incision. At the 
time of exploration, the liver was carefully palpated bi- 
manually, and the number, size, and distribution of me- 
tastases were recorded. The abdomen was explored to de- 
termine the presence of extrahepatic metastases in the 
portal, celiac, or mesenteric lymph nodes as well as the 
presence of peritoneal implants and recurrence at the pri- 
mary site. 

Written informed consent was obtained from all pa- 
tients. The study was approved by the Institutional Review 
Board at the City of Hope. 


Results 
Computerized Axial Tomography (CAT) Scans 


One hundred patients were entered onto the study be- 
tween 1982 and 1985. At laparotomy, 99 patients were 
found to have liver metastases while one patient had mul- 
tiple benign cysts. The extent of liver metastases correlated 
favorably with the interpretation of the CAT scans when 
there was extensive disease. Thirty-nine patients (39%) 
were found at laparotomy to have more than 80% of their 
liver parenchyma infiltrated with tumor. In thirty-eight 
of these patients, the preoperative CAT scan reported ac- 
curately the extent of metastatic disease, while in one pa- 
tient the CAT scan erroneously revealed only one of his 
more than 15 lesions. The remaining 60 patients were 
found to have well defined discrete lesions at laparotomy. 
In 26 of these patients, the CAT scan accurately identified 
the location and number of metastases. In 24 patients, 
the CAT scan showed a lower number of lesions than 
were found at laparotomy, and in eight patients there were 
more lesions on CAT scan than were actually found at 
laparotomy. In an additional two patients the number of 
lesions were correct but the lesions were identified in the 
opposite lobe on CAT scan to the lesions identified at 
surgery (see Table 1). 


TABLE 2. Extrahepatic Intra-abdominal Metastases (35 Patients) 








Number 
Location of Patients 
Portal lymph nodes 14 
Peritoneal seeding 9 
Positive celiac nodes g 
Retroperitoneal nodes 3 
1 


Omental nodules 
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Fic. 1. The median levels of alkaline phosphatase, CEA, and LDH in 
the three groups of study patients. 


In the diagnosis of extrahepatic intra-abdominal me- 
tastases, the CAT scan was less sensitive. Intra-abdominal 
extrahepatic metastases were found at operation in 35 
patients (14 in portal nodes, 21 in other abdominal sites) 
(Table 2). Patients found to have extrahepatic disease 
other than positive portal nodes were placed in the “off 
study” category. None of the 14 patients with positive 
portal nodes had this finding noted on the CAT scan. 
Three of the 21 remaining patients with extrahepatic dis- 
ease had CAT scans suggestive of the metastases (2 with 
retroperitoneal disease, | celiac nodes). The remaining 18 
patients with extrahepatic metastases in celiac nodes, 
omentum, peritoneal wall, and para-aortic nodes had 
negative scans. Thus, in 68 out of the 100 cases, the CAT 
scan reflected accurately the presence or absence of disease 
outside of the liver. 


Biochemical Liver Function Tests 


SGOT, SGPT, bili, and prothrombin time were not 
diagnostic of liver metastases with elevated values in less 
than 10% of the patients. However, we could establish a 
correlation between the extent of liver metastases and the 
levels of AP, LDH, and CEA (Fig. 1). In the 30 patients 
with resectable metastases, 12 (40%) had elevated AP levels 
(nl 95-110 IU/L), with a range of 51 to 558 IU/L and a 
median of 103, which is within normal limits. Nine pa- 
tients (30%) had an elevated LDH level (nl 100-222 IU/ 
L), with a range of 130 to 1252 IU/L and a median of 
208. Twenty-two patients (73%) had an elevated CEA (nl 
< 2.5 ng/ml), range of 0.5 to 3578 ng/ml and a median 
of 56.2. Six of these patients (20%) had no elevations in 
any of these three laboratory tests, yet five had multiple 
liver metastases at laparotomy and one had a solitary me- 
tastasis. Of the 45 patients who were considered unre- 
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TABLE 3. Preoperative levels of AP, LDH, and CEA in 100 Patients 
with Hepatic Metastases from Colorectal Cancer 


Median Values of Biochemical Tests 
(Normal Values) 








CEA LDH AP 
Patient (<2.5 (108-222 (45-116 
Groups (N) ng/ml) IU/D TU/D) 
All patients 
(100) 101 300 144 
Resectable 
patients (30) 56 208 102 
Unresectable 
patients (45) 209 403 185 
Off-study 
patients (25) §2 326 158 








sectable because of extensive liver metastases, 33 (73%) 
had elevated AP levels with a range of 65 to 1242 IU/L 
and a median of 185. Thirty-five patients (78%) had an 
elevated LDH level with a range of 130 to 1252 IU/L and 
median of 403. Forty-two patients (93%) had an elevated 
CEA, range of 1 to 23,800 ng/ml and a median of 209. 
All patients in this group had at least one of these three 
tests abnormally elevated prior to laparotomy. For those 
25 patients in the “off” protocol group, that is, those pa- 
tients with extrahepatic metastases as well as the liver in- 
volvement, 18 had elevated AP, 17 had an elevated LDH, 
and 22 had an elevated CEA. Only one patient in this 
group had all three values within normal limits (Table 3). 


Discussion 


As the number of investigational studies for treatments 
of liver metastases from colorectal primaries increase, it 
becomes more essential to be able to accurately locate 
and identify lesions and follow them for responses. There 

_have been numerous studies on the accuracy of comput- 
erized tomography for the diagnosis of hepatic neoplasms. 
The CAT scan has been reported to have an accuracy of 
80% or above for identifying metastatic lesions.” How- 
ever, when the findings of CAT scans are compared to 
findings at surgery as done by both Sugarbaker’ and 
Smith,’ then the accuracy of the CAT scan for detecting 
individual lesions drops dramatically. In the present study, 
the CAT scan is useful as a screening tool for detecting 
the presence of hepatic lesions but not very accurate on 
a lesion-by-lesion analysis. Our results show that for dis- 
crete lesions only 43% of the CAT scans accurately defined 
the location and number of lesions. These results support 
the conclusions by Sugarbaker and others that new meth- 
ods of diagnosis are necessary for increased accuracy to 
detect smaller liver lesions. Also, other reports of the high 
sensitivity of CAT scans* must be analyzed as to the 
methods of final evaluation of the metastases. Our ex- 
perience has shown that operative expicration with bi- 
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Fic. 2. Variable appearance of hepatic metastases demonstrated in three 
scans obtained at the same level using different scanning methods. Top. 
A large hepatiz lesion (large arrow) is seen on this precontrast injection 
scan, while smaller lesions (small arrows) are seen with difficulty. Middle. 
Improved visibility of the large hepatic lesion (large arrow) and two smaller 
lesions (small arrows) is seen when a scan is obtained 1-4 minutes after 
start of I.V. contrast bolus during the phase of optimal liver-to-lesion 
contrast differentiation. Bottom. Much of the large lesion (large arrow) 
has become isodense with surrounding hepatic parenchyma, and smaller 
lesions (small arrows) are again more difficult to see on scan delayed 10 
minutes after start of L.V. contrast injection. 
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manual palpation of the liver has allowed for accurate 
definition of the number and location of metastases, as 
shown by the fact that for those patients with resection 
of metastatic disease (18 patients) all had a drop of their 
CEA values to normal and had no evidence of disease on 
subsequent CAT scans or liver scans. Most studies cor- 
relating operative findings with the diagnostic tests on the 
extent of liver involvement? demonstrated the limited 
sensitivity of the noninvasive tests, while the reports based 
on clinical correlation only and not including laparotomy 
gave CAT scans a higher sensitivity. We have found that 
focal hepatic lesion detection by CAT can be improved 
by employing a rapid postcontrast sequential scanning 
technique.'° This technique takes advantage of the phase 
of optimal liver-to-lesion contrast enhancement that oc- 
curs shortly following the start of a high dose intravenous 
contrast injection.!° We have employed a mechanical flow 
rate injector (Medrad, Pittsburgh, PA) for improved and 
more reproducible intravenous contrast delivery,!' and 
have found our initial experience promising (Fig. 2). 

For detection of metastatic abdominal disease outside 
the liver, the CAT scan is the most useful diagnostic tool 
available at this time. However, the smaller deposits of 
metastases such as peritoneal studding, positive portal 
nodes, or positive celiac nodes cannot be picked up with 
this method. For increased accuracy, new methodology 
such as nuclear magnetic resonance or CEA-labeled scans 
may prove of value. 

The use of biochemical tests to detect liver metastases 
remains the standard for screening patients with the po- 
tential for metastatic disease. For patients with colorectal 
cancer, an elevation of CEA is the most reliable indicator 
of the presence of disease. CEA levels of greater than 5 
ng/ml have been reported in 81%’ and 86%° of patients 
with metastatic colorectal cancer. However, it must be 
kept in mind that there are patients who have colorectal 
metastases to the liver who have normal CEA values as 
seen in 13 patients in the present study. In patients with 
hepatic metastases from colorectal primaries, AP, LDH, 
and CEA were the most useful biochemical laboratory 
tests to indicate the presence of disease in this report. Also, 
the amount of hepatic involvement was reflected in the 
degree of elevation of these tests. Most prospective studies 
on biochemical laboratory tests agree with our findings 
that AP, LDH, and CEA tend to be more accurate in 
detecting liver metastases than other assays.’ This study 
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confirms the fact that for smaller-metastatic deposits in 
the liver, the biochemical values may be entirely normal 
thus, these cannot be used as totally reliable screenin; 
tests for metastatic liver cancer. If the AP, LDH, and CEZ 
are all significantly elevated, the probability is high of ther 
being extensive liver disease. In our study, 98% of th 
liver metastases over 3 cm were detected by the combi 
nation of CAT scan and the biochemical laboratory tests 
However, the delineation of the amount of disease or thi 
presence of extrahepatic disease, especially in the porta 
area, is not accurate with the methods presently available 
In our study, the patients with extrahepatic disease o) 
positive portal lymph nodes had a significantly poore 
clinical course! and their preoperative evaluation was only 
correct in 68% of the cases. Thus, there is a necessity foi 
proper surgical staging over and above the noninvasive 
studies now available when clinical studies are designec 
to evaluate the efficacy of new forms of treatment fo! 
hepatic metastases. 
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MAINTAINS ACID CONTROL FOR 


AT LEAST ó HOURS* 


Zantac Injection 50 mg main- 


tains a high pH and low volume 


of gastric acid secretion for 
at least 6 hours. In 8 nor- 
mal volunteers given 60 mg 
ranitidine intravenously, 
betazole-stimulated gastric 
secretion was inhibited up to 
99%.2 (The usual dosage is 50 
mg IV qé-8h.) 


*It is not known exactly how 
much inhibition of gastric 
acid secretion is required to 
heal ulcers. 





ZANTAC INJECTION FROVIDES RAFID 


AND LONG-TERM DECREASE IN 
ACID VOLUME AND INCREASE IN pH 


Ranitidine 
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Effect of ranitidine 50 mg IV 
on the pH and volume of gastric 
aspirate in 12 healthy | 
volunteers during a 6-h test 
period (mean values + SEM)! 
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INCREASES GASTRIC pH 
WITHIN 45 MINUTES 


The gastric aspirate reached a pH of more 
than "5" in 12 normal volunteers only 

45 minutes after 50 mg ranitidine IV was 

administered.! 


DOSAGE: 50 MG(2 ML) qó TO 8 HOURS 


EASY TO ADMINISTER: 


INTRAMUSCULAR INJECTION: 50 mg (2 ml) q6 
to 8 hours (no dilution necessary) 


INTRAVENOUS INJECTION: 50 mg (2 ml) qó 
to 8 hours, in a compatible IV solution to 
a total volume of 20 ml 


INTERMITTENT INTRAVENOUS INFUSION: 
50 mg (2 ml) qé to 8 hours in 100 mł of 
compatible IV solution 


Please see next page for IV solution 
compatibility data. 


GI. / uce See next page for references and a 
Axo fe brief summary of product information. 
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ZANTAC" INJECTION (ranitidine hydrochloride) 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: ZANTAC® Injection is indicated 

In some hospitalized patients with pathological hypersecretory conditions or intractable 
duodenal ulcers, or as an alternative to the oral dosage form for short-term use in patients 
who are unable to take oral medication. 

CONTRAINDICATIONS: ZANTAC® is contraindicated for patients known to have hyper- 
sensitivity to the drug. 

PRECAUTIONS: General: 

1. Symptomatic response to ZANTAC® therapy does not preclude the presence of gastric 
malignancy. 

2. Since ZANTAC is excreted primarily by the kidney, dosage should be adjusted in 
patients with impaired renal function (see DOSAGE AND ADMINISTRATION). Caution 
should be observed in patients with hepatic dysfunction since ZANTAC is metabolized in 
the liver. 

3. In controlled studies in normal volunteers, elevations in SGPT have been observed 
when H3 antagonists have been administered intravenously at greater than recommended 
doses for 5 days or longer. Therefore, it seems prudent in patients receiving IV ranitidine 
at doses greater than or equal to 100 mg qid for periods of 5 days or longer, to monitor 
SGPT daily (from day 5) for the remainder of IV therapy. 

Laboratory Tests: False positive tests for urine protein with Multistix® may occur during 
ZANTAC therapy, and therefore testing with sulfosalicylic acid is recommended. 

Drug Interactions: Although ZANTAC has been reported to bind weakly to cytochrome P. 
450 in vitro, recommended doses of the drug do not inhibit the action of the cytochrome 
P-450-linked oxygenase enzymes in the liver. However, there have been isolated reports 
of drug interactions which suggest that ZANTAC may affect the bioavailability of certain 
drugs by some mechanism as yet unidentified (eg, a pH-dependent effect on absorption 
or a change in volume of distribution). 

Carcinogenesis, Mutagenesis, Impairment of Fertility: There is no indication of tumori- 
genic or carcinogenic effects in lifespan studies in mice and rats at oral doses up to 2000 
mg/kg/day. 

Ranitidine was not mutagenic in standard bacterial tests (Salmonella, E coli) for 
mutagenicity at concentrations up to the maximum recommended for these assays. 

In a dominant lethal assay a single oral dose of 1000 mg/kg to male rats was without 
effect on the outcome of 2 matings per week for the next 9 weeks. 

Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed 
in rats and rabbits at oral doses up to 160 times the human oral dose and have revealed 
no evidence of impaired fertility or harm to the fetus due to ZANTAC. There are, however, 
no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers: ZANTAC is secreted in human milk. Caution should be exercised when 
ZANTAC is administered to a nursing mother. 

Pediatric Use: Safety and effectiveness in children have not been established. 

Use in Elderly Patients: Ulcer healing rates in elderly patients (65-82 years) treated with 
oral ZANTAC were no different from those in younger age groups. The incidence rates for 
adverse events and laboratory abnormalities were also not different from those seen in 
other age groups. 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injections has been 
reported. Transient local burning or itching has been reported with intravenous adminis- 
tration of ZANTAC®. 

The following have been reported as events in clinical trials or in the routine manage- 
ment of patients treated with oral ZANTAC. The relationship to ZANTAC therapy has been 
unclear in many cases. Headache, sometimes severe, seems to be related to ZANTAC 
administration. 

Central Nervous System: Rarely, malaise, dizziness, somnolence, insomnia and vertigo 
Rare cases of reversible mental confusion, agitation, depression and hallucinations have 
been reported, predominantly in severely ill elderly patients. 


Cardiovascular: Rare reports of tachycardia, bradycardia, premature ventricular beats 
Gastrointestinal: Constipation, diarrhea, nausea/vomiting, abdominal discomfort/pain. 
Hepatic: In normal volunteers, SGPT values were increased to at least twice the pre- 
treatment levels in 6 of 12 subjects receiving 100 mg qid IV for 7 days, and in 4 of 24 
subjects receiving 50 mg qid for 5 days. With oral administration there have been 
occasional reports of reversible hepatitis, hepatocellular or hepatocanalicular or mixed, 
with or without jaundice. 

Musculoskeletal: Rare reports of arthralgias 

Hematologic: Rare reports of reversible leukopenia, granulocytopenia, thrombocytopenia 
and pancytopenia. 

Endocrine: Controlled studies in animals and man have shown no stimulation of any 
pituitary hormone by ZANTAC (ranitidine hydrochloride), no anti- androgenic activity, and 
cimetidine-induced gynecomastia and impotence in hypersecretory patients have 
resolved when ZANTAC was substituted. However, occasional cases of gynecomastia, 
impotence anc loss of libido have been reported in male patients receiving ZANTAC, but 
the incidence did not differ from that in the general population 

Integumental: Rash and, rarely, alopecia. 

Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosino- 
philia), small increases in serum creatinine. 

OVERDOSAGE: There is no experience to date with deliberate overdosage. Clinical moni- 
toring and supportive therapy should be employed 

Studies in dogs receiving doses of ZANTAC® in excess of 225 mg/kg/day have shown 

muscular tremors, vomiting, and rapid respiration. Single oral doses of 1000 me/kg in 
mice and rats were not lethal. Intravenous LDso values in rat and mouse were 83 me/ke 
and 77 mg/kg, respectively. 
DOSAGE AND ADMINISTRATION: Parenteral Administration: In some hospitalized 
patients with pathological hypersecretory conditions or intractable duodenal ulcers, or in 
patients who are unable to take oral medication, ZANTAC™ may be administered paren- 
terally according to the following recommendations: 

Intramuscular Injection: 50 mg (2 mi) every 6-8 hours. (No dilution necessary.) 

Intravenous Injection: 50 mg (2 ml) every 6-8 hours. Dilute ZANTAC Injection, 50 mg, 
in 0.9% Sodium Chloride Injection or other compatible IV solution (see Stability of 
ZANTAC Injection) to a total volume of 20 ml and inject over a period of not less than 5 
minutes. 

Intermittent Intravenous Infusion: 50 mg (2 ml) every 6-8 hours. Dilute ZANTAC 
Injection, 50 mg, in 100 ml of 5% Dextrose Injection or other compatible IV solution (see 
Stability of ZANTAC Injection) and infuse over 15-20 minutes. In some patients it may 
be necessary to increase dosage. When this is necessary, the increases should be made 
by more frequent administration of a 50 mg dose, but generally should not exceed 400 
mg per day. 

Dosage Adjustment for Patients with Impaired Renal Function: On the basis of experience 
with a group of subjects with severely impaired renal function treated with ZANTAC, the 
recommended dose in patients with a creatinine clearance less than 50 ml/min is 50 mg 
every 18-24 hours. Should the patient's condition require, the frequency of dosing may 
be increased to every 12 hours or even further with caution. Hemodialysis reduces the 
level of circulating ranitidine. Ideally, the dosage schedule should be adjusted so that the 
timing of a scheduled dose coincides with the end of hemodialysis. 
Stability of ZANTAC Injection: ZANTAC Injection is stable for 48 hours at room tempera- 
ture when added to or diluted with most commonly used intravenous solutions, eg, 0.9% 
Sodium Chloride Injection, 5% Dextrose Injection, 10% Dextrose Injection, Lactated 
Ringer's Solution, or 5% Sodium Bicarbonate Injection. 
Note: Parenteral drug products should be inspected visually for particulate matter and 
discoloration prior to administration wherever solution and container permit. 
HOW SUPPLIED: ZANTAC® Injection, 25 mg/ml, is available in 2 ml single dose vials in 
boxes of 10 (NDC 0173-0362-38) and in 10 mI multi-dose vials (NDC 0173-0363-39). 
Store below 30°C (86°F). Protect from light. 
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Shrinkage of the Esophagus after Resection for 


Carcinoma 
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The purpose of this study was to document and quantitate the 
degree of shrinkage of resection margins of the esophagus fol- 
lowing extirpation for carcinoma. Measurements were made at 
operation before the esophagus was removed (in-situ), when the 
removed specimen had been stretched maximally (stretched), 
with the specimen lying free (contracted), and after fixation 
(fixed). After resection, there was substantial shrinkage of the 
margins, and the upper margins underwent a greater degree of 
shrinkage than the lower margins, with the tumor changing little 
in length. In the contracted state before fixation, the upper and 
lower margins were reduced to 44% and 54% of their in-situ 
lengths, respectively; after fixation, they were 32% and 39%, 
respectively. Even after maximal stretching, only 73% of the 
upper and 89% of the lower in-situ resection margins were re- 
stored. The overall shrinkage for the whole specimen after fix- 
ation was 50%. It is concluded that there is considerable shrink- 
age of the resection margins in the esophagus from the time of 
operation to fixation, and this accounts for the discrepancy 
claimed by surgeons and pathologists regarding the length of 
the margins. This finding has relevance in the extrapolation of 
surgical resection margins from pathological specimens. 


HE ESOPHAGUS, in common with the rest of the 
gastrointestinal tract, undergoes considerable 
shrinkage after resection and more so after fixa- 

tion. Even by stretching the fresh specimen, the original 
in-situ length cannot be restored. This has practical im- 
plications in the assessment of the extent of resection 
margins when the operation has been performed for ma- 
lignancy. Invariably, the in-situ margin, as estimated by 
the surgeon, is greater than the specimen margin, as mea- 
sured by the pathologist. In contrast to the resection mar- 
gins, the tumor itself shows little shrinkage. The exact 
extent of shrinkage of the apparently normal esophagus 
adjoining the tumor has not been previously documented. 

The purpose of this study is to quantitate the shrinkage 
of the various parts of the esophagus after a transthoracic 
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resection has been performed for carcinoma. By taking 
intraoperative in-situ measurements and then comparing 
these with the freshly resected and the fixed specimen 
measurements, the amount of shrinkage in the resection 
margins and tumor-bearing segment of the esophagus was 
calculated. 


Methods 


Patients with resectable carcinoma of the thoracic 
esophagus treated in the Department of Surgery, Univer- 
sity of Hong Kong at the Queen Mary Hospital, under- 
went a Lewis-Tanner operation, using an abdominal and 
right thoracotomy approach.'* With the patient in the 
supine position, the stomach was prepared through an 
upper midline abdominal incision. The patient was then 
turned and the right chest opened in the fifth intercostal 
space and the whole esophagus mobilized. 

Measurements were then taken. Because of the cur- 
vature of the in-situ esophagus and the limited space in 
the thoracic cavity, a sterile tape was used and the various 
lengths marked on it for measurement against a ruler. 
The upper level of esophageal resection was decided on 
and a Satinsky clamp applied. The tape was then placed 
along the esophagus from the clamp to the upper border 
of the tumor. The upper and lower borders of the tumor 
were determined by palpation and marked on the tape 
with artery forceps. The lower resection margin was sim- 
ilarly marked out, and the tape with the attached forceps 
measured against a ruler. The esophagus was then re- 
moved and reconstruction accomplished by performing 
an esophagogastric anastomosis in the apex of the right 
pleural cavity. 

The contracted fresh specimen was opened along the 
border in such a way as to avoid, if possible, cutting 
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TABLE 1. Lengths of Upper and Lower Margins, Tumor, and Whole 
Specimen fin cm) of the In-situ, Stretched, Contracted, 
and Fixed Specimen 








Upper Lower Whole 
(N) Margin Tumor Margin Specimen 
In-situ 55 8843.5 63425 8143.2 23.242.5 
Stretched 43 64439 64424 71438 199428 
Contracted 55 38+1.8 5641.9 43418 13.7423 
Fixed 12 29414 5542.7 35414 IL8+19 





through the tumor and laid out flat. As there was greater 
shrinkage of the mucosa over the muscularis propria at 
the cut edges, the ends of the mucosa were taken as the 
reference points for measurement. The tumor length in- 
cluded the visible and palpable tumor in the opened spec- 
imen. Thus, if there was intramural spread, the palpable 
edge beyond the visible tumor was taken as the tumor 
margin. In this way, as close a correspondence as possible 
between the palpable external in-situ length and internal 
contracted length might be obtained. The length of the 
whole resected esophagus and the length of the three seg- 
ments, i.e., from upper resected edge to upper border of 
tumor, the tumor-bearing segment, and from the lower 
border of the tumor to the lower resected edge, were mea- 
sured. There were 55 sets of such measurements. 

In 43 of the 55 fresh specimens, the esophagus was 
stretched maximally and held by pins on a cork board. 
Measurements of the three parts and the whole length 
were taken. 

In 12 of the 55 fresh specimens, after various mea- 
surements were taken in the fresh state, they were fixed 
in 10% buffered formal saline and similar measurements 
taken after complete fixation, at least 48 hours later. The 
reason for not immediately fixing all specimens was that 
special pathological studies were being conducted. 

Using the in-situ measurements as reference, the pro- 
portion of shrinkage for each specimen for the three parts 
and for the whole specimen in the other states were cal- 
culated. The means and standard deviations of the pro- 
portion of shrinkage for each group was derived from the 
proportions for individual specimens and not from the 
means of the absolute measurements. 


TABLE 2. Proportion of Shrinkage of the Stretched, Contracted, and 
Fixed Specimen for the Upper and Lower Margins, Tumor, and 
Whole Specimen, Compared with the In-situ Length 





Upper Lower Whole 
(N) margin Tumor Margin Specimen 
In-situ 55 i i i i 


Stretched 43 0.73 40.16 1.04 +0.14 0.89 +0.24 0.86 + 0.07 
Contracted 55 04440.10 0.92 +0.15 0.54+0.18 0.60 + 0.08 
Fixed 12 0.32+0.12 0.90 +0.10 0.39 +0.08 0.50 + 0.07 
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Results 


The means and standard deviations of the absolute 
measurements of the upper and lower margins, tumor 
length, and the whole length of the esophagus for the four 
states of the specimen, i.e., in-situ, stretched, contracted, 
and fixed, are shown in Table 1, and their respective pro- 
portions of shrinkage shown in Table 2. There was, as 
expected from the method of calculation employed, a close 
correspondence between the two sets of figures in Tables 
1 and 2, and smaller standard deviations for the propor- 
tions. 

The appearances of one specimen in the stretched, 
contracted, and fixed states are shown in Figure 1, with 
the in-situ state, as measured at operation, drawn in for 
comparison. 

There was a relatively greater degree of shrinkage of 
the upper margin as compared with the lower one. Thus, 
although the in-situ lengths were longer for the upper 
margin than the lower margin, the stretched, contracted, 
and fixed specimens were shorter than the corresponding 
figures for the lower margins (Table 1). This difference is 
more clearly represented in Table 2 where the proportion 
of shrinkage in the upper margin is greater in all three 
states compared with the lower margin. 

The whole in-situ length of the resected esophagus of 
23.2 cm represents a near-total removal of the estimated 
25 cm of the entire esophagus. The average length of tu- 
mor was 6.3 cm and the average resection margins were 
over 8 cm at both ends. The standard deviations for the 
resection margins were wide because the individual mar- 
gins depended on the exact size and location of the tumor, 
which may be from the upper, middle, or lower thirds. 
Similarly, the standard deviation for the tumor length 
represented the variation of the size of tumor resected. In 
contrast, because the operation is standardized to remove 
the whole thoracic esophagus, the standard deviation for 
the whole esophageal length removed was small. 

When the resected specimen was opened and laid free, 
there was a shrinkage of the upper and lower margins to 
44% and 54%, respectively, of the in-situ lengths, with a 
slight shrinkage of the tumor by 8%. Stretching the re- 
sected specimen maximally did not result in restoration 
of the in-situ length, and there was a shortfall of 27% and 
11%, respectively, for the upper and lower margins. Neg- 
ligible change occurred in the tumor lengths. 

Maximal shrinkage occurred after fixation. The upper 
and lower margins were reduced to 32% and 39% of their 
in-situ lengths, respectively, after fixation. The tumor 
shrinkage after fixation was only by 10%. 

From the contracted to the fixed state, there was a fur- 
ther shrinkage of 12% and 15%, respectively, for the upper 
and lower margins, with virtually no change for the tumor. 

Overall, the in-situ esophagus was reduced to half its 
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length when fixed, with the shrinkage occurring almost 
entirely in the margins. 


Discussion 


It is well known that the free margins of resected spec- 
imens of the gastrointestinal tract shrink immediately and 
substantially when removed from their in-vivo environ- 
ment in the patient, and that further shrinkage occurs 
when the specimen is fixed in preservative solutions. Thus, 
pathologists invariably report on resection margins much 
shorter than what surgeons know to be the case at oper- 
ation. In the light of our present study, both the pathologist 
and the surgeon are justified in their differing claims, and 
we have documented the extent of this discrepancy quan- 
titatively. 

The adequacy of resection margin is of particular im- 
portance in extirpation for carcinoma of the esophagus 
because of the apparent propensity of intramural spread, 
especially proximally. For this reason, long resection 
margins are recommended, and in practice this necessi- 
tates a near-total esophagectomy. 

The extent of direct longitudinal invasion in carcinoma 
of esophagus is often found beyond the limits defined by 
inspection or palpation. Burgess and his associates? found 
intramural spread up to 4 cm beyond the gross extent of 
the carcinoma in fixed specimens and emphasized the 
shrinkage of resected specimens. Liu and his associates 
found tumor at the cut margin in 11 of 79 specimens,* 
and Scanlon and coworkers’ advocated against segmental 
resection for esophageal carcinoma because at least 36 of 
79 patients in their study had tumor at the edge of the 
resected specimen. As the results in these studies were 
obtained from fixed specimens, it was not possible to ex- 
trapolate what the corresponding in-situ lengths would 
have been and thus assist the surgeon to decide on an 
adequate resection margin at operation. By applying the 
shrinkage factor for fixed specimens in our study to Bur- 
gess’ study, a 4 cm spread in a fixed specimen would rep- 
resent 12.5 cm (4/0.32) in the in-situ state. 

The reason for the more extensive shrinkage in the up- 
per margin than the lower margin may be the hypertrophy 
of the esophageal wall in response to tumor obstruction. 
The thickened proximal esophagus could be expected to 
contract more forcefully after resection and conversely 
could not be stretched out as easily as the more normal 
distal esophagus. Another possible explanation is that the 
upper esophagus contains some striated muscle fibers that 
may be more resistant to stretching than the lower esoph- 
agus whose muscularis propria are composed entirely of 
smooth muscles. 

Our results showed that the upper and lower resection 
margins shrink to 32% and 39%, respectively, after fixation 
in formalin. Thus, only about one-third of the operative 
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Fic. 1. Appearance of a resected specimen in the stretched (S), contracted 
(C). and fixed (F) states. The in-situ (1) appearance is reproduced by 
drawing for comparison. The upper margin is on the left. 


resection margin remains when the pathologist studies 
the specimen. In contrast, there is very little shrinkage of 
the tumor itself (10%) when fixed. This indicates that the 
tumor has replaced the full esophageal musculature, which 
is the case in virtually all the tumors in our series. The 
small amount of shrinkage in the tumor may be a direct 
effect of the fixative or due to contraction of residual mus- 
cle fibers intermingled with tumor tissue in the outer 
muscularis propria. 

The overall reduction in length from the whole in-situ 
specimen to the fixed specimen is 50%. The exact shrink- 
age in each specimen would depend on the size of the 
tumor, which then determines the relative proportion of 
the normal margins to the tumor; the longer the tumor, 
the less the overall reduction in length. 

Even when the resected unfixed specimen is stretched 
to its maximal extent, it is possible to restore it only to 
86% of its in-situ length. This would indicate that some 
irreversible changes in muscle fibers had already taken 
place immediately on removal of the specimen from the 
patient. 
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The method we employed to measure the in-situ lengths 
by a tape laid alongside the esophagus had the advantage 
of providing a good correspondence to the curvature of 
the esophagus as it lies in the posterior mediastinum. 
However, there was a potential source of error in using 
this method to measure the tumor length and therefore 
also the free margins. The measurements depended on 
palpation of the tumor edges from outside. In most in- 
stances, the elevated borders of the tumor could be easily 
felt, and there was good correlation between the palpable 
tumor size and the intraluminal size. When there was 
diffuse intramural infiltration or when involved lymph 
nodes had fused with the primary tumor, the exact extent 
of the tumor was more difficult to define and palpation 
could overestimate the visible and palpable length of the 
tumor as determined by the mucosal aspect. This may 
account for an apparent shrinkage of the tumor in some 


cases after resection. Inaccuracies might also have oc- 


curred in the opposite direction if the tumor had pedun- 
culated features; in this situation, the tumor length might 
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be underestimated, as the tumor could be pushed in the 
opposite direction when the tumor edge was being pal- 
pated. 

Our present data, and the results of pathological studies 
on the extent of intramural spread and multiplicity of 
tumor, could offer some rationale in deciding on what 
constitutes adequate resection margins for carcinoma of 
the esophagus. 
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Endomyocardial Biopsy in the Cardiac Allograft 


Recipient 
-A Review of 570 Biopsies 





RICHARD K. SIBLEY, M.D. 
i W. STEVES RING, M.D. 


The morphologic abnormalities present in 570 endomyocardial 
biopsies from 39 cardiac allograft rectpients and 16 autopsy 
hearts are described, and criteria pertinent to the diagnosis of 
rejection discussed. Entirely normal myocardium was apparent 
in 16% of the biopsies. Abnormalities related to biopsy of pre- 
vious biopsy site occurred in 69%, and mononuclear infiltrates 


“of varying intensity were present in 64% of the biopsies. Acute 


rejection was diagnosed in 17 (43.6%) patients in 32 (5.6%) of 
the biopsies and five hearts at autopsy. Seven of the biopsies 
with acute rejection were follow-up biopsies after a previous di- 


agnosis of acute rejection and represented ongoing acute rejection. ` 


Similarly, three patients with rejection at autopsy died with on- 
going rejection. The overall frequency of acute rejection was thus 
0.70 episodes per patient. The most reliable histologic feature 
in the diagnosis of acute rejection in cyclosporine immunosup- 
pressed recipients was a diffuse mononuclear infiltrate, apparent 
at low magnification. Myocyte necrosis, said to be critical in the 
diagnosis of rejection in cyclosporine-treated patients, was not 
a reliable indicator in the authors’ experience. 


echocardiographic changes suggestive of allograft 


A LTHOUGH THERE ARE electrocardiographic and 


a 


rejection, endomyocardial biopsy remains the 
gold standard in the diagnosis of cardiac rejection. Bil- 
lingham and her colleagues at Stanford University have 
extensively reported the role of the endomyocardial biopsy 
in the management of the cardiac recipient, including 
features diagnostic of rejection and other abnormalities 
such as perimyocyte fibrosis, said to be a consistent finding 
in cyclosporine immunosuppressed recipients.’ 
In this paper, we describe the morphologic features en- 
countered in 570 endomyocardial biopsies in 39 cardiac 
allograft recipients performed between May 1978 and 
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June 1985 at the University of Minnesota Hospitals. The 
changes are correlated with pertinent clinical features. 


Materials and Methods 


Forty-five patients, ages 4 to 56 years, received cardiac 
transplants between March 1978 and June 1985. Six pa- 
tients dying in the perioperative period are not included 
in the study. The remaining 39 patients underwent from 
1-29 biopsies, for a total of 570 specimens. Patient survival 
ranges from 2 months to 7 years. Right ventricular en- 
domyocardial biopsies were performed mostly on an out- 
patient basis using the transvenous percutaneous tech- 
nique developed by Caves’ and modified by Mason.® In 
brief, under local anesthesia with 2% lidocaine, the right 
internal jugular vein is percutaneously entered. A 6-F 
sheath is inserted through which a disposable bioptome 
(Cordis 502-302, Cordis Company, Miami, FL) is intro- 
duced and directed under fluoroscopy toward the inter- 
ventricular septum and right ventricular apex. Many 
biopsies before 1983 were obtained utilizing a nondis- 
posable forceps size 7 or 8 French. No serious compli- 
cations have occurred. — 

The three to eight 1-2-mm in diameter fragments of 
tissue obtained were fixed in Zenker’s fluid for 30 minutes 
to 2 hours. Four-micrometer sections cut at different levels 
were stained with hematoxylin and eosin. 

According to our protocol, endomyocardial biopsy is 
performed at weekly intervals during the first 6 weeks to 
2 months after cardiac transplantation, at monthly inter- 
vals from the third to the sixth month and thereafter every 
3-4 months. Biopsy is performed more frequently if 
deemed necessary on the basis of clinical findings or if 
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Fic. 1. Biopsy site revealing granulation tissue and perimyocyte edema 
(H & E, x225). 


the previous biopsy has shown evidence of rejection or 
uncertain findings. The immunosuppressive regimen in 
the patients—(40 subjects) who underwent orthotopic 
cardiac transplant at the University of Minnesota after 
January 1981—included cyclosporine and prednisone 
with the addition of azathioprine in the last 17 patients. 
Five patients who were transplanted between May 1978 
and January 1981 were immunosuppressed with Min- 
nesota anti-lymphocyte globulin (ALG), azathioprine, and 
prednisone. Rejection was treated with Solu-medrol® 
bolus therapy, if diagnosed early (<4 weeks) or with in- 
creased prednisone, if diagnosed at a later time. ALG was 
occasionally necessary to control rejection. 


Results 


No Abnormality 


Entirely normal myocardium and endocardium were 
present in 93 (16%) biopsies from 30 patients. 
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Microinfarction 


Tiny foci of coagulation necrosis of myocytes in the 
first 1 to 2 weeks posttransplantation were recognized in 
20 (3.5%) biopsies from 14 patients. A few polymorpho- 
nuclear leukocytes were seen in four and pigmented mac- 
rophages in one of these biopsies. 


Biopsy Site Changes 


Biopsy site changes, characterized by an array of mor- 
phologic abnormalities that may occur singly or in any 
combination, were evident in 394 (69%) of the biopsies. 
In the recent biopsy site, these include granulation tissue 
(21 biopsies) (Fig. 1) or fresh thrombus and necrotic myo- 
cytes, a mixed mononuclear-polymorphonuclear infil- 
trate, and karyorrhectic debris in 42 biopsies. Later biopsy 
site changes consisted of variable degrees of fibrosis and 
mononuclear cell infiltrate. The fibrotic zones may be 
well defined as subendocardial scars with or without 
mononuclear cell infiltrate (108 biopsies) (Figs. 2A and 
B) or may contain an intense nodular subendocardial col- 
lection of small round lymphocytes and occasional plasma ` 
cells (Fig. 3). This change was found in 31 biopsies. Fre- 
quently this well defined biopsy site is contiguous with 
parallel rows of loosely fibrous and edematous tissue con- 
taining minimal to mild numbers of lymphocytes and 
macrophages separating the surrounding myocardium 
(231 biopsies) (Figs. 4A and B). These rows of muscle 
cells are at a right angle to the biopsy site rather than 
parallel with the endocardium as they normally are and 
thus identify the biopsy site. Hemosiderin containing 
macrophages may be evident. Some biopsy sites are con- 
tiguous with a fine perimyocytic fibrotic reaction sur- 
rounding all of the myocytes for a distance of 1 to 3 mm 
from the apparent biopsy site. 


Mononuclear Cell Infiltrate 


Mononuclear infiltrates, consisting of small round to 
angulated lymphocytes with sparse cytoplasm and 
clumped chromatin were seen in 363 of the posttransplant 
biopsies. The infiltrates were focal (272 biopsies), multi- 
focal (31 biopsies) in one or more of the fragments, or 
diffuse (60 biopsies) in each biopsy fragment. The intensity 
of the mononuclear infiltrates varied from minimal to 
severe. A minimal infiltrate (279 biopsies) was most 
readily identified at 600 magnification and was perivas- 
cular, subendocardial, or adjacent to biopsy sites (Figs. 
2B and 5). Most of the minimal infiltrates were focal (248 
biopsies); but 17 were diffuse and 14 multifocal. Mild 
infiltrates (69 biopsies) were easily identified at 300 mag- 
nification, were focal in 24, multifocal in 17, and diffuse 
in 28 (Fig. 6). Moderate (12 biopsies) and severe (3 biop- 
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Fics. 2A and B. A. Old biopsy site consisting of loose and dense connective tissue adjacent to normal myocardium (H & E, X110). B. Collections 
of mononuclear cells separate myocardial fibers adjacent to a recent biopsy site (H & E, X225). 


sies) infiltrates were always diffuse and were easily seen 
at 150 magnification (Fig. 7). The severe infiltrates were 
of marked intensity and were associated with myocyte 
necrosis, as evidenced by karyorrhectic debris and poly- 
morphonuclear cell infiltration. 


Acute Rejection 


Each of the biopsies with moderate and severe infiltrates 
(Fig. 7) and 18 of the mild diffuse infiltrates (Fig. 6) were 
thought to represent acute rejection (Table 1). The other 
10 biopsies with mild diffuse infiltrates had prominent 
biopsy site damage. In retrospect, one of the moderate 
infiltrates represented an atypical lymphoid infiltrate re- 
lated to a viral infection (see Other below). Myocyte ne- 
crosis was recognizable in the three severely rejecting al- 
lografts and was associated with polymorphonuclear leu- 
kocyte infiltration and karyorrhectic debris. The infiltrate 
of acute rejection consisted of small angulated lympho- 


cytes with hyperchromatic nuclei (Fig. 8). Rarely, larger 
lymphoid cells with round vesicular nuclei and prominent 
nucleoli or plasmacytoid cells were encountered. Mor- 
phologic changes of acute vascular rejection-endotheli- 
alitis, necrotizing arteritis, or fibrinoid necrosis, or chronic 
vascular rejection-fibrointimal onion-skinning were never 
encountered in the biopsy material. Acute and chronic 
vascular rejection, however, were encountered in the heart 
at autopsy in five cases (Figs. 9A and B). 


Ongoing and Resolving Rejection 


Treatment with methylprednisone, sodium succinate 
(1 g LV. for 3 days), or increased dose of oral prednisone 
(100 mg with 5 mg/day tapering) or anti-lymphocyte 
globulin was considered successful when follow-up biopsy 
demonstrated extensive cytolysis and karyorrhexis of the 
lymphoid infiltrate. The myocytes were usually separated 
by a loose, edematous “dirty” interstitial tissue containing 
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FiG, 3. Well-defined large nodular subendocardial infiltrates of mature 
lymphocytes are on occasion found in cyclosporine immunosuppressed 
patients (H & E, x225). 


small numbers of viable as well as degenerating lymphoid 
cells. Plasma cells and macrophages were often admixed 
as well. Ongoing rejection was characterized by the pres- 
ence of viable mononuclear cells in a biopsy following 
the initiation of acute rejection therapy. Evidence of on- 
going rejection occurred in seven biopsies as well as in 
three hearts at autopsy (Table 1). 


Repeat Biopsy 


A repeat biopsy was requested in 20 of the cases because 
of uncertainty in the diagnosis. The infiltrates were diffuse 
in 16 and multifocal in four, were minimal in six and 
mild in 14. The repeat biopsies were usually performed 
2 to 4 days (median 6 days) after the previous biopsy, but, 
in one patient, a biopsy was not performed for 54 days. 
An increase in the intensity of the infiltrate occurred in 
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three of six minimal cases and seven of 14 mild cases, 
and a diagnosis of mild or moderate rejection was made 
in these 10 cases (Table 1). The remaining repeat biopsies 
were normal or had minimal focal to diffuse infiltrates 
and were thought not to represent acute rejection. 


Other 


In five biopsies, epicardial fat and mesothelial cells were 
evident. An intense neutrophil or eosinophil and mono- 
nuclear cell infiltrate with occasional multinucleated giant 
cells was present in the epicardial fat in one of these pa- 
tients. 

Three biopsies in one patient had mild, mild, and mod- 
erate diffuse myocardial infiltrates of atypical mononu- 
clear plasmablastic and immunoblastic cells (Fig. 10). 
They were initially thought to represent acute rejection, 
but the patient had a severe cytomegaloviral infection. At 
autopsy, an atypical polymorphous B cell lymphoid pro- 
liferation not only involved the heart, but the lungs, liver, 
spleen, lymph nodes, pancreas, kidneys, and bone 
marrow. 


Perimyocyte Fibrosis 


A fine, perimyocytic fibrosis was apparent in 22 biopsies 
from 10 patients (Fig. 11). In 10 biopsies, the changes 
were adjacent to organizing or organized biopsy sites. In 
the remaining cases, the changes involved one or rarely 
two of the tissue fragments of the biopsy specimen, but 
were not adjacent to easily identifiable biopsy sites, al- 
though biopsy scarring was apparent in each case. Two 
of these patients had had multiple episodes of previous 
rejection. 


Autopsy 


Eighteen patients died and autopsy was performed in 
16. The cause of death was acute interstitial and/or acute 
and chronic vascular rejection in five and infections in 
six (systemic aspergillosis in four, cytomegalovirus in 
three). One patient, who had poor cardiac output from 
the time of transplantation (Tables 1, 2), had extensive 
myocardial microinfarction with dystrophic calcification 
at autopsy.” Two of the patients with systemic cytomeg- 
alovirus infection showed atypical lymphoproliferative 
disorders similar to those described by Hanto et al. °: one 
had polymorphic B-cell hyperplasia and the other, im- 
munoblastic sarcoma and viral-associated hemophago- 
cytic syndrome.'' The myocardium was involved by the 
infiltrate in both cases. Four patients with systemic as- 
pergillosis had myocardial mycotic abscesses with myo- 
cardial infarction. Six patients died at the time of trans- _ 
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Fics. 4A and B. A. Parallel rows of highly edematous and somewhat inflamed tissue separates the myofibrils adjacent to many biopsy sites 
(H & E, x225). B. Later biopsies of tissue adjacent to previous biopsy sites reveal resolution of the edema and inflammation, as cicatrization develops 


(H & E, X225). 


plantation. Pulmonary hypertension was the cause of 
death in four of these patients, and two patients died be- 
cause of uncontrollable hemorrhage. 


Discussion 


The major causes of morbidity and mortality in the 
orthotopic cardiac transplant recipient are graft rejection, 
infectious complications, and malignant lymphoma.*!*"'° 
The immunosuppressive regimen is therefore aimed at 
the prevention of an immune response against the graft, 
while retaining immune competence to prevent infectious 
complications and viral-related disorders. 

The diagnosis and treatment of acute rejection is of 
prime import in the management of the cardiac allograft 
recipient. Noninvasive diagnostic tools such as the elec- 
trocardiogram in the pre-cyclosporine immunosuppres- 


sion era and echocardiographic determination of the iso- 
volumic relaxation time in the cyclosporine era are ad- 
juncts to the diagnosis of acute rejection, but transvenous 
percutaneous endomyocardial biopsy remains the gold 
standard in the diagnosis and treatment.'?+!?-'*'°'” The 
right ventricular percutaneous endomyocardial biopsy has 
been shown to be an extremely safe procedure,’* and we 
have had no major complications related to the procedure. 

The recognition of acute rejection in the pre-cyclo- 
sporine era was relatively simple, as described by Bil- 
lingham.'? Mononuclear cell infiltrates and interstitial 
edema of variable degree, often with a decrease in the 
electrocardiographic voltage, were the characteristic fea- 
tures. The addition of cyclosporine to the immuno- 
suppression armamentarium was noted, however, to alter 
these characteristic features of rejection. Mononuclear in- 
filtrates of modest intensity were frequently evident in 





Fic. 5. The presence of mononuclear cells is a common finding at biopsy 
sites. Serial sections demonstrated a biopsy site contiguous with this focally 
intense infiltrate (H & E, x225). 


allograft biopsies, but were not associated with clinical 
features of rejection and, in some cases, spontaneously 
resolved.”!”:'® Furthermore, even when prominent infil- 
trates were present, myocardial edema and associated 
EKG abnormalities were usually not apparent.2° A new 
set of diagnostic criteria was thus suggested: (1) no rejec- 
tion, (2) mononuclear cells present, and (3) rejection with 
myocyte necrosis.* An additional change, perimyocyte fi- 
brosis, was consistently apparent in cyclosporine-treated 
recipients. ! 

Because mononuclear cell infiltrates of low intensity 
often heralded the development of full-blown clinicai re- 
jection in prednisone-Imuran®-ALG immunosuppressed 
cardiac recipients, but not cyclosporine immunosup- 
pressed recipients, Billingham! has recommended that a 
diagnosis of rejection be made only in the presence of 
myocyte necrosis. We have not been able to duplicate this 
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finding. Definite myocyte necrosis occurred in only three 
rejection episodes, was present at a previous biopsy site, 
or was present in the early posttransplant period on the 
basis of perioperative ischemia. Because of our difficulty 
in identifying myocyte necrosis, we believe the finding 
of a diffuse intense mononuclear cell infiltrate is a more 
reliable method of diagnosing rejection. Of the 27 epi- 
sodes of acute rejection in our patients based on these 
criteria, 24 were associated with clinical signs and/or 
symptoms, such as dyspnea, fatigue, increase in heart 
size, third heart sound, premature atrial complexes or pa- 
roxysmal atrial flutter and/or fibrillation, decrease of the 
QRS voltage and increase in ventricular filling pressures 
(Table 1). 

The incidence of rejection in cyclosporine immuno- 
suppressed patients at Stanford has been reported as 
80%'*; at Pittsburgh there were 3.6 episodes of rejection 





FIG. 6. Acute rejection. A diffuse, even mild mononuclear lymphocyte 
infiltrate is usually indicative of acute rejection (H & E, X225), 
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per patient in 17 patients immunosuppressed with cy- 
closporine!”; and 23 of 25 patients reported by Gokel et 
al.'? had 34 episodes of rejection. In our series of 39 pa- 
tients (some pre-cyclosporine), there was fewer than one 
episode of rejection per patient, and only 44% of the pa- 
tients had a documented episode of acute rejection. We 
are thus more conservative in making a diagnosis of re- 
jection, thinking that focal infiltrates and biopsy site re- 
lated infiltrates are of little acute consequence. Whether 
these infiltrates are transient or persistent and will lead to 
progressive myocardial damage in the future, or whether 
smoldering vascular rejection is associated with these 
clinically silent infiltrates, which will result in subsequent 
chronic vascular rejection as in some renal'® and pan- 
creatic allografts (unpublished data), is of concern. 

Four of the patients in this series died because of acute 





Fic. 7. Acute rejection. The severe diffuse infiltrate present in this biopsy 
was associated with voltage decrease, an increase in heart size and in- 
creased thickness of the myocardial wall by Echo (H & E, X225). 
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FIG. 8. Acute rejection. The rejection infiltrate consists of small angulated 
lymphocytes and occasional large lymphoblasts with prominent nucleoli. 
(H & E, x560). 


and chronic vascular rejection that resulted in at least 
moderate narrowing of the major coronary arteries. The 
vascular lesions are identical to those seen in chronic vas- 
cular rejection of the kidney,'* liver,’? and pancreas (un- 
published observation) allograft. All of these patients had 
previous biopsy-proven, acute rejection. 

Only one of the prior publications has stressed the sig- 
nificance of the previous biopsy site and its causal rela- 
tionship with various morphologic abnormalities, some 
of which mimic acute and/or chronic rejection.” Biopsy 
site changes were evident in nearly 70% of our biopsies, 
and mononuclear infiltrates, usually of modest intensity, 
were associated with the biopsy site in 46%. Organizing 
thrombus, granulation tissue, necrotic myocardium, kar- 
yorrhectic debris, polymorphonuclear leukocytes, and 
dense subendocardial, well-demarcated lymphoid aggre- 
gates were additional biopsy site abnormalities. Indeed, 
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TABLE |. Rejection: Relationship to Previous Biopsy Diagnoses and Clinical Features 
Transplant 
Number Severity of Rejection Previous Biopsy Days Clinical Features 
l Mild Normal 18 V.H 
i Sev Min D (repeat) 4 V.H 
3 Mild Min D (repeat) 10 H 
3 Mod (ongoing) Mild rejection 2 H 
3 Mild Mild D (repeat) 28 None 
5 Mod Normal 5 V,P,H 
6 Sev Min F 42 V 
6 Mild Mild D (repeat) 7 v 
6 Mild AM, Min CM, Sev AV, Mild rejection 3 V, P, H, E—Died 
CV (ongoing, autopsy) 
7 Mild AM (autopsy) Min F l V, P, H. E—Died 
8 Mod Normal 5 H,A 
11 Mod Min F 2 V,A 
12 Mild Min F 6 V,H 
12 Mod (ongoing) Mild D (repeat) 5 V, H§ 
14 Mod Mild D (repeat) 6 V,H 
14 Mod (ongoing) Mod D rejection 4 V, H 
14 Sev (ongoing) Mod rejection 3 V, H, P 
14 Mod AV, CV (autopsy, ongoing) Min D lI Died 
17 Mild Normal 5 V,E,H 
17 Mild Min F 5 None§ 
18 Mild Min D (repeat) 2 VA 
18 Mild Min F 8 VLA 
18 Mild Min MF 38 V, H 
18 Mild (ongoing) Mild rejection 12 V.H 
18 Mod Mild D (repeat) 54 V, H, E.P 
18 Mild AM, CV, Mod AM, CM Mod rejection 14 Died 
(ongoing, autopsy) 
19 Mild Mild MF (repeat) 3 Vv 
22 Mild Normal 15 v 
26 Mod Min MF 4 V,P, H 
26 Mod Min MF 36 V, A 
26 Mild (ongoing) Mod rejection 4 P, V 
26 Sev AM, AV, Mod CM, Mild Min F 38 Died 
CV, (autopsy) 
29 Mild Min F 13 No 
33 Mild Mild F 98 V.E, P, H 
35 Mod Min F 7 V, H 
35 Mild Mild F 7 V 
35 Mild (ongoing) Mild D (repeat) 3 v 





Ongoing = ongoing rejection. 
Min = minimal. 
Mod = moderate. 


Sev = severe. 
MF = multifocal. 
F = focal. 


V = decreased voltage on EKG. 
E = increased thickness on echo. 
P = cardiac pressure increase. 


recent biopsy site changes demonstrate inflammatory cell 
infiltrates, edema, and fibrosis, which may be easily iden- 
tified as such or may diffusely involve the entire fragment 
of tissue and cause difficulty in interpretation. The im- 
portance of multiple tissue fragments per biopsy has been 
emphasized to identify mononuclear infiltrates of rejec- 
tion™?; we advise multiple biopsies for the purpose of ob- 
taining fragments of tissue away from biopsy sites in order 
not to make an erroneous diagnosis of rejection. We have 
found that rejection in cyclosporine immunosuppressed 


D = diffuse. 

AV = acute vascular rejection. 

CY = chronic vascular rejection. 

AM = acute myocardial rejection. 

CM = chronic myocardial rejection. 

§ = not treated for rejection because of pulmonary aspergillosis. 
H = heart size increase. 

A = arrhythmia. 


recipients is almost always characterized by a diffuse and 
intense infiltrate, and thus a normal fragment of tissue is 
important in ruling out rejection in patients with mono- 
nuclear infiltrates at biopsy sites. We have found that dif- 
fuse infiltrates, easily visible at low magnification, whether 
myocyte necrosis is evident or not, are indicative of re- 
jection. 

We believe that repeat biopsies should be performed 
in questionable cases because often the subsequent biopsy 
fails to support a diagnosis of rejection and the patient 
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Fics. 9A and B. Vascular rejection. Autopsy revealed the presence of acute and/or chronic rejection in four of the patients dying in the posttransplant 
period. A. Acute, with fibrinoid necrosis and endovasculitis (H & E, X270). B. Chronic, with fibromyointimal narrowing of the lumen (H & E, X250). 


can be spared antirejection therapy. A repeat biopsy was 
‘requested in 20 instances because of uncertainty in the 
diagnosis. The infiltrates had increased in intensity in the 
follow-up biopsy in ten, and rejection was thought to be 
present (Table 1). Although requested, a repeat biopsy 
was not performed in two patients. They subsequently 
developed clinical evidence of rejection, but not until 28 
and 53 days later. In the remaining patients, the infiltrates 
either disappeared or remained static in the follow-up bi- 
opsy. Similar minimal to mild, usually focal, infiltrates 
are encountered in renal,'® liver,!? and pancreas allografts 
(unpublished observation). Some patients with these in- 
filtrates develop definite evidence of rejection as evidenced 
by clinical signs and/or symptoms, but most “sponta- 
neously” resolve or remain static and do not appear to 
have a deleterious effect on graft survival. The significance 
or insignificance of minor or even mild infiltrates is further 
illustrated by two of our patients with pulmonary asper- 
gillosis who had mild and moderate diffuse infiltrates 


thought to represent acute rejection in several biopsies. 
Neither received antirejection therapy and both had 
eventual resolution of the infiltrates, as demonstrated in 
subsequent biopsies. 

We have found fine perimyocyte fibrosis infrequently 
as compared to Billingham! and Griffith et al.,!? who re- 
port perimyocyte fibrosis in nearly all cyclosporine im- 
munosuppressed patients. Both the etiology of this ab- 
normality and any relation to functional changes is un- 
certain. The etiology of perimyocyte fibrosis in rat cardiac 
transplants immunosuppressed with cyclosporine was 
thought to be the result of chronic rejection rather than 
cyclosporine per se.” Griffith et al.'? suggest rejection as 
a possible etiology as well. While reduced myocardial 
compliance has been reported in six patients on cyclo- 
sporine immunosuppression with perimyocyte fibrosis,”! 
possible long-term adverse effects have not been estab- 
lished. In our own material, some fragments show diffuse 
fibrosis, while other fragments in the same biopsy are en- 
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Fic. 10. An atypical lymphoid infiltrate was present in three biopsies 
from one patient with severe cytomegalovirus disease and evidence of 
heart failure. Polymorphic B-cell hyperplasia was apparent in nultiple 
organs at autopsy (H & E, x560). 


tirely normal. We believe this change may be rela-ed to 
cyclosporine, as does Billingham,’ but the etiology may 
represent an abnormality adjacent to old biopsy sites in 
some instances, and we suggest that the diffuse fine in- 
terstitial edema-inflammation of the myocardium contig- 
uous with new biopsy sites may transform into this fine 
perimyocyte fibrosis. 

Malignant lymphoma has been reported in rather high 
frequency in cardiac allograft recipients.*'*'5 Four cf our 
patients (all anti-lymphocyte globulin, prednisone, Imu- 
ran immunosuppressed) developed atypical lymphopro- 
liferative disorders in association with viral infection sim- 
ilar to those reported in renal allograft recipients.'° Three 
developed morphologic evidence of malignancy, while one 
had polymorphic B-cell hyperplasia. One of the pat:ents 
is currently being treated for his recurrent malignant iym- 
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phoma localized to the inguinal region. Premortum car- 
diac biopsy in one patient demonstrated large immuno- 
blastic and plasmablastic mononuclear infiltrates in the 
myocardium, which, unfortunately when first seen, were 
thought to represent acute rejection for which the patient 
was treated. Subsequently, a severe cytomegalovirus in- 
fection was documented, and repeat cardiac biopsies, as 
well as autopsy, demonstrated the atypical lymphoid in- 
filtrate in multiple organs as well as the heart. 

This study demonstrates the importance of the endo- 
myocardial biopsy in the management of the cardiac 
transplant recipient. We have found that the diffuse in- 
filtrate easily evident at low magnification, i.e., moderate 
or severe, even without identifiable myocyte necrosis, 
represents rejection. Diffuse or intense multifocal infil- 
trates seen best at higher magnification, i.e., minimal to 
mild infiltrates, in some instances represent acute rejection 





Fic. 11. Perimyocyte fibrosis occurred in a small number of the biopsies. 
It may represent a healing process adjacent to a previous biopsy site (see 
Figs. 4A and B) (H & E, x250). 
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TABLE 2. Cardiac Pathology at Autopsy* 





Vascular Rejection Myoċardial Rejection 
Transplant Si ay Tw yO os ep te 
Number Acute/Chronic Acute/Chronic 
; 7 
1 —/— —/— 
6 Severe/Severé Mild/Minimal 
7 —/— —/— 
I1 —/— —/— 
14 Moderate/Moderate —/— 
18 Severe/Severe Mild/Moderate 
24 —/— —/— 
25 —/— —/— 
26 Severe/Mild Severe/Moderate 
27 —/— —/— 
38 —/— —/— 


* Five hearts entirely normal at autopsy. 


episodes and are treated as such if clinical features support 
rejection. When there are no supporting clinical features 
of rejection, however, we recommend rebiopsy in 2-3 
days to determine whether the diffuse minimal or mild 
infiltrate is increasing, static, or has disappeared. 
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The report concerns the findings of autopsies performed at the 
Institute of Pathology, The University of Diisseldorf, where 68 
patients with cancer of the distal esophagus and 117 patients 
with cancer of the cardia were observed between 1950 and 1982. 
The total number of autopsies during this 33-year observation 
period was 46,593. The male:female ratio was 5.8:1 in cancer of 
the distal esophagus, and 4.3:1 in cancer of the cardia. During 
the observation period, cancer of the distal esophagus accounted, 
on average, for about 40% of all esophageal cancers, whereas 
the percentage of cancers of the cardia among all gastric cancers 
was 15.4% on average. While the incidence of gastric cancer has 
decreased overall, a relative increase in cancers of the cardia has 
been found, especially in the last 8 years. In histological terms, 
most of the malignomas of the distal esophagus were squamous 
cell carcinomas (84%), and most of the cancers of the cardia 
were adenocarcinomas (96%). Tumor spread and lymphogenous 
and hematogenous metastasizing are discussed, and the findings 
are compared with the literature. 


ALIGNANT TUMORS at the junction of the 
esophagus with the stomach represent a par- 
ticular problem in therapeutic terms because 

they lie in the border area between two body cavities, 
thorax and abdomen.' In surgical terms, the resection 
of such malignant tumors can be performed either by a 
two-cavity operation or through laparotomy by blunt 
esophagectomy without thoracotomy.*’ The abdomi- 
nothoracic procedure, however, still bears the burden, 
even today, of a high complication rate, especially pul- 
monary problems.®? 

From a clinical point of view, carcinoma of the cardia 
does represent a separate type of tumor, but in view of 
considerations with regard to operative technique it is 
nevertheless usually classed with the esophageal can- 
cers.'°"'? On the premise that the distal esophagus and 
the anatomical inlet of the stomach jointly form the organ 
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of esophagogastric sphincteric mechanism, the malignant 
tumors of the distal esophagus and the cardia are nowa- . 
days—in contrast with earlier studies'*—taken as a sep- 
arate group. 57 

For the therapy and prognosis of cancer of the distal 
esophagus and cancer of the cardia, their pathologic-an- 
atomic pecularities and their mode of metastasizing and 
infiltrating are of great importance. This will be demon- 
strated on the basis of autopsy findings on 68 patients 
with cancer of the distal esophagus and 117 patients with 
cancer of the cardia. 


Materials and Methods 


Between 1950 and 1982, 171 patients with esophageal 
cancer'® and 760 patients with gastric cancer were autop- 
sied in the Institute of Pathology, The University of Düs- 
seldorf. The total number of autopsies during this 33-year 
observation period was 46,593. Among the 171 patients 
with esophageal cancer, the primary tumor was localized 
in 68 cases (39.8%) in the distal esophagus, whereas the 
cardia was unequivocally determined as the starting point 
in 117 cases (15.4%) of all the gastric cancers. 

In relation to the total number of autopsies, the inci- 
dence of cancer of the distal esophagus was around 0.15%, 
and that of cancer of the cardia was around 0.25%. The 
fundic carcinomas, likewise localized in the upper third 
ofthe stomach, were not taken into account in this study. 
Autopsy reports and pathologic-anatomic diagnoses of the 
total of 185 patients with cancer of the distal esophagus 
and of the cardia were evaluated, in conjunction with the 
biopsy findings during previous exploratory excisions, 
with regard to age, sex, and tumor histology, as well as to 
tumor spread and metastasizing. 
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TABLE 1. Average Age in Years of 68 Patients with Cancer of t the Distal Esophagus and I 17 Patients with Cancer K the Cardia, 
. in Comparison with the Other Esophageal and Gastric Cancer Patients . 





Patients with Cancer Patients with Esophageal Patients with Patients with. Gastric 
of the Distal Esophagus Cancer Localized Elsewhere Cancer.of the.Cardia cer Localized Elsewhere 
(N = 68) (N = 103). (N = 117) (N = 643) 
“Average age of the female ` : 
patients a 71.4 73.9 63.8 64.6 
Average age of the male ; EAT ; . 
patients 61.8 ` 61.5 64.7 63.2 
Average age of the male 
and female patients 63.2 63.3. . 64:6 : 63.8, 
Results again; remaining, at aù average level of about 40% over 


Age, Sex, and Incidence 


The average age of the patients with cancer of the distal 
esophagus was 63.2 years, while that of the patients with 
cancer of the.cardia was 64.6 years. ` 

Whereas among the female patients with esophageal 
cancer the- average age reached was, at 71.4 years, about 
— 10 years above that of the men (61.8-years), the female 
patients with cancer of the cardia died approximately 1 
year earlier (63.8 years) than the males (64.7 years): The 
average age of the other 643 gastric cancer patients, at 
63.8 years, differed only slightly from that of the 1 17 pa- 
tients with cancer of the cardia (64.6 years). The separate 
calculation of the average age of male and femalé patients 
with cancer of the cardia also revealed rio major differences 
(Table 1). On the other hand, female patients with cancer 
of the distal esophagiis, at an average age of 71.4. years, 
died approximately 2.5 years earlier than female esoph- 
ageal cancér patients with tumor localization in the upper 
or middle third of the esophagus. 

The sex ratio was virtually identical i in the 68 patients 

‘_ with cancer of the distal-esophagus to that in the 103 
patients with esophageal cancer localized elsewhere (upper 
and middle third of the esophagus), the male:female ratio 
being 5.8:1 and 5.9: respectively. Amongst all the gastric 
cancer patients the male sex was likewise affected more 
severely (1.91:1), but not as markedly as with esophageal 
cancer. With cancer of the cardia the sex ratio male: female 

was as high as 4.3:1, but with the 643 gastric cancers of 
other localization it was only 1.7:1. 

The age and sex distribution of all. 185 patients with 
cancer of thie distal esophagus and of the cardia is shown 
in Figure l. 

Among 171 esophageal cancers that were recorded by 
aiitopsy during the 33-year observation period (1950- 
1982), the tumor was localized in the distal third of the 


esophagus in 68 cases (=39. 8%). In the observation period - 


1955-1959, however, the percentage of cancers of the dis- 
tal esophagus among all the esophageal cancers rose from 
its previous figure of 29.4%, to 62.5%, only to decrease 


the subsequent 2% decades (Table 2). 

On the other hand, the percentage of cancers of the 
cardia among gastric cancers increased from 14.2% in the 
observation period 1950-1954, to 23.2% in the observa- 
tion period, 1980-1982—especially. in recent years. 
Among the 68 cancers of the distal esophagus, there wére 
57 squamous cell carcinomas and 10 adenocarcinomas 
of various degrees of differentiation, as well as one car- 
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Fic. 1. The age and sex distribution of 68 patients with cancer of the 
distal esophagus (top) and of 117 patients with cancer of the cardia (bot- 
tom). 
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TABLE 2. Relative Share (Expressed as a Percentage) of Cancers 
Autopsies and among the Esophageal and G. 





Cancers of the Distal 
Esophagus among 
the Autopsies 





Period (%) (% 
1950-1954 0.05 21.4 
1955-1959 0.07 62.5 
1960-1964 0.17 433 
1965-1969 0.15 40.6 
1970-1974 0.12 33.3 
1975-1979 0.19 44.8 
1980-1982 0.38 38.7 

Total 0.15 39.8 


Cancers of the Distal 
Esophagus among all 
Esophageal Cancers 
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of the Distal Esophagus and Cancers of the Cardia among the 
astric Cancers of Each Observation Period 





Cancers of the 
Cardia among 
All Gastric Cancers 


Cancers of the 
Cardia among 
the Autopsies 





(%) (%) 
0.28 14.2 
0.22 14.0 
0.17 10.0 
0.21 14.1 
0.20 12.1 
0.37 22.4 
0.42 23.2 
0.25 15.4 











cinosarcoma. Of the cancers of the cardia, 112 were ad- 
enocarcinomas of various degrees of differentiation, with 
the remainder consisting of 4 squamous cell carcinomas 
and | adenocancroid. 


Tumor Spread and Metastasizing 


One in every five of the cancers of the distal esophagus 
had invaded neighboring mediastinal structures, most 
frequently in the pleura/lung (19.1%), trachea (10.3%), 
and bronchi (8.8%). These were followed by the aorta 
(5.9%) and the pericardium (2.9%). In 13.5% of the cases, 
the esophageal cancer had infiltrated the stomach, whereas 
in 28.2% of the cancers of the cardia tumorous infiltration 
of the esophagus was found. The liver (8.6%), diaphragm 
(6.8%), and pancreas (7.7%) were other structures that 
were frequently affected by tumorous infiltration by cancer 
of the cardia (Table 3). 

Metastases were already present in 80.9% of the cancers 
of the distal esophagus and in 73.5% of the cancers of the 
cardia. Lymphogenous metastases were also found slightly 


TABLE 3. Infiltration per Continuitatem of 117 Cancers of the Cardia 
and 68 Cancers of the Distal Esophagus (Given as Percentages); 








Autopsy Findings 
Distal Esophagus Cardia 
(N = 68) (N = 117) 
Mediastinum 20.6 2.6 
Trachea 10.3 — 
Bronchi 8.8 — 
Lung/pleura 19.1 1.7 
Pericardium 2.9 — 
Aorta 5.9 — 
Diaphragm 3.3 6.8 
Esophagus — 28.2 
Stomach 13.5 — 
Liver 1.8 8.6 
Pancreas 1.2 7.7 
Spleen — 1.7 
Colon — 3.4 


Bile ducts and omentum minus 0.6 SA 





more frequently in cancer of the distal esophagus, at 75%, 
than in cancer of the cardia, at 70.1%. Lymphogenous 
metastasizing by cancer of the cardia particularly fre- 
quently affected the lymph nodes at the greater and lesser 
curvature of the stomach and at the tripus Halleri (54%). 
This was followed in terms of incidence by the lymph 
nodes at the porta hepatis (nodi lymphatici portales) and 
the para-aortal abdominal lymph nodes (33% each). In 
16% of the cases the cancer of the cardia had metastasized 
into the paraesophageal lymph nodes, and into the su- 
praclavicular and cervical lymph nodes in 6% and 5% of 
the cases, respectively. On the other hand, the cancer of 
the distal esophagus had metastasized into the abdominal 
lymph node stations slightly more frequently than had 
the cancer of the cardia into the thoracal lymph nodes. 
Thus, metastases into the nodi lymphatici paragastrici et 
lienales were present in 40% of the cancers of the distal 
esophagus, and into the parapancreatic lymph nodes and 
those of the splenic hilum in 21% of the cases. The prin- 
cipal direction of lymphogenous metastasizing in cancer 
of the distal esophagus, however, was into the mediastinal 
para-esophageal lymph node groups, which at 49% were 
those most frequently affected (Fig. 2). 

Hematogenous metastases, on the other hand, were 
found slightly more frequently in cancer of the cardia, at 
43.6%, than in cancer of the distal esophagus, at 35.3%. 
With both types of tumor, the liver, lung, peritoneum, 
adrenal glands, and skeletal system were the organs most 
frequently affected by metastases (Table 4). 


Discussion 
Epidemiological Aspects and Histologic Types 


In the Federal Republic of Germany, about 7.86 times 
as many people die each year from malignant neoplasms 
of the stomach as from malignant tumors of the esoph- 
agus. The total number of deaths from esophageal cancer _ 
is stated to be 2234 for the year 1981 in the Federal Rep- 
ublic of Germany, with that of deaths from gastric cancer 
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N.i cervicales 6% 
N.i. supraciaviculares 2% 
P: p 
N.I. paraoesophageales £ a 
(et mediastinales) 4a% j m 
N.i. at the bifurcation of the | 
trachea 9% |. a 
$ $ 
N.I. peribronchiales 22% í i i 
N.i. paratracheales 24% | : 
N.I. paragastrici et coeliaci 40% 
N.I. parapancreatici 
et lienales 21% 
N.I. portales 10% | 
| 
N.I. hepatici 7% | y 
i 
N.I. pancreaticoduodenales 7% i 
N.I. paraaortales 
abdominales 19% 
N.I. mesenteriales 4% 
N.I. parailiacales 2% 
N.I. inguinales 2% 
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r Cancer of the Cardia 


N.I. cervicales 5% 


N.i. supraclaviculares 6% 


N.I. paraoesophageales 


(et mediastinales) 16% 
N.i. at the bifurcation of the 

trachea 8% 
N.I. peribronchiales 9% 
N.I. paratracheales 9% 
N.i. paragastrici et coeliaci 54% 
N.I. parapancreatici 

et lienales 24% 
N.I. portales 33% 
N.I. hepatici 12% 
N.I. pancreaticoduodenales 18% 
N.I. paraaortales 

abdominales 33% 
N.I. mesenteriales 9% 
N.I. parailiacales 6% 
N.I. inguinales 2% 


Fic. 2. Lymph node metastases in cancer of the distal esophagus (N = 68) and in cancer of the cardia (N = 117) (autopsy findings). 


being 17,577.'° The annual mortality rate per 100,000 
inhabitants is 3.62 deaths from esophageal cancer and 
28.4 deaths from gastric cancer. 

With regard to esophageal cancer, the Federal Republic 
of Germany can be designated an area of low incidence.” 
The highest rate of incidence in Europe for esophageal 
cancer is found in northwest Brittany, with 36 cases of 
the condition per 100,000 inhabitants. In this region, 
which ranks as one of the poorest areas in France, the 
highest death rate from illnesses resulting from alcohol 
abuse is also found.”**? Outside Europe, the province of 
Linxian in the People’s Republic of China, the province 
of Mazandarin (Iran) on the Caspian Sea, and certain 
areas of East Africa, India, and Central America also rep- 
resent areas of very high incidence.**?! 

The etiology of esophageal cancer has not yet, in the 
final analysis, been clarified. Nevertheless, a series of ep- 
idemiological and experimental investigations points to- 


TABLE 4. Mecastasizing of 117 Cancers of the Cardia and 68 Cancers 
of the Distal Esophagus (Given as Percentages); Autopsy FI indings 


Lee 





Distal Esophagus Cardia 
(N = 68) (N = 117) 
Metastases in total 80.9 73.5 
Lymphogenous metastases 75.0 70.1 
Hematogenous metastases 
Total 35.3 43.6 
Lung 22.1 8.6 
Liver 23.5 27.4 
Bone marrow 7.4 94 
Kidney 8.8 6.8 
Adrenal gland 5.9 10.3 
Brain 1.5 1.7 
Spleen 4.4 1.7 
Diaphragm 1.5 43 
Heart 2.9 0.9 
Thyroid gland 2.9 0.9 
Pancreas 1.5 2.6 
Skin — 0.9 
Peritoneum 11.8 17.1 
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wards the significance of exogenous chemical and physical 
noxae. In addition to alcohol and nicotine abuse, certain 
environmental carcinogens (nitrosamines), an inadequate 
make-up of nutrition (avitaminoses, molybdenum defi- 
ciency, protein deficiency) abnormal eating habits (hot 
drinks, strongly spiced foods), and certain previous ill- 
nesses (e.g., achalasia over many years, esophageal stric- 
tures) have been discussed.??737¢-273932-39 Recently, a viral 
etiology has also been under consideration.2°29-° 

In histological terms, esophageal carcinomas are pre- 
dominantly squamous cell carcinomas of various degrees 
of differentiation, from the cornifying squamous cell car- 
cinoma through the less differentiated noncornifying 
squamous cell carcinoma down to the entirely undiffer- 
entiated carcinoma of medullary and scirrhous growth.*! 
In our study, 57 squamous cell carcinomas and 10 ad- 
enocarcinomas were found among 68 carcinomas of the 
distal esophagus. These findings accord with the results 
of other studies.**-** In contrast with squamous cell car- 
cinomas, primary adenocarcinomas of the esophagus 
rarely occur and are localized predominantly in the distal 
third of the esophagus.*** They originate from dystopic 
islands of the gastric mucosa, persistent embryonal islands 
of the columnar epithelium or from mucous glands of 
the esophageal wall, or they occur in the course of Barrett’s 
syndrome (endobrachyesophagus), a glandular mucosal 
metaplasia with inflammatory stenosis acquired through 
chronic reflux esophagitis.*”~*! The morphogenesis of car- 
cinosarcoma, which was found in one case in our study, 
appears to be nonuniform. According to the literature, it 
is considered possible, for instance, for a carcinoma and 
a sarcoma to occur simultaneously in different places, or 
for a simultaneous epithelial and mesenchymal malignant 
differentiation to take place.*?* 

For malignant tumors of the stomach, too, the data 
from numerous epidemiological studies give rise to the 
suspicion that, in the context of multi-factor genesis, en- 
vironmentally related factors are of significance to the 
development of cancer.*?**** Thus, in the Japanese pop- 
ulation, a connection seems to exist between a high risk 
of gastric cancer and the consumption of salted dried fish 
or preserved vegetables.“ The incidence of gastric cancer 
in Japan is still the highest in the world; however, it is 
lower among the Japanese living in Hawaii, and lower 
still, to a significant extent, among the Japanese living on 
the west coast of the United States—an indication that, 
in addition to endogenous factors, exogenous factors are 
of substantial significance in the etiopathogenesis of gastric 
cancer.*8 

A correlation between the risk of gastric cancer and 
geochemical factors, e.g., the nitrate content of drinking 
water, is suspected by Correa and colleagues (1976) for 
the Nariño region in southern Colombia.5”? The exog- 
enous factors, e.g., smoked foods and stimulants such as 
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nicotine and alcohol, are also considered by other re- 
searchers to be possibly cancerogenic.©~®? Genetic factors 
(e.g., blood group A) and certain high-risk disorders of 
the gastric mucous membrane, such as chronically 
atrophic gastritis and gastric polyps, are also generally 
considered to be predisposing to cancer of the stomach." 44 

In a similar manner to that found with esophageal can- 
cer, marked geographical differences also exist for gastric 
cancer. In addition to Japan and Chile, countries with 
especially high gastric cancer rates include Finland, Ice- 
land, Poland, and Austria. Especially low gastric cancer 
rates are found in the white population of the United 
States, in Canada, and also in Australia and New Zea- 
land.**°--6!.63.65-67 Within Europe, gastric cancer is rarer 
in the northwest European countries that in the east Eu- 
ropean countries.®° 

In many countries, e.g., the United States, Canada, 
Finland, Japan, and the Federal Republic of Germany, a 
downward trend in the incidence of gastric cancer has 
been noted in recent years/decades.°! 65” Thus, in Ja- 
pan the age-specific death rate for gastric cancer has con- 
stantly decreased since 1955.546 In men in the age group 
of 40-44 years, this rate was 34% lower in 1975 than in 
1955, and in the 50-54-year age group it was 43% less 
than in 1955. The decrease in incidence in the United 
States during the last 40 years has been estimated as 36% 
per 10-year period.®!®? 

In Germany, gastric cancer was overtaken, in terms of 
incidence, as early as the first half of this century by tumors 
of the lung and in the seventies by malignant tumors of 
the large intestine and currently stands in third place, at 
approximately 25%, among the causes of mortality from 
cancer.””! A similar development is shown by autopsy 
records of the Institute of Pathology, The University of 
Düsseldorf. 

In a Japanese and an American study, the decrease in 
incidence of gastric cancer related particularly to cancer 
of the pylorus, and less to cancer of the cardia, a result 
that is also confirmed by the most recent studies of other 
authors.’*?'-*? This relative increase in cancer of the cardia 
among the gastric cancers can also be confirmed from our 
results. 

In our investigative records, the percentage of cancers 
of the cardia relative to all gastric cancers increased from 
14.2% in the period 1950-1954 to 23.2% in the period 
1980-1982 (Table 2). Hirayama (1975) Suggested, as an 
explanation for this phenomenon, that a cancerogenic ef- 
fect of cigarette smoking affects the cardia more severely 
than other sections of the stomach. Hirayama sees a pos- 
sible cause of the general decline in the incidence of gastric 
cancer in Japan in the changes and improvements in the 
composition of foodstuffs during recent decades, especially 
in the increasing consumption of milk products, to which 
a potentially protective function is also described by other 
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researchers.**°* Hirayama therefore considers it possible 
that carcinogenesis in the pyloric region of the stomach 
can be influenced by exogenous nutritive factors to a 
greater extent than, for example, in the region of the car- 
dia.f®7? This thesis was further supported by the results 

“of a study by ourselves, in which no clear preference of 
any particular third of the stomach was determined for 
intestinal-type cancer, but in which diffuse gastric cancers 
occurred twice as frequently in the lower third of the 
stomach as in the upper third (as yet-unpublished results). 
It is assumed that exogenous factors are of particular im- 
portance in the development of intestinal-type gastric 
cancer. ®8:72 


Tumor Spread and Metastasizing 


In the majority of cases, when esophageal and gastric can- 
cers are first diagnosed, there is no longer a localized disorder, 
but an already advanced stage of the tumor with extensive 
tumorous growth exists, !©!%!3.!5-!7,73,74 The prognosis is still 
poor with malignant neoplasms of the esophagogastric junc- 

~- tion in particular, even in comparison with esophageal and 
gastric cancers localized elsewhere.” 


In the study by Eker/Ekskind (1960) of 1314 cases of 


gastric cancer, not one of the patients with a primary can- 
cer of the cardia was still alive after 2 years.*! Husemann 
and colleagues (1983) reported on 321 patients with a 
cancer at the esophagogastric junction, whose cumulative 
5-year survival rate was only 9.2%®?; according to Siewert 
(1977), too, it is only 10%.”? Even where no metastases 
are present, only 20.7% of patients reach the 5-year mark, 
and where lymph node metastases are demonstrated, this 
figure is even as low as 1.9%. Similar data on the survival 
time of patients with cancer of the distal esophagus or 
cancer of the cardia are also given by other authors.’”>*° 
\~ The majority of primary cancers of the cardia and cancers 
of the distal esophagus can no longer be given curative 
surgical treatment, but only palliative, because at the time 
of the clinical examination or exploratory surgery the tu- 
mor spread is too advanced. !>-!7.75.77,82 
In our investigative records, with cancer of the distal 
esophagus metastases were found in 80.9% of the cases, 
lymphogenous metastases in 75% of the cases, and he- 
matogenous metastases in 35.3% of the cases. With cancer 
of the cardia, metastases were present in 73.5% of the 
cases, lymphogenous metastases in 70.1% of the cases, 
and hematogenous metastases in 43.6% of the cases. Ac- 
cording to Siewert and colleagues, metastases already exist 
in 72% of the cases at the time of operations on tumors 
of the distal esophagus and the cardia.’ The cause of the 
frequent invasion of lymph nodes is the density of the 
lymph duct supply both to the stomach and to the lower 
esophagus, so that the cancers at the esophagogastric 
junction invade the regional lymph nodes concerned at 
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a very early stage.** The cancer of the distal esophagus 
showed a preference, in our investigation, for metastas- 
izing into the paraesophageal mediastinal lymph nodes 
and into the lymph nodes at the greater and lesser cur- 
vature of the stomach. The cancer of the cardia, on the 
other hand, showed a preference for metastasizing into 
the paragastric and celiac lymph nodes and into the para- 
aortal abdominal lymph nodes. The cancer of the distal 
esophagus established abdominal lymph node metastases 
more frequently than the cancer of the cardia established 
thoracal metastases, but nevertheless infiltrated the stom- 
ach only half as frequently overall as the cancer of the 
cardia infiltrated the esophagus (Table 3). This encroach- 
ment of the cancers of the cardia on the esophagus and 
of the cancers of the distal esophagus on the cardia is 
favored by the free anastomoses between the lymph ducts 
of the cranial portions of the lesser curvature of the stom- 
ach and those of the terminal esophagus.™ Frequently an 
extensive submucosal longitudinal infiltration of the can- 
cer is present that far exceeds the macroscopically visible 
edge of the tumor and is one of the reasons for a large- 
scale operative resection. ”8%85 

In our investigative records, with cancer of the distal 
esophagus, hematogenous metastasizing particularly af- 
fected, in descending order, the liver, lung, peritoneum, 
kidney, and skeletal system, and with cancer of the cardia, 
the liver, peritoneum, adrenal glands, skeletal system, and 
lung (Table 4). Hematogenous metastasizing takes place, 
both with cancer of the distal esophagus and with cancer 
of the cardia, mainly via branches of the portal vein, for 
which reason hematogenous metastases were found most 
frequently in this filtering organ with both types of tumor. 
Only after surmounting the liver—if carcinomatous cells 
from hepatic metastases reach branches of the hepatic 
vein—are they conveyed into the lungs. The metastatic 
invasion of the lungs was accordingly less than that of the 
liver. With the esophageal cancers located in the middle 
and the upper third of the esophagus, the relative per- 
centage of pulmonary metastases also increased in line 
with the venous drainage via the upper vena cava. It is 
thus possible to explain the fact that, in the investigation, 
among the cancers of the distal esophagus pulmonary 
metastases were found in 22.1% of the cases overall, 
whereas the percentage in cancers of the cardia 
was 8.6%. A metastasizing pattern similar to that found 


in our study has also been reported by other re- 
searchers. 1,11,14,75,79,82,87~90 


Conclusion 


Even today, malignant tumors of the esophagogastric 
junction still have a decidedly poor prognosis.”**’ The 
major prerequisites for an improvement in the prognosis 
are a detailed knowledge of the epidemiological situa- 
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tion—as the basis for the working out of a program for 
monitoring definable high-risk groups—as well as knowl- 
edge concerning tumor spread and specific metastasizing 
patterns. 
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The relative risk of shunting versus not shunting during carotid 
endarterectomy was analyzed retrospectively in 1935 cases un- 
dergoing carotid endarterectomy for carotid ulcerative stenosis. 
The need for shunting was based on a correlation between elec- 
troencephalographic changes and a fall in cerebral blood flow 
below the critical level required for adequate perfusion during 
the period of carotid occlusion. Patients were divided into four 
risk categories for surgery, based on medical and neurological 
risks and angiographic findings. Shunts were required in 30% 
of the low risk group and 56% of the high risk group. Based on 
the severity of reductions of cerebral blood flow during the period 
of carotid occlusion it is concluded that 12% of all patients would 
have sustained a major deficit, 15% a minor or transient deficit, 
and 20% a transient deficit without shunting. The risk of shunting 
792 cases in this series was 0.5%. Overall minor morbidity, major 
morbidity, and mortality each approximated 1% in this series. 


HE NECESSITY for the use of a shunt during carotid 
endarterectomy remains one of the most contro- 
versial aspects of this operative procedure.'~!° The 

availability of intraoperative cerebral blood flow mea- 
surements and continuous electroencephalography during 
carotid endarterectomy has given us the opportunity to 
make some observations about the indications and fre- 
quency for the need of an indwelling shunt during carotid 
endarterectomy and also to document the relative risk of 
this technique. It is not possible to analyze intraoperative 
risks without also considering postoperative complications 
that are often the direct result of a problem related to the 
arterial repair. Thus, these complications will also be in- 
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cluded for completeness. Hopefully, this information will 
be useful to those surgeons operating without the avail- 
ability of these intraoperative monitoring techniques. 


Materials and Methods 


From January 1972 through December of 1984, per- 
tinent information on each patient undergoing a carotid 
endarterectomy was abstracted, recorded on a standard- 
ized format, and keypunched into a computer for data 
retrieval and analysis. During this period, 1935 endarter- 
ectomies were performed for primary ulcerative sclerosis 
of the internal carotid artery, 37 for acute internal carotid 
artery occlusion, and 57 for recurrent stenosis. Cases with 
acute occlusions or recurrent stenosis are classified sep- 
arately. The risks of surgery in these latter two groups are 
substantially different from those related to surgery for 
primary ulcerative stenosis and in general are minimally 
related to the use of a shunt. Accordingly, they will not 
be considered here. 


Preoperative Evaluation 


All patients had detailed neurological examinations 
prior to surgery and were categorized according to criteria 
previously established for the identification or assessment 
of risk factors.'' Four risk groups are used: Group I con- 
sists of those patients under age 70 physiologically with 
no medical or neurologically determined risks; Group II 
consists of those patients who are found to have an an- 
giographically determined risk factor such as a high carotid 
bifurcation, long plaque, coexisting siphon stenosis, or 
opposite carotid artery occlusion; Group III consists of 
individuals in whom the overriding consideration is a co- 
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existence of major medical risk such as severe coronary 
artery disease or chronic obstructive pulmonary disease 
regardless of other factors; and Group IV consists of those 
patients who are considered neurologically unstable be- 
caues of crescendo transient ischemic attacks, symptoms 
of both focal and general cerebral ischemia, a recent infarct 
from which the patient has recovered with new super- 
imposed ischemic events, etc. Prior to surgery, all patients 
underwent conventional retrograde femoral angiography 
with visualization of both the intra- and extracranial cir- 
culation. 


Surgical Techniques 


Virtually all vessels have been repaired with a saphenous 
vein patch graft. This adds somewhere between 20-30 
minutes to the occlusion time and thus increases both the 
need for monitoring techniques and shunting. 


Measurements of Cerebral Blood Flow 


Regional cerebral blood flow was determined from 
clearance curves obtained from the extracranial detection 
of intra-arterially injected xenon'*, The technique for this 
procedure has been described in detail.'!? The indicator 
was injected through a No. 27 needle into the common 
carotid artery while the external carotid artery was tem- 
porarily occluded. Each injectate contained 200 to 300 
uCi of xenon'*? diluted to 0.2 to 0.3 ml total volume with 
physiologic saline. Customarily, three measurements were 
obtained: one before occlusion, one during occlusion, and 
one after restoration of flow. If a shunt was employed, a 
fourth measurement and sometimes a fifth were made 
with the shunt in place. 


Electroencephalographic Technique 


A continuous 16-channel EEG tracing was initiated 
before induction of anesthesia and was terminated with 
extubation. The methods have previously been reported 
in detail.'* 


Indications for Shunting 


Shunts were used in patients with preoperative normal 
electroencephalograms who had with occlusion a change 
in the electroencephalogram suggestive of ischemia or a 
fall in cerebral blood flow below what is considered to be 
the critical level of flow for that particular anesthestic 
agent.’ In general terms, these two changes corresponded 
with one another, but if blood flow fell to marginal levels 
without a change in the electroencephalogram, a shunt 
was usually placed to provide extra protection to regions 
of the brain such as the basal ganglia where ischemic 
changes might develop without an alteration in the elec- 
troencephalogram. The critical level of flow for halothane 
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is 17-18 ml/100 g/min, for enflurane (Ethrane®) 14-15 
ml/100 g/min, and for isoflurane (Forane®) 12-13 ml/ 
100 g/min.*? 

In patients with preoperative alterations in the electro- 
encephalogram attributable to ischemic events, changes 
in the electroencephalogram are not as reliable, and we 
have found that these patients are particularly vulnerable 
to ischemia.* Accordingly, shunts were used in these cases 
whenever there was a significant change in blood flow 
following carotid occlusion. These patients were virtually 
always Grade IV candidates for surgery. 


Technique for Shunt Placement 


The recommended technique for the use of internal 
and external shunts is illustrated in Figures 1A-G and 2. 
Some seemingly minor points in the use of the shunt are 
in fact of rather major importance to avoid embolic com- 
plications from their use. 


Postoperative Evaluation 


All patients had a detailed neurological examination 
when they awakened from anesthesia. They remained in 
the Intensive Care Unit for 24 hours during which time 
postoperative retinal artery pressure and oculoplethys- 
mometric readings were obtained. Neurological function 
was evaluated twice daily thereafter. Since the availability 
of digital subtraction venous angiography, all patients have 
had this exam prior to hospital discharge. 


Results 
Intraoperative Blood Flow Measurements 


The summary of cerebral blood flow measurements 
performed prior to occlusion, with shunting, and following 
endarterectomy is summarized in Table | for patients 
operated under the three major anesthetics used during 
the period of this report. Additional cases operated under 
a variety of anesthetic agents are not included in this table 
as the anesthetic agent has considerable bearing on ce- 
rebral blood flow measurements. There is a statistically 
significant difference in blood flows among comparable 
grades of patients operated on under these three anesthetic 
agents. There is also a significant difference between the 
baseline and occlusion flows in the Grade IV group of 
patients when they are compared to the better risk (Grade 
I and II) patients operated on under that same anesthetic 
agent (p < 0.05). Thus, the high risk group had both mar- 
ginal baseline perfusion and inadequate collateral flow. 

The frequency of shunt use according to the anesthetic 
agent employed and the grade of the patient can be de- 
termined by comparing the number of patients in whom 
shunt measurements were obtained to the number of pa- 
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Fics. 1A-C. A. Common carotid artery is occluded with soft shoed Fo- 
gerty clamp and the external and internal carotid arteries with temporary 
microvascular clips. Arteriotomy is made in common carotid artery and 
extended with Potts scissors into the internal carotid artery beyond the 
limit of the plaque. B. Distal limit of plaque is identified and separated 
from wall of internal carotid artery using small spatula or other similar 
dissecting instrument. Usually, the plaque breaks readily from wall of 
internal carotid artery but if it extends diffusely into thickened intima, 
a circular tear can be created by incising the lip of intima on the margin 
of the arteriotomy and creating a circular tear with the spatula as indicated. 
C. Distal limit of plaque is now separated from distal internal carotid 
artery, and surgeon is in position to place a shunt. In patients in whom 
there is a sudden change in the EEG and a severe fall in blood flow with 
carotid occlusion, the shunt is placed prior to removal of the plaque 
from the internal carotid artery, but in most instances the plaque is 
removed from that vessel prior to placing the shunt. 
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Blood Row 


Fics. 1D and E. D. Shunt is now inserted into common carotid artery 
after the proximal stump of the internal carotid artery has been inspected 
and all debri removed with the suction unit. The common carotid artery 
is then affixed by one Rummel tourniquet and one vascular loop. E. 
Fogerty clamp is temporarily opened and a short burst of bleeding per- 
mitted out of the shunt to clear the shunt of air. Pre-wetting the shunt 
is advantageous as it minimizes the entrapment of air bubbles. Sundt 
Endarterectomy Shunts—V. Mueller. 
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Fics. IF and G. F. The shunt is now placed into the distal internal 
carotid artery. Having the proximal end of the shunt tethered in the 
common carotid artery facilitates placement of the distal end of the 
shunt. Backbleeding is minimized, as it is not necessary to remove the 
temporary clip until the orifice of the internal carotid artery has been 
occluded by the shunt. G. Shunt is in place and flow restored. 


tients in whom baseline measurements were obtained. The 
discrepancy between the number of patients having a 
postocclusion flow and the number of patients having a 
baseline flow relates to technical problems in delivering 
the indicator to the brain in patients with a very high 
grade stenosis (99.9%) or a physiological occlusion. The 


Plague 
removed from ICA 





Fic. 2. Placement of the external or loop-type shunt is similar to that 
described for the internal shunt except that here it is necessary to secure 
the distal shunt in place with a vascular loop or similar tourniquet. The 
advantage of the external shunt over the internal shunt is that it is easier 
to remove the distal plaque with the shunt in place than it is with the 
internal type shunt. The disadvantage is the length of the shunt tube and 
the theoretical objection that it would be more likely to have embolic 
complications during usage. We prefer the internal shunt and have used 
it in nine out of 10 cases, but in patients with a particularly long arte- 
riotomy the external loop shunt is a necessity. 
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TABLE 1. Cerebral Blood Flow According to Anesthetic Used and Grade of Risk 
Grade | Grade 2 Grade 3 Grade 4 
Time of 7 
Measurement N CBF SD N CBF SD N CBF SD N CBF SD 
= Halothane = 469 Cases 
Baseline 155 62 + 26 85 58 + 28 142 51421 80 49 + 20 
Occlusion 153 35+ 18 83 31419 144 26+ 16 77 244 14 
Shunt 43 44+ 15 40 S4 17 65 43+ 17 48 42412 
Postocclusion 156 69 + 27 86 69 + 26 144 61 + 23 83 61 +21 
Enflurane = 852 Cases 
Baseline 306 50 + 18 - IBI 44+19 198 42 + 18 140 37 +21 
Occlusion 303 28 + 13 179 23 + 13 194 21411 138 18+11 
Shunt 102 39 + 15 92 35 + 12 105 36 + 13 89 35 + 14 
Postocclusion 312 $1 + 18 185 SO + 19 205 48+ 19 150 50 + 22 
Isoflurane = 553 Cases 
Baseline 149 37 +15 118 36 + 20 165 32 + 13 86 28 + 14 
Occlusion 147 23 + 10 117 19411 163 18+ 10 85 16 + 08 
Shunt 39 27+ 8 45 31+ 9 71 26+ 9 53 30 + H 
Postocclusion 153 42 + 18 120 44+ 18 175 37+ 14 105 48 + 18 


N = number of cases. 
CBF = cerebral blood flow. 
SD = standard deviation. 


data from all three anesthetic agents are compiled in Table 
2. One finds that shunts were used in 30% of Grade I, 
45% of Grade II, 46% of Grade II, and 56% of Grade IV 
patients. Forty-two per cent of all patients were shunted. 
Table 3 summates the cerebral blood flow data from 
all three anesthetic agents during the period of carotid 
occlusion. During occlusion, cerebral blood flow fell to 
0-5 ml1/100 g/min in 3% of the cases, 5-10 ml/100 g/min 
in 9% of the cases, and 10-15 ml/100 g/min in 15% of 
the cases. Virtually all of these patients were shunted. In 
addition to these cases with flows clearly below what has 
been determined to be minimal perfusion requirements, 
~20% of patients had flows between 15-20 ml/100 g/min. 
A large number of these cases were also shunted, as many 
of these patients had preoperative alterations in the elec- 
troencephalogram indicating areas of marginal neuronal 
function. . ` 


Complications 


The type and frequency of complications are summa- 
rized in Tables 4 and 5, and the correlation of the type 


TABLE 2. Percent of Cases Shunted By Grade 


Grade Per Cent 
1 30 
2 45 
z 3 46 
4 56 


Total cases shunted: 42%. 


of complication with the severity of the neurological deficit 
is summarized in Table 6. Intraoperative embolization 
was the most common cause for a major stroke followed 
by postoperative occlusion. 


Embolization through a Functioning Shunt 


We have had four patients sustain electroencephalo- 
graphic abnormalities during placement or use of the 
shunt (an incidence of 0.5% of cases in which a shunt was 
used as 792 patients were shunted). Nevertheless, embo- 
lization through a functioning shunt is a significant risk 
and one which is high enough that we have not routinely 
employed a shunt. 

A documented case of embolization from this source 
occurred early in our series. In this patient, an EEG slow- 
ing from internal carotid artery occlusion was reversed 
with placement of a shunt. However, approximately 10 
minutes later, the EEG suddenly changed and remained 
abnormal. An angiogram performed on the table con- 


TABLE 3. Occlusion Flows in 1865 Endarterectomies* 


Occlusion Flow 
(ml1/100 g/min) Per Cent Total 
0 to 4 3 
5to9 9 
10 to 14 15 
15 to 20 20 


* Normal CBF = 50 to 55 ml/100 g/min. 
Critical flow (EEG changes) = 15 ml + 2, 
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TABLE 4. Results of Carotid Endarterectomy for Primary Stenosis* (January 1, 1972-December 31, 1984) 





Neurological Complications 





Intracerebral 











Ischemic Stroke Hemorrhage Mortality 
Transient en te Orage eee Ischemic Intracerebral Myocardial 

Grade Cases Deficit Minor Major Minor Major Stroke Hemorrhage Infarct Other 

I 632 5 4 l 0 0 0 i 0 0 

2 402 6 4 2 0 I 0 0 0 0 

3 549 10 3 4 1 i 0 1 9 2 

4 352 14 8 8 0 3 3 5 2 2 
Total 1935 35 19 15 l 5 3 7 Il 4 








* Overall, mortality approximates 1.3%, major morbidity 1%, and mi- 
nor morbidity 1%, and transient deficits 2% in patients with primary 
carotid stenosis. This does not include the Grade V group of 37 patients 
with preoperative occlusion and hemiplegia nor a group of 57 patients 


firmed multiple distal small-vessel occlusions. At the time 
the electroencephalographic abnormality occurred, ath- 
erosclerotic material was visualized traversing the shunt. 
It is presumed that this material rose from a very thick- 
walled common carotid artery proximal to the point where 
the shunt was placed. 

Another case of embolization occured early in our series 
at the time that flow was restored through the shunt. In 
this patient, atherosclerotic material was visualized in the 
shunt, and there is little doubt that it arose from debris 
in the stump of the common carotid artery that had floated 
into that area following the arteriotomy. This also oc- 
curred prior to the technique we currently use for placing 
a shunt. 


Embolization Unrelated to Shunt Use 


Vessel manipulation during exposure. Embolization 
during the induction of anesthesia or exposure of the ves- 
sels prior to carotid occlusion that results in a minor or 
major neurological deficit occurred in five cases in this 
series. In addition to these, there were an additional six 
patients in whom the EEG changed transiently and was 
presumably related to this cause. In these latter six pa- 





with recurrent disease. 
Morbidity + mortality by grade: Grade 1, <1.0%; Grade 2, 1.8%: 
Grade 3, 4.0%; Grade 4, 8.5%. 


tients, the cause could not be definitely identified, as the 
patients awoke from surgery with normal neurological 
function and the EEG returned to normal prior to the 
termination of the procedure. It is presumed that they 
had an on-the-table transient ischemic attack related to 
microemboli. 

Embolization afier restoration of flow. Embolization 
following restoration of flow and prior to closure, during 
emergence of anesthesia, or in the recovery room occurred 
in six patients. In two patients, this was attributed to the 
stump of an external carotid artery as a temporal artery 
pulse had initially been present and then vanished. In the 
other patients, the source of the emboli was attributed 
either to a failure to achieve a true, clean breakpoint of 
the plaque distally in the internal carotid artery or to a 
primary closure without patch grafting. In the latter case, 
patients were returned to the operating room for recon- 
struction. 


Ischemia from Occlusion without Shunting 


Five patients with marginal cerebral blood flow (15 + 2 
ml/100 g/min) during carotid occlusion who were not 


TABLE 5. Grade of Patient with Primary Stenosis Versus Type and Frequency of Complication 




















Type of Complication 
Infarct 
Grade Post- Intra- Post- Occlusion contralateral 
of Number operative operative operative Time carotid or Migraine Intracerebral Myocardial* 
Patient of Cases Occlusion Emboli Emboli Ischemia VB Variant Seizures Hemorrhage Infarction Othert 
I 632 4 3 1 1 I i 
2 402 3 3 2 i 3 1 l 
3 549 4 3 4 1 2 2 3 10 2 
4 352 4 6 3 3 3 4 10 8 2 2 
Total 1935 15 15 10 5 4 10 13 13 12 4 








* Includes only those leading to neurologic symptoms or death. + E.g., mesenteric artery occlusion. 
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TABLE 6. Type of Complication Versus Severity of Neurological Deficit (Primary Carotid Stenosis) 


No 


Etiology of Complication Deficit 


ICA occlusion 
Flow not restored I 
Flow restored 

Intraoperative emboli 

Postoperative emboli 

Ischemia occlusion time 


Intracerebral hemorrhage 
Myocardial infarction 
Other 


Total 1 


shunted because of technical reasons or surgeon’s choice 
awoke with a new deficit or an increase in a preoperative 
deficit. In these cases, the technician had failed to identify 
‘subtle EEG changes that were found by the electroen- 
cephalographer on postoperative evaluation of the trac- 
ings. Each of these cases had an abnormal baseline EEG 
(asymmetric), making it more difficult to identify addi- 
tional changes. In four of these cases, the deficit consisted 
chiefly of a decrease in the alternate motion rate in one 
hand and resolved in 2 to 4 hours. However, one patient 
sustained permanent impairment in hand dexterity. 


‘Postoperative Complications 


Postoperative occlusions. There were 15 postoperative 
occlusions, two of which were confirmed to be related to 
heparin-induced coagulability states with heparin anti- 
bodies identified, and two were probably from this cause 
but predated the availability of this test. Most of the other 
occlusions occurred in patients who were operated on 
early in the series without saphenous vein patch grafting. 
However, one asymptomatic occlusion occurred in a pa- 
tient from a dissection. This patient had had a physiolog- 
ical occlusion before operation with a carotid slim sign. 
When flow was restored at surgery, the vessel was observed 
to dilate to twice its previous diameter and moments later 
hemorrhage was noted in the wall of the vessel. The intima 
apparently had less elasticity and with time became 
atrophic. 

Postoperative emboli. Postoperative emboli were re- 
markably uncommon and when they did occur were mi- 
nor leading to a transient or minor deficit. This contrasts 
to those occurring during surgery or in the recovery room, 
which were often associated with a significant deficit. 

, Postoperative hyperperfusion complication. Complica- 
tions of hyperperfusion-seizures, intracerebral hemor- 
rhage, and migraine variants were related to postocclusion 
hyperemia, These most commonly occurred in Grade IV 


Transient Minor Major 
Deficit Deficit Deficit Death 
2 2 
6 2 2 
4 5 5 | 
4 6 
4 1 
1 3 
8 1 1 
9 3 1 
I 5 
1 11 
35 20 20 25 


patients with paralyzed autoregulation. They were; of 
course, unrelated to the use of a shunt. 


Discussion 
Reliability of Cerebral Blood Flow Measurements 


Normal cerebral blood flow (CBF) has been found and 
documented by a variety of sophisticated techniques to 
approximate 55 ml/100 g/min in normal awake, healthy 
subjects.'>-!” The type and level of anesthesia affects nor- 
mal CBF but with light levels of halothane and enflurane 
(Ethrane), blood flows are quite comparable to the awake 
state.* Under isoflurane (Forane) anesthesia, CBF is 
somewhat lower but so are the critical levels of flow."® 

The critical level of CBF required to maintain the elec- 
trical activity of the brain approximates 17-18 ml/100 g/ 
min under halothane, 15-17 under enflurane (Ethrane), 
and 12-15 under isoflurane (Forane) anesthesia.*:'® The 
critical level of flow required to maintain cellular integrity 
has been determined from laboratory studies and is gen- 
erally considered to approximate 10 ml/100 g/min.'? With 
blood flow betow this level, shifts in the ionic balance of 
the cell take place and it is felt that permanent damage 
frequently ensues with sustained reductions in flow of this 
severity. 

The CBF measurements used in these cases are 
uniquely free of artifact related to look-through and 
Compton scatter and thus are a magnitude removed from 
inhalation xenon'*? studies in terms of both accuracy and 
reliability.!”*°?! Cerebral blood flow determined by the 
intra-arterial injection of xenon’? is in fact the “gold 
standard” of CBF measurements, and that is the manner 
in which blood flow was determined in these patients.'®!” 
The true level of tissue ischemia during the period of oc- 
clusion is accurately determined by the techniques used 
in this study because xenon!” is injected into the arterial 
system prior to the temporary occlusion of the internal 
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carotid artery, and thus the indicator is delivered to the 
site predestined for ischemia before the vessel is occluded.‘ 
Accordingly, counts are recorded from the ischemic tissue 
and not from zones of marginal perfusion or areas of nor- 
mal flow deep to the regions of ischemia. This is distinctly 
different from CBF measurements using inhaled xenon!” 
in which an adequate amount of indicator cannot arrive 
in the area of compromised flow and in which counts are 
accordingly recorded from tissue deep to the area of isch- 
emia and thus fail to reveal the true severity of perfusion 
deficits.*'?? The blood flow measurements recorded in 
these studies have been found to be extraordinarily reliable 
and to correlate very closely with the continuous electro- 
encephalograms performed during the operation.*”° This 
is a unique clinical situation and one that is not duplicated 
by any other type of clinical study. It has afforded us the 
opportunity to correlate blood flows with changes in elec- 
troencephalograms and to determine critical levels of flow. 


Ischemic Tolerance of Neural Tissue 


The tolerance of neural tissue to ischemia varies with 
the duration and severity of the ischemia and with the 
preocclusion state of the brain.” Thus, normal brain is 
better able to withstand periods of ischemia than is brain 
previously damaged by ischemia and in which altered ce- 
rebral autoregulation is present.*? The true ischemic tol- 
erance of neural ischemia is variable and only some gen- 
eralizations can be made.*”*3-*5 Furthermore, in regions 
of marginal perfusion, blood flow is not homogeneous 
and areas of focal ischemia frequently lie adjacent to re- 
gions of adequate perfusion.’ From laboratory studies 
and clinical experience, it is known that the ischemic tol- 
erance of normal neural tissue to zero flow approximates 
4-8 minutes and possibly as long as | hour with flows of 
12-15 ml/100 g/min,**-*578 The shape of the curve be- 
tween zero flow and 12-15 ml/100 g/min is not definitely 
determined, but evidence suggests that this is a curvilinear 
function with there being little difference between zero 
flow and 5-7 ml/100 g/min. The slope of the curve is 
steeper as one approaches the level of 12-15 ml/100 g/ 
min.***4 Thus, except in rare instances, the surgeon can 
assume that previously normal brain will withstand 3-4 
minutes of ischemia, ample time to remove the plaque 
from the distal internal carotid artery (the only portion 
of the procedure in which the shunt admittedly interferes 
with the dissection), and thereafter place the shunt as de- 
scribed above. 


Risks of Shunt Versus No Shunt 


As indicated above, 3% of patients had blood flows with 
occlusion below 5 ml/100 g/min, and the great probability 
is that all of these patients would have sustained a cerebral 
infarction if the occlusion time exceeded 4 minutes. An- 
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other 9% of patients, those with flows between 5-10 ml/ 
100 g/min, would probably have sustained a cerebral in- 
farction if occlusion extended for as long as 15-20 minutes 
without cerebral protection. Ischemic tolerance of neural 
tissue for flows between 10-15 m1/100 g/min is undeter- 
mined, and there, of course, is some biological variation 
and dependency on preoperative neuronal function. It is 
our belief that many of these patients would have sus- 
tained a permanent cerebral infarction from any pro- 
longed period of occlusion and that the rest would have 
awakened with a transient deficit. This is not a minor 
consideration, as any period of sustained ischemia will 
damage cerebral autoregulation and predispose the patient 
to postoperative complications related to hypo- or hy- 
pertension. Thus, in our judgment, the 15% of patients 
with flows in this range would have been jeopardized 
without protection by shunting. This contrasts to a 0.5% 
risk of shunting. It is harder for us to make a strong case 
for shunting in patients with flows between 15-20 ml/ 
100 g/min, but we believe that shunting improves the 
safety in this group in that areas in the basal ganglia can 
sustain significant ischemic damage without altering the 
electroencephalogram. 


Shunting Versus Patient Grade 


It is clear from an analysis of Tables 1 and 2 that the 
higher risk patients had both lower baseline and occlusion 
cerebral blood flows than did the patients who were neu- 
rologically stable. Thus, there was both impairment of 
primary and collateral sources of blood flow. It is safe to 
conclude that the sicker the patient, the more likely a 
shunt will be required. 


Analysis of Complications 


The relative risks of shunting versus not shunting have 
been discussed above. However, it is worth emphasizing 
that the most frequent complications cited for the use of 
the shunt is that of embolization, and we found that most 
of the intraoperative emboli occur unrelated to the use of 
the shunt. Reliability of the EEG in identifying embolic 
complications during the operative procedure has been 
documented previously and thus we feel reasonably con- 
fident that this data is accurate. A second theoretical com- 
plication related to shunt use is “snow plowing” the distal 
intima.” This is more likely to occur with the use of cut 
pieces of tubing with sharp edges than with shunts man- 
ufactured for this purpose with molded ends. 

It is more difficult to correlate postoperative compli- 
cations with the use of a shunt during the operation as in 
general terms shunts were used in the sicker patients and 
the complications were more frequent in those individuals. 

A myocardial infarction was the primary cause of death. 
This occurred primarily in patients with serious cardiac 
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disease prior to surgery. The use of the shunt in this group 
of individuals makes it unnecessary that the peripheral 
perfusion pressure be raised during the period of tem- 
porary occlusion, and thus indirectly the use of an in- 
dwelling shunt during the operation offers some degree 
of cardiac protection. 

Postoperative hyperperfusion syndromes related to pa- 
ralysis of cerebral autoregulation include seizures, mi- 
graine variants, and intracerebral hemorrhages. These 
have previously been documented to occur in patients in 
whom there has been a substantial increase in cerebral 
blood flow during the operation,’ producing what has been 
referred to in laboratory studies as a “luxury—perfusion.””° 
These complications occurred most commonly in the pa- 
tients who were neurologically unstable, and in this group 
shunts were required in 56% of the cases. In our judgment, 
these complications might very well have been higher had 
a shunt not been employed because a period of intra- 
‘operative ischemia would further impair autoregulation 
and predispose these individuals to these types of prob- 
lems. It should be acknowledged, however, that this group 

‘of hyperperfusion complications are higher in our series 
than in any other reported in the literature. This may be 
in part related to our policy of not reversing heparin given 
during operation in order to inhibit the thrombogenicity 
of the endarterectomized surface for the first 4 critical 
hours following the procedure.’ Alternatively, it may be 
due to the large number of high-risk patients accepted for 
surgery in this series.‘ 


Comparing Reported Operative Series 


A comparison of surgical series according to the method 
of protection used at surgery is interesting but is probably 
an exercise of limited usefulness. Major differences in pa- 

“tient populations, the indications for surgery, methods of 
patient evaluation prior to and following surgery, the 
completeness and accuracy of case records, and the pres- 
ence or absence of an active role by a neurologist in the 
detailed preoperative and postoperative neurological 
evaluation of the cases makes such an analysis extraor- 
dinarily difficult.'*°7°?! Of special importance among 
these differences are the indications for carotid artery sur- 
gery. The management of the asymptomatic carotid 
plaque is controversial, with sound arguments on both 
sides of the issue.” However, in some institutions, the 
major indication for surgery is a carotid plaque, with or 
without neurological complaints, while in others the pri- 
mary indication remains focal neurological symptoms. 
This introduces a major bias in the comparison of various 

_Teports. 

The bearing of risk factors has not only been docu- 
mented by a number of studies but is simply a matter of 
common sense. Elective surgery in a 55-year-old patient 
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with an asymptomatic unilateral carotid stenosis who is 
in good health and without medical and neurological risk 
factors cannot be compared to that of emergency surgery 
in an obese 70-year-old patient with an ipsilateral stenosis 
and contralateral occlusion who is a heavy smoker with 
obstructive pulmonary emphysema, diabetic, actively 
symptomatic from coronary artery disease, and having 
crescendo transient ischemic attacks not controlled by 
heparin. One might reasonably expect a 1% risk of surgery 
in the former patient but not in the latter. In fact, the risk 
of surgery in the latter group has led some observers, ex- 
amining only surgical statistics, to advise against surgery 
in this type of patient. Yet, successful surgery in this latter 
case can be most dramatic and effective in altering the 
natural history of the illness.*® It is in this type of patient 
that monitoring techniques are particularly important 
and in whom shunting most frequently has been re- 
quired,4°39-44 
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PRIMAXIN inhibits virtually all clinical isolates, including aerobic 
and anaerobic gram-positive and gram-negative bacteria. 


Achromobacter spp. 
Acinetobacter spp. 
Actinomyces spp. 
Aeromonas hydrophila 
Alcaligenes spp. 
Bacteroides spp., 

including 

B.asaccharolyticus 

B.bivius 

B.disiens 

B. distasonis 

B. m 

B. melaninogenicus 

B. ovatus 

B. thetaiotaomicron 

B. vulgatus 
Bordetella 

bronchiseptica 
Campylobacter spp. 
Citrobacter spp. 
Clostridium spp., 

including 

C. perfringens 
Enterobacter spp. 
Escherichia al 
Eubacterium spp. 


Fusobacterium spp. 

Gardnerella vaginalis 

Haemophilus influenzae 

Haemophilus 
parainfluenzae 

Hafnia spp., including 
H. alvei 


Salmonella spp. 
Serratia spp., including 


S. liquefaciens 
S. marcescens 


Shigella spp. 
Staphylococcus aureus 


(PCNase + ) 


Klebsiella spp.,including Staphylococcus epider- 


K. oxytoca 

K. pneumoniae 
Listeria monocytogenes 
Moraxella spp. 
Morganella morganii 
Neisseria gonorrhoeae 

(PCNase +) 
Nocardia spp. 
Pasteurella multocida 
Peptococcus spp. 
Peptostreptococcus spp. 
Plesiomonas shigelloides 
Propionibacterium spp., 

including P acnes 
Proteus mirabilis 
Proteus vulgaris 
Providencia rettgeri 
Providencia stuartii 
Pseudomonas 

aeruginosa 


midis (PCNase + ) 


Streptococcus Spp., 


including 

Group A streptococci 

(S. pyogenes) 

Group B streptococci 

(S. agalactiae) 

Group C streptococci 

Group G streptococci 

Group D streptococci, 

including enterococci 

(S. faecalis) 

Streptococcus 
pneumoniae 

Viridans streptococci 


Veillonella spp. 
Yersinia spp., including 


Y enterocolitica 
Y pseudotuberculosis 


*In vitro susceptibility does not necessarily imply in vivo effectiveness. 


**Percent based on data reported from broth and agar dilution following NCCLS 
criteria for susceptibility: MICs =4ug/mL (fully susceptible) and MICs >4 to 8ug/ 
mL (moderately susceptible). Reference: Jones, R.N.: Review of the in vitro spectrum 


of activity of imipenem, Am. J. Med. 78(suppl. 6A):22-32, Table VI, Reference 22, 


June 7, 1985. 


PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some 


strains of Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, 


Streptococcus faecium, some strains of anaerobic corynebacteria, and some strains 


of Flavobacterium. 


As with other beta-lactam antibiotics, some strains of Pseudomonas aeruginosa may 
develop resistance fairly rapidly on treatment with PRIMAXIN. When clinically 
appropriate during therapy of Pseudomonas aeruginosa infections, periodic suscepti- 
bility testing should be done. 


Please see Brief Summary of Prescribing Information. 
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PRIMAXIN is useful in seriously ill hospitalized patients with 

infections of unknown etiology, mixed infections, and nosoco- HIGH i y 

mial infections. In clinical trials with more than 2,300 patients, 

PRIMAXIN has been shown to be highly effective in the follow- 

ing range of infections: 

LOWER RESPIRATORY TRACT INFECTIONS involving 9 spe- 

cies of bacteria including: Staphylococcus aureus (penicillinase-pro- 

ducing strains), Pseudomonas aeruginosa,* Serratia marcescens 

URINARY TRACT INFECTIONS (complicated and uncompli- RANGI ) Ol 
cated) involving 9 species of bacteria including: enterococci, 

Proteus vulgaris, Pseudomonas aeruginosa INFECTIONS 
INTRAABDOMINAL INFECTIONS involving 18 species of 

bacteria including: Staphylococcus epidermidis, enterococci, 


Pseudomonas aeruginosa, Bacteroides fragilis 


GYNECOLOGIC INFECTIONS involving 14 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), Bacteroides fragilis, Gardnerella vaginalis 


BACTERIAL SEPTICEMIA involving 8 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


BONE AND JOINT INFECTIONS involving 5 species of bac- 
teria including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


SKIN AND SKIN-STRUCTURE INFECTIONS involving 17 
species of bacteria including: Staphylococcus aureus (penicillin- 
ase-producing strains), enterococci, Pseudomonas aeruginosa 








ENDOCARDITIS involving Staphylococcus aureus (penicillin- 
ase-producing strains) 


*Although clinical improvement has been observed in patients with cystic 
fibrosis, chronic pulmonary disease, and lower respiratory tract infections 
caused by Pseudomonas aeruginosa, bacterial eradication may not necessari- 
ly be achieved. 


PRIMAXIN is contraindicated in patients who have shown hypersensitivity 
to any component of this product. Before initiating therapy with PRIMAXIN, 
careful inquiry should be made concerning previous hypersensitivity reac- 
tions to penicillins, cephalosporins, other beta-lactams, and other allergens. 
Ifan allergic reaction to PRIMAXIN occurs, discontinue the drug. Serious hyper- 
sensitivity reactions may require epinephrine and other emergency measures. 


Please see Brief Summary of Prescribing Information. 
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In clinical trials involving 1,723 patients, many with serious 
underlying diseases, PRIMAXIN demonstrated a low inci- GENERALLY 
dence of adverse experiences. 
Incidence of Adverse Experiences (20.3%) in 1,723 Patients WE 
Reported as Possibly, 

m ce’ TOLERATED- 
Experience Definitely Related 
Phlebitis/Thrombophlebitis/ S AFE j y 

Injection-Site Pain 3.8% 
= z PROFILE 
Diarrhea 1.8% 
== SIMILAR TO 
Rash and Urticaria 1.1% 
Fever 0.5% { EFAZOI IN 
Hypotension 0.4% 



































Seizure 0.4% 
Pruritus 0.3% 
Dizziness 0.3% 





Adult Dosage Recommendations: 250, 500, or 1000 mg q6-8h 


CNS adverse experiences such as myoclonic activity, confusional states, 
or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., 
brain lesions or history of seizures) who also have compromised renal 
function. However, there were rare reports in which there was no 
recognized or documented underlying CNS disorder. Close adherence 
to recommended dosage schedules is urged, especially in patients with 
known factors that predispose to seizures. 

Pseudomembranous colitis has been reported with virtually all antibiot- 
ics, including PRIMAXIN; therefore, it is important to consider its diag- 
nosis in patients who develop diarrhea in association with antibiotic use. 


Please see Brief Summary of Prescribing Information. 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 

Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY yanagnyiac. 
tic) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECE VING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with virtually a'l antibiotics, including 
PRIMAXIN; therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered 

Precautions: Genera/—CNS adverse experiences such as myoclonic activity, con- 
fusional states, or seizures have been reported with PRIMAX N. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions or 
history of seizures) who also have compromised renal function. However. there were 
fare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertility- Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight dacreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 
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Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity, 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
Studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
FRIMANN should be used only if the potential benefit justifies the potential risk 
to the fetus 

Nursing Mothers—It is not known whether this drug is excreted in human milk 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 

Pediatric Use—Safety and effectiveness in infants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated, Many of the 1723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions—Local adverse clinical reactions that were reported as 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (04%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions—The most frequently reported systemic adverse clini- 
Cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever 
(0.5%), hypotension (0.4%), seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal—pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
Salivation; CNS—encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache; Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus, Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia: Renal—oliguria/anuria, polyuria; 
Skin—erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, 
asthenia/weakness. 

Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic—increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH: Hemic—increased eosino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils; Flectrolytes—decreased serum sodium, increased potassium, 
increased chloride; Rena/—increased BUN, creatinine: Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
the maximum total daily dosage not exceed 50 mg/kg/day or 40 g/day, whichever 
is lower. 

How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. MSD 
For more detailed information, consult your MSD Representative ERCK 
or see Prescribing Information. Merck Sharp & Dohme, Division 

of Merck & Co., Inc., West Point, PA 19486 
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Among 1992 patients undergoing carotid endarterectomy from 
January 1972 through December 1984, 57 operations were per- 
formed in 51 patients for recurrent carotid stenosis. Thirty-four 
of these cases had undergone initial surgery at this institution 
while 23 had endarterectomy elsewhere. Fifty-two of the 57 op- 
erations were for symptomatic disease while five were for evi- 

* dence of a progressing lesion. All operative procedures were 
monitored with intracerebral blood flow measurements and con- 
tinuous electroencephalograms. Twenty-three patients required 
intraoperative shunting. There were no complications related to 
shunt usage or to the period of t mporary occlusion in patients 
who did not require shunting. Recurrent stenosis was related to 
intimal hyperplasia in 14 cases, recurrent atherosclerosis with 
interluminal thrombi or degenerated plaque in 27, unexplained 
soft thrombus in eight, proximal scarring in six, and to aneurysms 
in two. Intimal hyperplasia was the most common cause for rest- 
enosis within 2 years from the date of surgery and developed 
earlier in patients with a primary closure than in patients closed 
with a patch graft. The operative complication rate was 10.5% 
or 4 times the risk of surgery for primary atherosclerosis at this 
institution. Complications were attributed primarily to intra- 
operative and postoperative thromboembolic events related to 
apparent increased thrombogenicity of these vessels. The highest 
complication rate occurred in the group of patients undergoing 
surgery for thrombotic material in the internal carotid artery, 
either primary or with underlying atherosclerosis. There were 
no neurological complications in the group with myointimal hy- 
perplasia. The authors’ experience suggests that on-lay patch 
grafting without endarterectomy should be used in patients with 
myointimal hyperplasia. Patients with complicated recurrent 
atherosclerosis can be treated with endarterectomy and patch 
grafting, but interposition vein grafts should be considered in 
cases in which the vessels are extensively damaged by the re- 
current plaque or with an unexplained thrombus at the site of 
previous endarterectomy. 
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LTHOUGH THERE has been an increase in interest 
in recurrent carotid stenosis, the true incidence 
of this problem is yet to be determined.' Two 

large series have suggested that symptomatic recurrences 
are on the order of 1 to 2%.*> However, noninvasive test- 
ing has suggested that recurrent stenosis greater than 50% 
or occlusion occurs in 10 to 50% of patients undergoing 
a carotid endarterectomy with a primary closure,*"!° and 
routine follow-up digital subtraction angiography in ves- 
sels closed with a patch graft has identified a 4 to 5% 
recurrence rate (primarily at proximal end of endarter- 
ectomy) at the 2-year follow-up.'' Thus, it is necessary to 
distinguish between symptomatic and asymptomatic res- 
tenosis. 

It is generally recognized that surgery for recurrent ca- 
rotid stenosis is associated with a higher risk than surgery 
for primary disease, but the specific risk factors explaining 
this increased risk have not been identified.* We will con- 
sider these factors here in the framework of our surgical 
experience in 57 arteries reconstructed for recurrent ca- 
rotid stenosis. We will also correlate the time interval be- 
tween the initial surgery and recurrent disease with the 
method of closure at the first operation and the type of 
recurrence. This report should complement the very 
complete recent study by Das and coworkers on this sub- 
ject.!? 


Methods 
Case Material 


From January 1972 through December 1984, 57 vessels 
in 51 patients were reconstructed for recurrent carotid 
stenosis. During this same time interval, 1935 endarter- 
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Fic. 1. Following isolation of the carotid bifurcation, an arteriotomy is 
made in the common carotid artery and carried well distal to extension 
of plaque in the internal carotid artery. The vessel is routinely repaired 
with a saphenous vein patch graft. In some patients, a true plane of 
dissection between the recurrent plaque and the remaining vessel wall 
is hard to identify and the wall of the vessel fragments. In these cases, 
an interposition vein graft is advisable. 


ectomies were performed for primary atherosclerosis on 
our services. Thus, surgery for recurrent disease comprised 
approximately 3% of operations on the carotid artery. For 
the purposes of analysis here, each vessel will be considered 
a separate case so that the denominator for the study is 
57 rather than 51. 

Thirty-four cases had had initial surgery at this insti- 
tution while 23 had undergone surgery elsewhere. Thirty- 
one of the cases had had a primary arterial closure and 
26 had been repaired with a patch graft (24 with saphenous 
vein graft and 2 with Dacron® patch). Nineteen of these 
recurrent stenoses occurred in females and 38 in males. 
This sex ratio approximates the differences in sex among 
patients undergoing surgery for primary carotid stenosis 
at this institution (30% female). 

Twenty-six operations were performed for transient 
ischemic attacks (TIA’s), many of which were crescendo, 
four for a recent minor cerebral infarction with or without 
superimposed TIA’s, nine for amaurosis fugax, two for a 
progressing stroke, two for acute occlusion following an- 
giography, seven for generalized cerebral ischemia (global 
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or nonfocal ischemia), and two for aneurysms. Five pa- 
tients underwent surgery because of a changing bruit with 
a dangerous appearing plaque on angiography, a pro- 
gressive reduction in retinal artery pressure measurements, 
or nonspecific symptoms such as a pulsatile tinnitus. Six 
patients had occlusion of the opposite carotid artery. 


Intra-operative Monitoring 


All patients were monitored with intraoperative cerebral 
blood flow measurements and continuous electroenceph- 
alograms. It was possible to document the probable source 
for intraoperative complications through these monitoring 
techniques. These methods have been described previ- 
ously in detail. Intraoperative shunting was required in 
23 cases. 


Surgical Technique 


Forty-four of these cases were reconstructed with end- 
arterectomy (including three cases in which a segment of 
vessel was resected or plicated) and a saphenous vein patch 
graft (Fig. 1), 7 with on-lay patch graft without endarter- 
ectomy (Fig. 2), four with an interposition vein graft (Fig. 
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Fic. 2. In many cases with myointimal hyperplasia, the distal extension 
of the tissue hyperplasia blends imperceptibly with normal intima making 
it difficult or impossible to achieve with endarterectomy a distal break- 
point without a ledge. In these cases, an on-lay patch graft without end- 
arterectomy is advisable. The running suture should purchase a full 
thickness of the vessel wall. 
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3), one with an interposition Dacron graft, and one with 
an interposition bovine graft. 

In cases in which a saphenous vein patch graft was used 
for reconstruction, the common and internal carotid ar- 
teries were isolated proximally and distally to the site of 
previous surgery and thereafter the carotid bifurcation was 
approached. With few exceptions, all vessels were sur- 
rounded with dense scar that made it very difficult to de- 
lineate the carotid bifurcation and to separate it from sur- 
rounding soft tissue. We have found that it is easier to 
expose the lateral aspect of the bifurcation, and, accord- 
ingly, after the proximal and distal vessels have been iso- 
lated, dissection is carried laterally. However, there was 
considerable variability from case to case, and, not infre- 
quently, the external carotid artery was identified and iso- 
lated before the internal carotid artery. The carotid artery 
was entered prematurely in seven cases, but this occur- 
rence, although complicating the dissection, did not cause 
any neurological deficits. 

The underlying pathology was myointimal hyperplasia 
in the seven cases reconstructed with on-lay patch grafting 
_ without endartectomy. In five of the six cases in which 
some form of interposition graft was used, the underlying 
pathology was recurrent atherosclerosis, which had essen- 
tially destroyed the vessel. One of the patients recon- 
structed with a saphenous vein patch graft had had Dacron 
patch grafting elsewhere with the development of a false 
aneurysm. Prosthetic grafts were used only when no suit- 
able veins were available in the patient. 


Postoperative Evaluation 


All patients had detailed neurological examinations 
daily after surgery. Retinal artery pressure measurements 
and/or oculoplethysmometric readings were obtained the 
morning after surgery. If these measurements were ab- 
~ normal, patients underwent immediate angiography. 


Results 
Time of Recurrence 


The interval between initial surgery and surgery for re- 
current stenosis is summarized in Figure 4. Fifteen cases 
of those occurring within 24 months were repaired with 
a primary closure and seven with a patch graft. Since 13 
of these 15 cases with primary closure had undergone 
initial surgery elsewhere, the population base from which 
they are drawn is undetermined. All recurrences in cases 
repaired with a vein patch graft had undergone initial 
surgery at this institution. We routinely use a saphenous 
vein patch graft to reconstruct the carotid artery following 
endarterectomy in patients with primary atherosclerosis; 
thus, over 90% of the 1935 endarterectomies for primary 
atherosclerosis, which forms the population base of this 
study, were repaired with a patch graft. 
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FIG. 3. In some cases, the bifurcation cannot be reconstructed and an 
interposition vein graft should be placed. A vein is preferable to a fabric 
graft. Interrupted sutures should be used for the graft and the ends fish- 
mouthed. 


Causes for Restenosis 


There were five general causes (Fig. 5) for restenosis: 

Myointimal hyperplasia. The primary cause for recur- 
rent stenosis was ascribed to myointimal hyperplasia in 
14 cases (Figs. 6 and 7). Thirteen of these cases had un- 
dergone initial surgery within 2 years prior to the date of 
the recurrent stenosis. One case had undergone initial 
endarterectomy 4 years previously. No intraluminal 
thrombi were identified in this group, and there were no 
operative complications in this group. 

The mean time interval for the developments of symp- 
tomatic myointimal hyperplasia in the 11 patients closed 
primarily at their initial surgery was 10.5 months and for 
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Fic. 4. Time interval between initial surgery and recurrent stenosis ac- 
cording to type of initial closure. Thirteen of the 22 cases with restenosis 
within 2 years of initial surgery had been closed primarily, but since 
most of these had undergone surgery elsewhere, the denominator is un- 
known. 
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Fic. 5, Distribution and incidence of five causes of restenosis according 
to time of occurrence. 


the three patients closed with a vein patch graft, 23 months 
(p < 0.0045 > 0.001). 

Recurrent atherosclerosis. A friable degenerating ath- 
erosclerotic plaque was identified in 27 cases. In virtually 
all these patients, the lumen was filled with soft material 
that was either thrombus or caseous, degenerated plaque 
(Figs. 8 and 9). In three cases the findings were localized 
to the distal end of the previous patch graft, but in the 
remaining cases the primary findings were in the bed of 
the previous endarterectomy. There were three operative 
complications in this group. 

Organized thrombus. An organized degenerating 





Fic. 6A. Postoperative digital subtraction angiogram (DSA) on November 
4, 1983, following a right carotid endarterectomy shows a good flow 
through site of repair. 
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FIG. 6B. DSA on August 6, 1984, shows intimal hyperplasia. Vessel was 
reconstructed with on-lay patch graft (see Fig. 7). 


thrombus without a major component of underlying ath- 
erosclerosis was found in eight cases (Figs. 8, 10, and 11). 
In two of these, the thrombus appeared to have arisen 
from an aneurysmal out-pouching in the posterior wall 





Fic. 6C. DSA on March 18, 1985, 7 months later, shows a good flow at 
bifurcation with no evidence of hyperplasia. 
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Fic. 7. Intraoperative photograph of the case with myointimal hyperplasia 
shown in Figure 6. Note full thickness purchase of vessel wall with the 
running suture used to sew graft into place. This prevents fragmentation 
of the hyperplastic tissue, which apparently is not thrombogenic. 


of the vessel and in two from an aneurysmal dilatation at 
the distal end of the previous vein patch graft. A minimal 
amount of myointimal hyperplasia was present in one 


Fic. 8. Typical angiographic appearance of recurrent atherosclerosis. 
However, at surgery, lesion was primarily a soft, partially organized 
thrombus with very minimal amount of atherosclerosis. 
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Fic. 9. Recurrent atherosclerotic plaque with a major component of 
soft, degenerated material. At surgery. lesion was primarily recurrent 
arteriosclerosis. 


case. In three vessels, the underlying intima appeared to 
be totally normal. Each of these three operations (two 
patients) was associated with a postoperative complica- 
tion. One patient was proven to have a clotting disorder 
(see below). 

Proximal scarring. Recurrent stenosis was attributable 
to restenosis at the proximal end of the endarterectomy 
in six cases. This restenosis occurred at the transition point 
between the endarterectomized segment of the vessel and 
thickened proximal atherosclerosis (Fig. 12). This reste- 
nosis was associated with dense cicatrix in all cases. A 
primary closure had been used in four of these cases and 
a patch graft in two of these cases for the initial operative 
procedure. There were no operative complications in this 
group. 

Aneurysm. One patient whose vessel had been initially 
closed with a saphenous vein patch graft returned 3!” years 
later with an aneurysm in the graft itself. This patient had 
undergone primary surgery at this institution. One patient 
who had undergone a Dacron patch graft repair elsewhere 
had a false aneurysm (Fig. 13). Neither of these patients 
had a complication. 
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FIG. 10A. Postoperative study of patient with hypercoagulability state 
reveals site of endarterectomy to be widely patent with no apparent 
thrombi, 


Operative Complications 


There were no operative deaths. However. there were 
four major strokes in the group and two minor strokes. 
Two patients had transient ischemic events that cleared 
prior to discharge from the hospital. There were two non- 





Fic. 10B. Same patient 2 years later now has areas of stenosis and possible 
soft thrombi within areas of endarterectomy in the internal carotid artery. 
Patient underwent surgery for recurrent symptoms (see Fig. 11). 
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FiG. 11A. Operative photograph of case described in Figure 10. Soft 
thrombus was found without evidence of recurrent atherosclerosis. Patient 
had hypercoagulable state. 


fatal myocardial infarctions. There were no complications 
attributable to the use of a shunt in the 23 cases in which 
shunting was required and none due to the period of tem- 
porary occlusion in the 34 cases that did not require 
shunting. Causes for postoperative or operative compli- 
cations could be ascribed to four major causes: 

Intraoperative embolization. Two patients had definite 
alterations in the electroencephalogram during exposure 
of the common carotid artery and prior to carotid occlu- 
sion. The underlying pathology was recurrent atheroscle- 
rosis in both cases. The lumen of the vessel was filled with 
caseous material in one and with soft thrombus super- 
imposed in a complex plaque in the other. Each of these 
patients awoke with a new deficit. The deficit largely re- 
solved in one patient, who was left with a minor hand 
apraxia. The other patient retained a moderate hemipa- 
resis. Postoperative angiograms were normal in both pa- 
tients. 





Fic. 11B. Underlying intima after removal of thrombus appeared normal, 
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Fic. 12A. Recurrent carotid stenosis from scarring at proximal end of 
endarterectomy. 


Postendarterectomy thromboembolism. In two cases 
(opposite sides in same patient), intracranial embolization 
occurred immediately following endarterectomy. In both 
vessels, the underlying pathology was recurrent athero- 
sclerosis with extensive stenosis and ulceration as well as 

: secondary friable intraluminal thrombus. The indications 
for surgery in both sides of this same patient were con- 
tinued transient ischemic attacks while on anticoagulants, 
these symptoms developing within a year of each other. 
The deficit largely cleared on one side but remained severe 
on the other. Immediate angiograms at the time of the 
ictus confirmed soft intraluminal thrombi in the endar- 
terectomy bed in both cases. Follow-up angiograms after 
a week showed a normal lumen. 

Occlusion at site of endarterectomy. There were two 
postoperative occlusions following endarterectomy. One 
of these was symptomatic and the other asymptomatic. 
At surgery, the primary finding was intraluminal throm- 
bus in both cases. One of these patients had a proven 
heparin-induced hypercoagulability state with a confirmed 
circulating antibody to heparin. The patient with the 
asymptomatic occlusion had undergone surgery for 
amaurosis fugax. The patient with the hypercoagulability 
state had undergone surgery for crescendo transient isch- 
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Fic. 12B. Appearance of vessel after proximal endarterectomy with patch 
grafting. It was necessary to resect clavicular head of sternocleidomastoid 
muscle. 


emic attacks. The latter patient was re-explored, and the 
entire bifurcaticn was thrombosed. She subsequently had 
multiple peripheral major vessel occlusions. 

One other vessel occluded 3 months into follow-up and 
required an extracranial to intracranial bypass. Postop- 





Fic. 13. False aneurysm in case with Dacron® patch graft closure 4 years 
earlier, Since surgery was done elsewhere, details of procedure were not 
available. 
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erative digital subtraction angiograms had been normal 
in this case. It is perhaps relevant that he had been treated 
with methysergide (Sansert®) for migraine headaches. 

Myocardial infarction with cardiogenic shock. One pa- 
tient had a major myocardial infarction 48 hours following 
surgery and at this time occluded an interposition Gortex® 
graft. 


Discussion 
Method of Closure Versus Restenosis 


The method of initial arterial closure versus the fre- 
quency of restenosis can only partially be determined from 
our case material, as a large number of the group had 
undergone initial surgery elsewhere and the population 
base from which they are drawn is undetermined. Closure 
with patch graft became our routine method of closure 
at this institution early in 1974. Since that time, over 90% 
of our endarterectomies have been closed with a saphe- 
nous vein patch graft. Primary closure has been reserved 
for those patients with a short plaque and an unusually 
large artery. 

Thirty-four of the restenotic vessels reported here had 
undergone their initial surgery at this institution. Nine of 
these had been closed primarily and 25 with a patch graft. 
Thus, approximately 27% of the cases with recurrent ste- 
nosis had been closed primarily from a population base 
in which 10% of the cases had been closed primarily and 
in these usually for a relatively uncomplicated case. In a 
group of our patients undergoing both routine postop- 
erative and 2-year follow-up digital subtraction angiog- 
raphy, we have found that saphenous vein patch grafting 
protects the internal carotid artery and the distal site of 
endarterectomy but does not protect the junction point 
between the endarterectomy and the common carotid ar- 
tery from recurrent stenosis. In that series, symptomatic 
restenosis occurred in 1% of cases within 2 years from 
surgery and asymptomatic restenosis in 4%.'! 

It is difficult to compare a series from one institution 
to another because of differences in indications for surgery, 
variations in the population base, and methods and tech- 
niques of follow-up. We believe that the immediate and 
long-term results of endarterectomy with patch grafting 
are superior to those of primary closure. However, we are 
in the minority, and only a few centers prefer this method 
of closure.'*-'° Excellent results with primary closure are 
reported by experienced surgeons,°”°-*8 and this is the 
common type of closure. Thus, the preferred method of 
closure is yet to be determined and may vary from case 
to case. 

Since most of the patients with myointimal hyperplasia 
(9 out of 14) had undergone initial surgery elsewhere, we 
cannot compare the incidence of myointimal hyperplasia 
to the type of closure, as the denominator is unknown. 
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However, it is possible to compare the time interval for 
the development of this complication, and here there is 
a clear difference in favor of vein patch grafting. The mean 
time interval of 10.5 months for recurrent stenosis from 
this cause in our group is less than the 21 months reported 
by Das et al.'* This difference may be related to the fact 
that most of the patients in the Cleveland Clinic group 
had undergone initial surgery at that institution with a 
technically superior closure. Most of our group had un- 
dergone surgery elsewhere with a variety of methods. 


Operative Complications 


Our complications of surgery for recurrent stenosis are 
approximately four times higher than they are for surgery 
in patients undergoing endarterectomy for primary ath- 
erosclerosis. They are also more frequent than in the group 
of 65 re-operations reported by Das et al.!2 However, ap- 
proximately one-half of the patients in that series were 
asymptomatic. Our monitoring techniques reliably indi- 
cate the need for shunting during the period of temporary 
occlusion and the occurrence of intracranial emboliza- 
tion.” There were no complications attributable to the 
period of temporary occlusion or to the use of a shunt. 
There were two primary causes for complications in this 
series: 

Embolization from a sofi thrombus in the lumen of the 
vessel. This is more likely to occur in cases with recurrent 
stenosis than it is in patients with primary stenosis because 
of the difficulty of isolating the bifurcation without ma- 
nipulation. Furthermore, 35 of the 57 cases had either 
soft thrombus or caseous material in the lumen of the 
vessel itself. This is a much higher incidence than occurs 
in patients with primary atherosclerosis. 

Thrombogenicity of endarterectomized vessel. It is ap- 
parent that in some cases recurrent stenosis is associated 
with increased thrombogenicity in the segment of the ves- 
sel involved with the recurrence. Postoperative throm- 
boembolic complications or occlusions are much higher 
in this series than in patients undergoing surgery for pri- 
mary atherosclerosis. 

Myointimal hyperplasia did not appear to be associated 
with increased thrombogenicity in the vessel wall. No pa- 
tients undergoing surgery for myointimal hyperplasia had 
operative complications. 


Causes for Restenosis 


The causes for myointimal hyperplasia and recurrent 
atherosclerosis are yet to be determined.' 29° For the rea- 
sons stated above, we believe myointimal hyperplasia is 
related to the excellence of the reconstruction. More puz- 
zling than these two entities is the presence of a soft 
thrombus apparently superimposed on relatively normal 
underlying endothelium. In one of our cases, this could 
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be explained by the heparin-induced hypercoagulability 
state, but in the others hemodynamic factors must be 
considered as a probable source along with unexplained 
changes in the vessel wall. Undetermined is how long the 
soft thrombus was present before the patients developed 
_ recurrent symptoms. 
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Mortality of patients with gastroschisis has decreased from 
nearly 90% to 13% (14 of 106) during the period from 1967 to 
1984, Coincident with advances in perioperative management, 
including parenteral nutrition and mechanical ventilation, has 
been the introduction of staged reduction of the viscera using 
prosthetic material. To assess the relative merits of primary 
closure, skin flap coverage, and silo reduction, operative treat- 
ment of 106 consecutive infants with gastroschisis was reviewed. 
Primary fascial closure was accomplished in 54 patients (52%). 
When fascial approximation resulted in excessive intra-abdom- 
inal pressure, the viscera were covered with lateral skin flaps in 
10 infants (10%), or the defect was closed after staged reduction 
with a prosthetic silo in 40 infants (38%). Detailed analysis of 
the hospital records revealed no significant differences between 
the primary closure, skin flap, and silo groups with regard to 
duration of ileus (22 + 25, 30 + 27, 31 + 30 days), length of 
hospitalization (39 + 36, 54 + 37, 53 + 39 days), or mortality 
(6, 20, 18%). Respiratory, septic, hemorrhagic, renal, and wound 
complications occurred in significantly fewer patients with pri- 
mary closure (36%) and skin flap coverage (30%) than in those 
with silos (68%) (p < 0.05). Postoperative mortality was 12% 
(12/104) and was most often due to respiratory insufficiency 
(35%) or nonviable small bowel (19%). Primary fascial closure 
may be accomplished safely in a majority of patients with gas- 
troschisis. However, no single operative strategy is ideal for all 
patients with gastroschisis, and initial treatment of individual 
defects should be tailored to the degree of visceroabdominal dis- 
proportion. 


ASTROSCHISIS is a congenital defect of the peri- 
umbilical body wall through which abdominal 
contents protrude. The eviscerated organs are 

not covered by skin, amnion, or peritoneal membranes. 
Although the embryologic distinction between gastros- 
chisis and omphalocele remains controversial, the dif- 
ferentiation is clinically useful. When compared to pa- 
tients with omphalocele, infants with gastroschisis less 
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frequently have other life-threatening anomalies and are 
virtually always candidates for definitive operative treat- 
ment. However, gastroschisis patients are more subject to 
prolonged ileus because of exposure of the bowel to am- 
niotic fluid during gestation. 

In 1943, Watkins reported the first successful reduction 
of a gastroschisis in the United States with primary fascial 
closure.* However, prior to the development of adequate 
mechanical ventilation for neonates, primary closure was 
considered hazardous due to respiratory and vascular 
compromise from elevated intra-abdominal pressure. In 
an attempt to delay reduction and still provide coverage 
of the viscera, Gross reported a method of skin flap cov- 
erage of three large omphaloceles in 1948.5 Even though 
mortality remained high and the infants were left with 
large ventral hernias, this technique was superior to al- 
ternatives of the day. Skin flap coverage was used fre- 
quently for the next 20 years® but less often as other al- 
ternatives were devised. 

As with other congenital anomalies, the survival of in- 
fants with gastroschisis was dramatically improved in the 
late 1960’s. Neonatal intensive care, particularly me- 
chanical ventilation and parenteral nutrition, was instru- 
mental in increasing the salvage of these infants. Coin- 
cident with these advances in postoperative management 
was the introduction of staged reduction of abdominal 
wall defects using prosthetic material. Schuster’s landmark 
paper of 1967 reported the progressive reduction of eleven 
omphaloceles using a “keel” or “reef” of Teflon® mesh.’ 
His technique was modified by Allen and Wrenn in 1969, 
who fashioned the prosthetic material into a “silo” or 
“chimney” and accomplished reduction by milking the 
prosthetic tube downward every | to 3 days.® Because of 


214 


Vol. 203 » No. 2 


the concurrent alterations in management, it remains un- 
clear whether the marked decrease in mortality that has 
occurred is due to the application of the silo annex or to 
general improvements in supportive care of the neonate. 
The choice of fascial closure, skin coverage, or place- 
ment of a prosthetic silo still depends on the surgeon’s 
subjective assessment of abdominal wall tension during 
attempted reduction. This leads to considerable variation 
in the treatment of gastroschisis.~'! Some authors feel 
that primary closure is infrequently possible and that a 
prosthetic annex should be used in virtually all cases.'!-!? 
Others contend that prosthetic material poses an unwar- 
ranted risk of sepsis and that most patients with gastros- 
chisis should be treated with skin flap coverage.'? There 
has also been recent recognition that the present sophis- 

` ticated management of ventilation and other aspects of 
perioperative care allows many of these infants to safely 
undergo a “snug” primary closure.'* To assess the relative 
merits of primary closure, skin flap coverage, and silo 
reduction, we have reviewed the surgical management of 
patients with gastroschisis in Portland, Oregon, since 1967. 


Material and Methods 

One hundred-six infants with gastroschisis were treated 
at the Oregon Health Sciences University, Emanuel Hos- 
pital, and Bess Kaiser Medical Center (Portland, Oregon) 
during the period January 1, 1967, to December 31, 1983. 
Patients with gastroschisis were differentiated from those 
with omphalocele by the absence of an investing sac of 
amnion and parietal peritoneum. Mention of membrane 
remnants at the border of the defect resulted in exclusion 
from the study, as such patients were considered to have 
had intrauterine rupture of omphalocele. Hospital and 
clinic records were reviewed. Particular note was made 

+- regarding morbidity and mortality following the use of 
various surgical options. 

Data are expressed as means + standard deviations or- 
as proportions. Statistical significance was determined by 
the t test for small sample size means or by z value analysis 
for proportions. Significance was inferred from a p value 
less than 0.05." 


Results 


There were 58 males (55%) and 48 females (45%). The 
average infant with gastroschisis weighed 2373 g (N 
= 105), had a gestational age of 37 weeks (N = 106), and 
had an abdominal wall defect measuring 4.09 cm (N 
= 76). Twenty-nine associated anomalies were found in 

_ 25 patients (24%); none were life threatening. Other 
- anomalies did not preclude definitive management of the 
gastroschisis in any patient. The most frequently asso- 
ciated condition was small bowel atresia, which was pres- 


SELECTIVE MANAGEMENT OF GASTROSCHISIS 


215 


ent in eight patients (8%). Except for one patent ductus 
arteriosus, all cardiac anomalies were inconsequential. 

Preoperative preparation included correction of de- 
hydration, acidosis, and hypothermia, as required. Pa- 
tients were taken to the operating room within a few hours 
of birth except when delayed by transport from an outlying 
hospital. 

Two infants were found on exploration to have a length 
of nonviable small bowel judged to be incompatible with 
survival. One of these had multiple small bowel atresias 
and necrotic bowel from the duodenum to the ileocecal 
valve. The dead bowel was resected, the abdomen closed, 
and the infant died 7 days later. The second infant un- 
derwent resection of necrotic bowel from the ligament of 
Treitz to the transverse colon and died at 24 days of age. 
Both of these patients evidently had torsion or kinking of 
the elongated mesentery in utero, during delivery, or be- 
fore operation. which resulted in unsalvageable infarction 
‘of intestine. These two cases have been excluded in all 
consideration of data that follows. - 

In 104 patients, the choice of surgical procedure was 
determined during operation by the surgeon’s assessment 
of abdominal wall tension during attempted reduction. 
Primary fascial closure was accomplished in 54 patients 
(52%). When fascial approximation resulted in excessive 
intra-abdominal pressure, the viscera were covered with 
skin flaps in 10 infants (10%), or the defect was closed 
after staged reduction with a prosthetic silo or reef in 40 
infants (38%). As a general rule, prosthetic material was 
used when neither fascia nor skin could be closed. The 
three operative groups were statistically equivalent with 
regard to birth weight, defect size, gestational age, and 
incidence of associated anomalies (Table 1). 

A postoperative or intraoperative event was defined as 
a complication when it significantly altered the infant’s 
outcome or hospital course. Table 2 tabulates the raw 
numbers of complications in the three operative groups. 
Several patients had two or more events, which accounts 
for the total complications being greater than the number 
of patients in each group. Bowel complications included 
stricture, fistula, perforation, and necrotizing enterocolitis. 
Infants who were re-explored for clinical deterioration and 
found to have infarction of the midgut incompatible with 
survival are listed separately. Skin infections, suture ab- 
scess, and premature prosthesis separation or dehiscence 
were included as wound complications. Sepsis was doc- — 
umented with positive blood cultures. Pulmonary com- 
plications included aspiration, pneumothorax, “respira- 
tory distress syndrome,” prolonged respiratory insuff- 
ciency with ventilator dependence, and multiple apneic/ 
bradycardic spells. Renal failure had a high mortality and 
was most frequently associated with multiple systems 
failure in patients with infarcted bowel or prolonged re- 
spiratory insufficiency. Significantly more infants incurred 
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TABLE 1. Patients Were Not Selected for Primary Closure, Skin Flap 
Closure, or Prosthetic Silo on the Basis of Gestational Age, 
Birthweight, or Size of the Abdominal Defect 











Procedure 
Primary Prosthetic 
Closure Skin Flaps Silo 
(N = 54) (N = 10) (N = 40) 
Gestational age 37 +3 38 +4 38 +2 
(in weeks) (N = 54) (N = 10) (N = 40) 
Birth weight 2420 + 569 2281 + 471 2362 + 539 
(in g) (N = 54) (N = 10) (N = 39) 
Defect size 3.88 + 1.07 3.56 + 1.24 4.56 + 3.62 
(in cm) (N = 34) (N = 9) (N = 32) 
Associated 
anomalies 
(# of pa- 
tients (%)) 11 (20%) 1 (10%) 11 (28%) 





complications in the prosthetic silo group (68%) than in 
the primary closure (39%) or skin flap (30%) group (p 
> 0.05). Silos that were complicated by separation, sepsis, 
or bowel perforation were in place an average of 8.0 days, 
while uncomplicated silos were removed in an average of 
8.3 days. 

Overall mortality was 12% (12/104) but tended to be 
lower in the primary closure group (6%, 3/54) than in the 
skin flap (20%, 2/10) or prosthetic silo (18%, 7/40) group. 
These differences were not statistically significant (p 
= 0,12, p = 0.06). As expected, particularly high mortality 
was found in infants with premature gestational age (<35 
weeks, 62%), low birth weight (<2000 g, 30%), large defect 
size (>5 cm, 50%), complicated postoperative course (one 


TABLE 2. Complications Occurred in Each Group of Patients But Were 
Most Frequent in Patients Managed with Prosthetic Silos: Mortality 
Was Highest in Patients with Bowel Infarction 
Hemorrhage, and Renal Failure 





Primary Prosthetic 
Complications Closure Skin Flaps Silo Mortality 
Bowel 10 2 li 2/19 (11%) 
Bowel in- 2/2 
farction 0 1 1 (100%) 
Wound 3 1 7 1/10 (10%) 
Sepsis 3 1 6 1/10 (10%) 
Pulmonary 10 1 13 7/20 (35%) 
Renal failure 1 i 3 4/5 (80%) 
2/2 
Hemorrhage I 0 I (100%) 
Total compli- 
cations 28 7 42 
Number of 21/54 3/10 27/40 
patients (39%) (30%) (68%) 
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TABLE 3. Survival, Ventilator Requirements, Duration of lleus, and 
Length of Hospitalization Were Not Significantly Different 
in the Three Treatment Groups 











Primary Prosthetic 
Closure Skin Flaps Silo 
Survival (%) 51/54 (94%) 8/10 (80%) 33/40 (83%) 
Ventilator (%) 37/51 (73%) 5/8 (63%) 17/33 (52%) 
Days on 3.08 + 1.82 5.60 + 4.16 4.59 + 4.23 
ventilator (N = 37) (N = 5) (N = 17) 
Heus (in days) 22 + 25 30 +27 31 + 30 
(N = 51) (N = 8) (N = 33) 
Hospitalization 39 + 36 54 + 37 $3 + 39 
(in days) (N = 51) (N = 8) (N = 33) 








or more complications, 24%), and associated anomalies 
(one or more anomalies, 28%). 

Cesarean section was associated with a higher mortality 
(38%, 6/16) than vaginal delivery (9%, 8/90). Mortality 
in infants delivered by section was typically related to 
specific indications, including breech presentation (3/4), 
fetal distress (1/4), and premature rupture of membranes 
(2/2). No mortality occurred after sections performed for 
cephalopelvic disproportion (N = 1), placenta previa (N 
= 1), prior section (N = 3), or unknown indications (N 
= 1). Thus, mortality appeared to be related to the con- 
dition of the infant rather than the mode of delivery. Since 
cesarean sections were performed for indications other 
than the presence of gastroschisis, these data do not ad- 
dress the desirability of elective section for a prenatal ul- 
trasound diagnosis of gastroschisis. However, no morbid- 
ity or mortality was directly attributable to vaginal delivery 
in this series. 

Review of the operative deaths revealed that most in- 
fants died from respiratory insufficiency or bowel infarc- 
tion. Four infants expired within 48 hours from prema- 
turity and severe respiratory distress syndrome or aspi- 
ration. A fifth had a prolonged hospital course with 
eventual multiple systems failure, including pulmonary 
insufficiency, sepsis, renal failure, and bowel fistulae. Two 
infants had infarction of the midgut discovered at re-ex- 
ploration following skin flap coverage in one and a silo 
in another. “Intractable acidosis” was cited as the primary 
cause of death in two infants who became too unstable 
to allow reoperation prior to expiration. Presumably, in- 
farcted bowel was the cause of this profound acidosis. 
One of these infants had a silo and the other had a tight 
primary closure that was converted to a silo because of 
respiratory insufficiency and compression of the vena 
cava. One infant died on the 56th day of life of intra- 
abdominal sepsis due to bowel perforation from necro- 
tizing enterocolitis. Uncontrollable hemorrhage accounted 
for two intraoperative deaths. 
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The hospital course in survivors of gastroschisis is il- 
lustrated in Table 3. Data from infants who died is ex- 
cluded since they had either very short or very long post- 
operative courses. Patients having primary closure more 
often required ventilatory assistance but for a shorter time 
than patients with prostheses. Total parenteral nutrition 
(TPN) was administered to all survivors for a period 
roughly proportional to the duration of ileus. TPN was 
typically started on the second to fourth postoperative 
day and continued 2 to 10 days beyond the establishment 
of gastrointestinal continuity. Infants with primary closure 
had a shorter average duration of ileus and length of hos- 
pitalization. Although the data indicate a shorter hospital 
course in infants undergoing primary closure, the differ- 


ence is not statistically significant when comparison is 


made between groups. 


Discussion 


The traditional criticism of primary fascial closure is 
that overly aggressive reduction can result in respiratory 
embarrassment or vascular compromise in the form of 
compression of the vena cava!® or bowel ischemia. This 
complication was recognized in one of our 54 primarily 
closed infants, Correction was attempted by conversion 
to a silo, but the patient showed progressive acidosis and 
rapid deterioration, probably secondary to ischemic bowel. 
Overall, fewer complications occurred after primary clo- 
sure than after silo reduction. Primary closures resulted 
in patients with a trend toward shorter duration of ileus 
and duration of hospitalization than occurred after the 
creation of silos or closure with skin flaps. The modest 
increase in ventilator dependence with primary closure is 
not generally viewed as a deleterious factor with modern 
pediatric respirators. Some authors suggest that all patients 
with gastroschisis may be primarily closed with paralysis 
and ventilator support.!* 

Although the number of infants with skin flap coverage 
was small, they resembled the primary closure patients in 
complication rate and the silo group in hospital course. 
These infants are necessarily left with large ventral hernias 
that require secondary repair. It has been suggested that 
these hernias gradually increase in size!’ and that the de- 
layed herniorrhaphy is accompanied by the same prob- 
lems of increased intra-abdominal pressure as primary 
closure.'® Our experience with ventral hernias following 
gastroschisis and omphalocele Shows that the defects re- 
main stable in size during follow-up of up to several 
years.'? In patients in whom fascial approximation is im- 
possible, skin flaps avoid the higher complication rate as- 
sociated with foreign material. 

Staged reduction with a prosthetic silo also involves 
multiple procedures but ideally completes the repair in 
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the initial hospitalization. Occasionally, the silo must be 
removed due to infection or dehiscence and the viscera 
covered with skin flaps. This problem reportedly is min- 
imized when reduction and prosthetic removal is accom- 
plished within 7 to 10-days.!'!* However, in our series, 
silo complications usually occurred within the first week. 
The larger number of wound and septic complications 
with silos reinforces the traditional reservations regarding 
the use of prosthetic materials. 

Especially troublesome are the two infants who expired 
from midgut infarction following skin flap coverage and 
silo placement. Since the attempted reduction was not 
particularly aggressive in either case, the circumstances 
suggest that the elongated mesentery may have been com- 
promised in the abdominal annex. In the case of silos, 
this problem may be addressed by slight enlargement of 
the fascial defect at the time of silo placement.’ Schuster 
originally proposed extending the fascial defect from xi- 
phoid to pubis during reef placement in gastroschises and 
ruptured omphaloceles.” This theoretically avoids com- 
promising the bowel or its mesentery where it passes 
through a small defect into the annex. Enlargement of 
the fascial defect with skin flap coverage commits the in- 
fant to the morbidity of a larger ventral hernia. 

Comparison of these results should be regarded with 
caution since the three operative groups were preselected 
on the basis of their perceived degree of visceroabdominal 
disproportion. Skin flap coverage or silo reduction was 
performed only when primary closure was judged im- 
possible. This selection for more difficult reductions may 
account for some of the higher complication rate observed 
with silo reduction. In addition, assessment of intra-ab- 
dominal pressure has been accomplished subjectively in 
this as in most centers. Documentation via intragastric 
manometry may provide more standardized guidelines 
for treatment in the future.” 

Review of the current literature on gastroschisis shows 
that the proponents of the three treatment options report 
similar results with their respective techniques.” !* Like- 
wise, the present review indicates that primary closure, 
skin flaps, and silos have been selectively applied with 
roughly equal success during the past 17 years at our in- 
stitutions. Therefore, the dramatic increase in gastroschisis 
survival during the 1960’s may be more attributable to 
advances in general neonatal care than to the development 
of a particular surgical technique. Regardless of the op- 
erative treatment, the major indicators of poor prognosis 
continue to be prematurity, low birth weight, and large 
defect size"! — 

While primary fascial closure may be accomplished in 
a majority of these patients with minimal morbidity, no 
single operative strategy is ideal for all infants with gas- 
troschisis. The initial treatment of individual defects 
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to the degree of visceroabdominal disproportion. 
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oxycodone HCI* 5.0 mg, acetaminophen 500 mg 
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Brief Summary of Prescribing Information 
DESCRIPTION: Each capsule contains: 


Oxycodone Hydrochloride: OSiR wig te 3 5mg 
Warning— May be habit forming. 
Acetaminophen... . 500 mg 


CONTRAINDICATIONS: TYLOX capsules should not be 
administered to patients who have previously exhibited hyper- 
sensitivity to oxycodone or acetaminophen. 

WARNINGS: Drug dependence: Oxycodone can produce 
drug dependence of the morphine type and, therefore, has the 
potential for being abused. Psychic dependence, physical de- 
pendence, and tolerance may develop upon repeated adminis- 
tration of TYLOX capsules, and they should be prescribed and 
administered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. Like 
other narcotic-containing medications, TYLOX capsules are 
subject to the Federal Controlled Substances Act (Schedule Il). 
PRECAUTIONS: General: Head Injury and Increased Intra- 
cranial Pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid pressure 
may be markedly exaggerated in the presence of head injury, 
other intracranial lesions, or a pre-existing increase in intra- 
cranial pressure. Furthermore, narcotics produce adverse reac- 
tions which may obscure the clinical course of patients with 
head injuries. Acute Abdominal Conditions: The administration 
of TYLOX capsules or other narcotics may obscure the diagno- 
sis or Clinical course in patients with acute abdominal condi- 
tions. Special Risk Patients: TYLOX capsules should be given 
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with caution to certain patients such as the elderly or de 
bilitated, and those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and prostatic 
hypertrophy or urethral stricture 

Information for Patients: Oxycodone may impair the men 
tal and/or physical abilities required for the performance of 
potentially hazardous tasks such as driving a car or operating 
machinery. The patient using TYLOX capsules should be 
cautioned accordingly. 

Drug Interactions: Patients receiving other narcotic 
analgesics, antipsychotics, anti-anxiety agents, or other CNS 
depressants, including alcohol, concomitantly with TYLOX 
capsules, may exhibit additive CNS depression due to the 
oxycodone component. When such combined therapy is con 
templated, the dose of one or both agents should be reduced 
The use of MAO inhibitors or tricyclic antidepressants with 
oxycodone preparations may increase the effect of either 
the antidepressant or oxycodone. The concurrent use of anti- 
cholinergics with oxycodone may produce paralytic ileus. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 
No long-term studies in animals have been performed with 
oxycodone to determine carcinogenic and mutagenic poten- 
tial, or effects on fertility. Acetaminophen has been found to 
have no mutagenic potential using the Ames Salmonella 
Microsomal Activation test, the Basc test on Drosophila germ 
Cells, and the Micronucleus test on mouse bone marrow. In 
animals, acetaminophen has not been evaluated for carcino- 
genic potential or for effects on fertility. 





Pregnancy Category C. Animal reproductive studies have not 
been conducted with TYLOX. It is also not known whether 
TYLOX can cause fetal harm when administered to a pregnant 
woman or can affect reproductive capacity. TYLOX should be 
given to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether the components 
of this drug are excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when 
TYLOX is administered to a nursing woman 

Pediatric Use: TYLOX capsules should not be administered 
to children 
ADVERSE REACTIONS: The most frequently observed ad- 
verse reactions include lightheadedness, dizziness, sedation, 
nausea, and vomiting. These effects seem to be more promi- 
nent in ambulatory patients than in non-ambulatory patients, 
and some of these adverse reactions may be alleviated if the 
patient lies down. Other adverse reactions include euphoria, 
dysphoria, constipation, skin rash, and pruritus. At higher 
doses oxycodone has most of the disadvantages of morphine 
including respiratory depression 

For information on symptoms and treatment of overdosage, 
see full prescribing information 

Full directions for use should be read before administering or 
prescribing 3/20/85 
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Extends single-drug reach 
in empiric therapy of 
postoperative infections 


Clinically proven highly effective against the important gram-positive 
and gram-negative pathogens, including Enterobacteriaceae, 
Staphylococcus and Pseudomonas, major sources of 


E bacterial septicemia E nosocomial pneumonia 
E postsurgical wound infection E complicated UTI 





FORI ‘laxo 


ceftazidime for injection 


Today’s rational choice 
for empiric therapy 


E Clinical success in 93% of patients (68% cured; 
25% improved)* treated for a wide range of infections. 


E As effective as the aminoglycosides alone or in 
combination, without exposing the patient to possible 
aminoglycoside toxicity. 


E Exceptionally well tolerated...safety profile similar to 
first-generation cephalosporins.* 


E The outcome of 6 years of intensive research by Glaxo. 


*Cured: Clinical findings subsided in a reasonable period of time with no clinical evidence of infection 
at the time the drug was discontinued or during follow-up. Improved: Clinical findings subsided 
significantly in a reasonable period of time but with incomplete resolution of evidence of infection, 
or relapse during follow-up, possibly related to underlying disease state. 

‘For a listing of all adverse reactions, please see brief summary. 

Please see brief summary of Prescribing Information on following page. 
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FORTAZ cx 


ceftazidime for injection For intravenous or intramuscular use 
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Brie! summary. Batoro prescribing, consist compicte prescribing hntormatioa. 

INDICATIONS AND USAGE 

RTAZ® is indicated for the treatment of patients mth infections caused by susceptible sirains of the 

pills anisms in the diseases listed below. 

1, Lower Tract befections, including pneumonia, caused by Pseudarmones and other 
species; Haemophius influenzae, including ampiciliin-resistant Stains, Polis species; 

Enterobacter species; Proteus mirada; Escherichia cof; Serratia species; Citrobacter sp 
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2. Sida and Skin Stracture indections, caused by £ robes spad coor plant ies, 

Be eT eee yee er 
susceptible s and S, pyogenes motytic $ 

a Urinary Traci infections, both botn caplet ang unomi jcatod, caused by P montes P a0ruginosa; Enterobactar 

species: Proteus species, Incauding Parables Proteus; Kehselia specias; and E cod. 

4 Baclarial Sepicamia, caused by aeruginosa: Kebsieiia pedes, H infenzae: E. col: species: S. 


preernoniss and 3 aureus methidiiin-susceptible strains 
5 ne and int intoctane: caused by AAAA abet species: Enterabecter spocias: and S. aureus 
m-sssceptible strai : 


nethi ns 
& aa TE Including endomatritis, petic cellulitis and other infections of the temale genital 


coll, 
7. Ietra-Abdorminal isfactions, inckuding p peritonitis caused by E cok, Alsbsiatia species; S suras 
(nethicifin-s tsceptible strains); an licrobkal infections caused by aerobic and anaerobic organisms, 
tnd Bacteroides species (many stralns of B. frags are resistant. 
& ne Nervous 


m Indecttens, including men caused by H. jafluenzae and Neisseria 
r jtidis, ORTAZ has also been used successtully in a Emitad numbar of cases of meningitis cue to P 
and S. prsuroniae. 


for bacterial cultures shoutd be obtained prior to in order to isolate and identify 
causative organisms and to determine their susceptibaity to ceftazidime. Therapy may be beaded betoro 
results of reyes studies are known; however once these results become ayallabie, the antibi 
treatment should usted accordingly. 
FORTAZ may be used alona in cases of confirmed or suspected sepsis. FORTAZ has been used succassfuily 
poiniei Wale as empiric therapy in cases where various concomitant therapies with other antibiotics have 


FORTAZ may lso be used concomitantly with othar antibiotice, such suchas tas aminoglycosides, vancomycin, 

din In, in severe and life-threatening Infections and In the immu patient. When ae 
trestmant is appropriate, pi information in the labeling for the othar antiblotics should 

te foDowed. The dose deponis on the severity ofthe infection and the pallen s condition. 

CONTRAINDICATIONS 

FORTAZ® is cont-aindicated in patients who have shown hypersensitivity to ceftazidime or the cephalosporin 

oup of antibiotics. 


WARNINGS 

BEFORE THERAPY WITH FORTAZ® SINS TTTUTED, CAREFUL INQUIRY rar BE MADE TO DETERMINE 
WHETHER THE PATIENT HAS HAD RSENSITIVITY REACTIONS TO CEFTAZIDIME, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. ANTI pons SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME OF ALLERGY, PARTICULARLY 10 DRUGS. 
THI5 PRODUCT SHOULD 8E G IVEN WI CAUTION TO PATIENTS WIMI YOE 1 INPERSENSITITY 

REACTIONS TO PENICILLIN IF AN eaten REACTION TO FORTAZ OCCURS, DISCONTINUE TREATMENT 
WITH THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 
EMERGENCY MEASURES. 


Pssudomembranous colts has bees reported with the usa of céphaloxperins fand siber broad-spectrom 
andiblotics}; theredere, R is important to consider Hs diagnosis Is SRE 
association wih antiniotic use. 

Treatment witn broad-spectrum antibtotics alters oral fore of the coun and may p permit ove 
ae Stees cows a 1d produced by eee ona bie s one pricy Giuse 

Mild casas of colitis may respond to drug aae o sbi 

with fuid, electrolyte, and protein. sppomenaton as indicated. When the coiis t on not miezd by 

drug inuance or when it is severe, oral in is the treatment of choice for antibtotic-assaciated 
pseudomembranous colitis produced ye aiche. Other causes of colitis should also be considered. 


RECAUTIONS 
FORTAZ® has not been shown to be nephrotoxic; however, because high and prolonged serum antibiotic 
concentrator e can ocak acar from usual doses in patients with transient 7 persistent reduction of urinary output 
becsusa of renal Insuliiency the tol HASTA should be reduced when ceftazidime is admimstered to 

such patients (see DOSAGE AND ADM wyatt dosage should be determined by degree of 
renal iy pier oe ofhieclon an sc liity of the causative organisms. 
thar entiblotics, prolonged use of FO RAZ ay eaultin overgrowth of nonsusceptible organisms. 

ankris evaluation ot tha pat condition is essent H superinfection occurs during therapy, appropriate 
measures should 

FORTAZ® should be prescribed with caution In indmiduats with a history of gastrointestinal! disease, 


particuarly cols 
rug maraehan: Neplirolaxicity has been reported following concomitant administration of ns 
with amin: antibiotics or patent diuretics, such as furosemide. Renal function shouid be ty 
monnored, Papectally I mona dosages of the Inoglycosides are to ba administered or if i theripyis 
ged, because Ube petonta piratory wid ototo of aminagtycosidic anti 

brotoxlcity and ototoxicity were not noted when FORTAZ® (ca ime (or mjectlon, a pee 
ea I ON tab 
Carcleogenssts, Mutagenesis, Impairment ol Ferilitty: Long-term studies in animals have not bean performed 
for rungende otoci potential. However, a mouss Micronucieus test and an Ames tast were both negative 


Usage In acy. Prepanacy Catagory E Reproduction studies have boon performed In mice and rats at 
este dose and have revealed no evidence of impalred fertility or harm to the fetus 

aie FORT, There are, however no adequate and well-controliad studies In pregnant women. so 

animal reproduction studies are nol ahvays predictive of human responsa, this drug should ba used during 


Femnancy ony I clearly needed, 
wars gre: Ceftazidime is excreted in human milk In low concentrations. Cautlon should be exercised 
RTAZ Is administered to a nursing woman. 

ADVERSE REACTIONS 
Heh ae generally weil tolerated. The Incidence of adverse reactions associated with the administration of 

RAZ was low in clinical trias. The most common were local reactions fol intravenous injection, and 

alse md psc reactions. Other adverse reactlons were encountered infrequently. No 
reactions were reported. The following adversa eects from clinical trials were considered to 

be either retated to ceftazidime fapy of ware of onconiain stiology: 
Local Effects, is aad in less than f patients, wors phisditls and inflammation at the site of injection 


in 39 patients) 
bed Reactions, reported in 2% of patients, were pruritus, rash, and fevec Immediate 
hypersensitivity reactions occurred In 1 In 285 patients. 
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nitrogen and/or serum creatinine were observed occasionally. Transient leukopenia, paeh 
thrombocytopenia and lymphocytosis ware seen very rarely. 


DOSAGE AND ADMINISTRATION k 
impaired Renal Faactlon: Ceftazidime 1s excreted re kidneys; almost exchisively by fittetion, 
‘Thpeetore. M patients wih impaired raqa! function ( NR is recomme that the di of 
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HOW SUPPLIED 
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Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space also is available for 
those desiring greater visibility or more space for their 
message. 


Classified ad copy, like other advertising copy, will be 
reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The 
average line will be 40 characters. 


Box Numbers: Replies may be directed via Box # to 
J.B. Lippincott Company, at an extra charge per insertion 
of $6.50 to cover handling costs in forwarding such 
replies to the advertiser. 


How to Order; Send typewritten text copy for the ad 
with remittance in full to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kim McLean 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4280 


Deadline: Copy received by the 15th of month will run 
in the second following month's issue, e.g. November 
15th for January issue. Ads received after the 15th will run 
in the next available issue. 
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MIDCOAST MAINE—Progressive hospital with aggressive 
posture is expanding rapidly and offers the truly outstanding 
physician/surgeon a challenging career opportunity coupled 
with an exceptional lifestyle. Moments to the ocean or nearby 
mountains with superb cultural attractions in area. Here’s an 
opportunity to practice good medicine in a great area. Current 
opportunities exist for: Family Practice/Internal Medicine, 
BC/BE preference Cardiology. General Surgeon, BC/BE 
preference Thoracic/ Vascular. Anesthesiologist, BC/BE. For 
more information or if you wish a “doctor to doctor” 
conversation, call or write to Peter Kidder, Bath Memorial 
Hospital, 1356 Washington Street, Bath, ME 04530. (207) 
443-5524, 





GENERAL SURGEON--NEW YORK STATE - Rapidly 
expanding, well-established HMO currently serving over 65,000 
members is seeking Board Certified, or Eligible General 
Surgeons. Our multispecialty staff, which includes Internal 
Medicine, Family Practice, Pediatrics, OB/ GYN, Orthopedics, 
ENT and others, is affiliated with teaching hospitals and a 
medical center, and potential exists for teaching opportunities. 
CHP is located in New York State’s capital district, an 
educational center within easy reach of Boston, Montreal and 
New York City. The area offers a variety of residential styles and 
abundant cultural and recreational options. Professionals enjoy 
attractive salary and fringe benefits. Address inquiries to 
Stanley E. Kilty, M.D., Medical Director, Community Health 
Plan, Inc., 1201 Troy-Schenectady Road, Latham, New York 
12110. Phone: (518) 783-3110. 





GENERAL-VASCULAR SURGEON BC/BE American 
trained to join 2 man private practice in the 
Capital-District/ Upstate N.Y. Salaried position leading to early 
partnership. Send CV to Box #ANN2A J.B. Lippincott 
Company, East Washington Square, Philadelphia, PA 19105. 





GENERAL SURGEON: Board-certified/ Board-eligible with 
interest or fellowship in surgical oncology to join expanding 
department in multispecialty group practice, serving 
fee-for-service and prepaid patients in Central Massachusetts. 
Send C.V. to: Medical Director, Fallon Clinic, Inc., 630 
Plantation Street, Worcester, Massachusetts 01605. 





SURGEON—Position available in a multi-specialty group for 
a General Surgeon with thoracic experience. Please contact 
Betty Boehmke, Administrator, at the Kishwaukee Valley 
Medical Group, S.C., 13707 West Jackson Street, Woodstock, 
Illinois 60098. g 





Chair, Department of Surgery, The Ohio State University 
College of Medicine. The successful candidate for the position 
of Chairperson, Department of Surgery, should have 
demonstrated leadership at the national and/or international 
level as an academic surgeon, clinical teacher, and investigator. 
In addition, he will need to have had experience or 
demonstrated skills as an administrator. The Ohio State 
University is an affirmative action /equal opportunity employer. 
Applicants please send a curriculum vitae and three references 
by February 28, 1986 to: Dr. Hagop Mekhjian, Chairman, 
Search Committee, Ohio State University Hospitals, Room 104 
Doan Hall, 410 W. 10th Avenue, Columbus, Ohio 43210. 





CHAIRPERSON DEPARTMENT OF SURGERY—The 
Permanente Medical Group is taking applications for the 
position of chairperson for the Department of Surgery at our 
Oakland Medical Center. The Oakland facility is a 330-bed 
acute care teaching hospital with a five-year general surgery 
residency program. The Surgery Department is composed of 
seven board certified general surgeons; two having completed 
vascular fellowships. Interested candidates must be board 
certified and prior experience with resident training programs 
preferred. Please send curriculum vitae to: Richard Brown, 
M.D., Chairman, Search Committee, Kaiser Permanente 
Medical Group, Inc., 280 W. MacArthur Blyd., Oakland, 
California 94611. 





PROFESSIONAL RESUME SERVICES. Curriculum vitae 
preparation for physicians. Prompt and confidential. Mailing 
services available. Call toll free 1-800-6-CAREER. In PA, (215) 
433-4112.. 





General/CV Surgeon: BC/BE wanted to join established 
practice in No. Va. area, Needed to assist surgeons in operative 
and perioperative care of cardiac/thoracic/ vascular patients. 
Please respond with curriculum vitae to VA Heart Surgery 
Assoc., 3301 Woodburn Rd., Suite 301, Annandale, VA 22003. 








Child Abuse 


An Update on Surgical Management in 256 Cases 





DONNA A. CANIANO, M.D.* BONNIE L. BEAVER, M.D. 


In the period January 1982—July 1984, 1512 cases of suspected 
child abuse were evaluated in the emergency department of a 
major children’s hospital, of which 256 (17%) required hospi- 
talization. Failure-to-thrive with caloric malnutrition was present 
in 66 (26%), burns in 56 (22%), central nervous system injury 
in 53 (22%), soft tissue trauma in 21 (8%), ingestions in 20 (8%), 
skeletal injury in 15 (6%), neglect of an underlying disease in 10 
(4%), sexual abuse in nine (3%), near-drowning in four (1%), 
and abdominal trauma in two (1%). Two-thirds of the children 
required surgical care and one-third of the surgical group needed 
operations. The majority of the patients were toddlers between 
18 and 36 months of age. A long hospitalization occurred with 
a mean stay of 9.3 days. Mortality was 7% for the entire group, 
but children with central nervous system injury had a much higher 
mortality (26%) and morbidity (21%). 


ONTEMPORARY SOCIETY recognizes child abuse 
as a serious medical and social problem. Twenty- 
three years ago, Kempe and colleagues! alerted 

physicians and the public to the “battered child syn- 
drome” as a distinct and far more common entity than 
previously realized. Although neglect of and violence to- 
ward the young have been recorded throughout history,” 
an organized approach to the medical, legal, social, and 
preventive aspects of child abuse are of recent origin. Pro- 
tean manifestations of child abuse have been documented: 
burns, trauma to the eyes, central nervous system, skel- 
eton, soft tissues, and viscera, ingestions, near-drowning, 
starvation, strangulation, sexual abuse, abandonment, 
neglect, and failure-to-thrive.? This study evaluates a ma- 
jor children’s hospital’s experience with child abuse with 
particular attention to types of injury that may need sur- 
gical intervention. 
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Methods 


The records of all patients with suspected child abuse 
who were examined in the emergency department of 
Children’s Hospital, Columbus, Ohio, from January 1, 
1982, to July 31, 1984, were reviewed. During this 31 
month period, 1512 cases of suspected abuse were eval- 
uated by a physician for emergency treatment and sub- 
sequently seen by a member of the Children’s Hospital 
Child Abuse Team, an interdisciplinary group composed 
of two physicians, seven social workers, one nurse, one 
psychologist, and one educator/researcher. 

Of the 1512 patients, 256 (17%) required hospitaliza- 
tion. Four children were admitted twice during the study 
period. Ten diagnostic categories were listed: abdominal 
trauma, burns, central nervous system (CNS) injury, fail- 
ure-to-thrive, ingestions, near-drowning, neglect, sexual 
abuse, skeletal injury, and soft tissue trauma. Children 
with failure-to-thrive, ingestions, neglect, and near- 
drowning were admitted to the pediatric medical service, 
while those with the remaining diagnoses were cared for 
by a pediatric surgical service (general, neurosurgical, or 
orthopedic}. 

The charts of the 256 hospitalized children were ana- 
lyzed for age, sex, and race of patient; diagnostic category 
of injury and number of systems affected; severity of injury 
by admission to the intensive care unit and receipt of 
blood transfusions; length of hospital stay; morbidity; 
mortality; operations performed; seasonal and monthly 
pattern of admission; family unit characteristics; suspected 
perpetrator of abuse; and placement following hospital 
discharge. e. 
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TABLE 1. Diagnosis in 256 Patients Hospitalized for Child Abuse 





Pediatric 


Medical Admissions Surgical Admissions 











Injury No. % Injury No. % 
Failure-to-thrive 66 26 Burns 56 22 
Ingestions 20 8 CNS injury 53 22 
Neglect 10 4 Soft tissue injury 21 8 
Near-drowning 4 l Skeletal injury 15 6 

Sexual abuse 9 3 
Total 100 39 Abdominal 
injury 2 l 
Total 156 61 
Results 


Sixty-one per cent (156) of the children were admitted 
to a surgical service for burns in 56 (22%), CNS injury in 
53 (22%), soft tissue trauma in 21 (8%), skeletal injury in 
15 (6%), sexual abuse in nine (3%), and abdominal trauma 
in two (1%). Thirty-nine per cent (100) of the patients 
were cared for on the pediatric medical service for failure- 
to-thrive in 66 (26%), ingestions in 20 (8%), neglect in 10 
(4%), and near-drowning in four (1%) (Table 1). 

Mean age of the 256 children was 2.1 years with a range 
from 2 days to 17 years. The majority of patients were 
between 18 and 30 months of age, although those with 
failure-to-thrive had a mean age of 0.8 years and those 
with soft tissue trauma and sexual abuse had mean ages 
of 4.2 and 6.6 years, respectively. There were 156 males 
and 100 females. White children numbered 153, and 103 
were black (Table 2). 

The mean age of the 56 children with burns was 1.9 
years (range: | month-12 years), of whom 39 were male 
and 17 were female. Mean body surface area of burn was 
8.4% (range: 1-60%). One-quarter of the patients had a 
body surface involvement between 1% and 5%, while one- 
half were between 5% and 10%. Most patients presented 
to the hospital with second degree burns, although nine 
children had third degree burns. The mechanism of burn 
included hot water scalding (39), contact with a hot object 


TABLE 2. Mean Ages and Sex of Children with Child Abuse 








Mean Age 
Diagnosis (Years) Males Females 

Failure-to-thrive 0.8 43 23 
Near-drowning 1.2 3 1 
CNS injury 1.5 25 28 
Burns 1.9 39 17 
Skeletal injury 2.0 14 i 
Neglect 2.5 4 6 

Abdominal 
trauma Q, 4) 2 — 
Ingestions 3.0 8 12 
Soft tissue trauma 4.2 16 S 
8 


Sexual abuse 6.6 l 
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(9), flame (6), and hot grease (2). Of the 39 hot water scald 
burns, buttocks, perineum, and lower extremity accounted 
for the majority of sites. Of the nine children burned by 
contact with a hot object, trunk and buttocks were the 
most frequent locations. Of the six patients involved in 
house fires, four were unattended by adults. In a partic- 
ularly tragic instance, two brothers were alone in a home 
deliberately set ablaze by their father. Three of these six 
children required endotracheal intubation for smoke in- 
halation injury. Debridement of the burn in the operating 
room and/or skin grafting was required in 19 patients. 
The mean length of hospitalization was 19 days (range: 
2-71 days). None of these children died. 

Of the 53 patients with injury to the CNS, mean age 
was 1.5 years (range: | month-12 years), with 28 girls and 
25 boys. Eight were dead on arrival to the emergency 
department, and six children died from their CNS injury 
within 48 hours of admission for a mortality of 26%. In- 
juries included cranial skull fracture (19), cerebral con- 
cussion (13), subarachnoid hemorrhage (3), epidural he- 
matoma (1), and cerebral edema (1). Two-system injuries 
(CNS and skeletal) occurred in 10 children, of whom six 
died. Three-system trauma (CNS, skeletal, and abdomi- 
nal) was present in two patients, both of whom were dead 
on arrival. Sixteen of the 39 survivors (28%) required op- 
erative procedures: Richmond Bolt for intracranial pres- 
sure monitoring (7), subdural tap (2), craniotomy with 
clot evacuation (2), ventriculoperitoneal shunt (2), ele- 
vation of depressed skull fracture (1), evacuation of sub- 
dural hematoma (1), and Broviac catheter for hyperali- 
mentation (1). Eight of the 39 survivors (21%) developed 
neurologic sequelae: seizure disorder im séven and a right 
hemiparesis in one. The mean hospital stay was 13 days 
(range: 1-53 days). 

The 21 children (16 males, 5 females) with soft tissue 
trauma sustained severe bruises to the face, neck, trunk, 
genitalia, buttocks, or extremities. Their mean age was 
4.2 years (range: | month—17 years). One developed a soft 
tissue abscess of the thigh requiring incision and drainage, 
and another required laryngoscopy under anesthesia fol- 
lowing attempted strangulation. The mean hospital stay 
was 5 days (range: 1-34 days). There were no deaths in 
this group. 

Fifteen patients incurred skeletal injury, with a mean 
age of 2.0 years (range: | month-17 years). Fourteen were 
male and one female. Bones fractured included femur (7), 
humerus (5), ribs (3), radius-ulna (3), mandible (1), clav- 
icle (1), tibia-fibula (1), and pelvis (1). One child had three 
skeletal fractures, and two patients had two bones frac- 
tured. External casting was performed in 10 and open 
reduction with internal fixation in three. The mean length 
of hospitalization was 5.5 days (range: 1-12 days). No 
children in this group died. 

Sexual abuse occurred in nine children, eight girls and 
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one boy, with a mean age of 6.6 years (range: 18 months- 
16 years). In all cases, patients were admitted either to 
undergo an examination under anesthesia to evaluate the 
extent of injury or for a definitive operative procedure. 
Three required repair of vaginal lacerations, and in an- 
other a darning needle was removed from the vagina. One 
girl had fulgaration of perineal condylomata acuminata, 
and the boy, a 6-year-old, had fulgaration of penile con- 
dylomata.: Their mean stay in the hospital was 2 days 
(range: 1-6 days). 

Two children sustained severe blunt abdominal trauma. 
A 2-year-old boy was kicked by his mother, admitted with 
pneumoperitoneum, and had a perforated rectosigmoid 
colon. A loop sigmoid colostomy with repair of the colonic 
laceration was performed. A 4-year-old boy was pushed 
from a second-story window by an older sibling and pre- 
sented in hypovolemic shock. His ruptured spleen was 
managed by splenorrhaphy. Both recovered from their 
injuries without complication. 

Failure-to-thrive with chronic malnutrition in the ab- 
sence of a diagnosed organic disease was present in 66 
patients, 43 males and 23 females, with a mean age of 0.8 
years (range: | week-—3 years). Either loss of weight (below 
third percentile) or absence of appropriate weight gain 
was noted in all 66. Coexisting diverse problems not di- 
rectly related to the failure-to-thrive were found in 19 
children. These included cleft lip, craniosynostosis, ce- 
rebral palsy, hemophilia, sickle cell disease, neurofibro- 
matosis, mental retardation, and bilateral inguinal hernias. 
Two patients died: a 1-month-old with severe malnutri- 
tion, acidosis, and sepsis and a 2-month-old with multiple 
organ failure following a perforated gastric ulcer. The 
mean period of hospitalization was 13 days (range: 3-123 
days). 

Twenty children, 12 girls and eight boys, with a mean 
age of 3 years (range: 7 months—11 years) were admitted 
for drug ingestion. Valium was the most frequent agent 
(5), while alcohol, tricyclic antidepressants, and barbitu- 
rates were the poisons in the remaining 15. No child sus- 
tained neurologic impairment and none died. The mean 
length of hospitalization was 3.3 days (range: 1-7 days). 

Ten patients were classified as neglect with inadequate 
care of a known underlying disease. Their mean age was 
3.0 years (range: 2 weeks—|2 years), with six females and 
four males. The one death in this group, a 2-month-old 
with bronchopneumonia, had delay in seeking medical 
attention and was moribund at admission. The other 
conditions considered improperly cared for at home in- 
cluded cyanotic heart disease (2), iron deficiency anemia 
(2), urinary tract infection (2), asthma (2), and diabetes 
mellitus (1). The mean hospital stay was 10 days (range: 
2-29 days). 

Near-drowning occurred in three patients; a fourth was 
dead on arrival at the emergency department. The child 
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Single 
Mothers 


Parent 


Percent of Patients 


26 (10%) 


Unknown 


Divorced/ 

Separated 

Babysitter/ 
Family Member 


Friend 


20(82) 
17(7%) 





FAMILY UNIT 


Fic. 1. Family unit characteristics and suspected perpetrator of child 
abuse in 256 patients. 


SUSPECTED PERPETRATOR 


who died was a 1-year-old who had been held underwater 
in a bathtub by a babysitter. Two children, ages 8 and 14 
months, were unattended by an adult while in a bathtub. 
A third child, 2 years of age, was left unobserved in a 
wading pool. No child required endotracheal intubation 
for longer than 36 hours, and all were discharged by the 
fourth day. 

Forty-two children were admitted to an intensive care 
unit: 24 with CNS injury, six with smoke inhalation and 
burns, four with ingestion, three with near-drowning, and 
two with abdominal trauma. Of the survivors, 28 patients 
received one or more blood transfusions within 24 hours 
of admission, most with CNS, skeletal, and abdominal 
trauma. 

Eighteen patients (7%) died as a result of child abuse. 
The highest mortality (26%) occurred in patients with CNS 
injury. Nine children were dead on arrival, eight from 
head trauma and one from drowning. The greatest long- 
term morbidity occurred in patients with head injuries 
with neurologic sequelae in 21%. Additionally, at least 
50% of those with burns developed hypertrophic scars. 

Single, never-married mothers comprised 45% of the 
family-unit households. Thirty-three per cent were mar- 
ried and living together, 17% were separated or divorced 
with mother at home, and in 5% the family unit was un- 
determined. In 32% of cases, either the patient or a sibling 
had a previous consultation for suspected abuse, while 
four children with failure-to-thrive were admitted twice 
during the study period (Fig. 1). 

The child’s parent was the suspected perpetrator in 193 
instances (75%); boy or girlfriend of parent in 17 (7%); 
babysitter in 10 (4%); family member in 10 (4%); and 
undetermined in 26 (10%) (Fig. 1). Mothers were sus- 
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pected to be responsible for all failure-to-thrive cases and 
most cases of neglect, ingestions, and burns. Fathers or 
maternal boyfriend were suspected in all sexual abuse 
cases. The suspected perpetrators among those with CNS, 
soft tissue, and skeletal trauma were equally divided be- 
tween men and women. 

Of the 238 survivors, 91 children (38%) were placed in 
foster care at hospital discharge. Return to the primary 
family occurred in 147 cases after evaluation by a member 
of Children’s Hospital Child Abuse Team. 

Children were hospitalized at an average rate of eight 
patients per month (range: 7-9 per month) with no sea- 
sonal or monthly predominance. The overall mean length 
of hospitalization was 9.3 days (range: 1-123 days). 


Discussion 


Within society and medicine, the status of the child 
has undergone an evolution during the period of recorded 
Western civilization. Historically, the young have occu- 
pied an insecure and subservient position from the Roman 
“patria potestas,” granting the father the right to sell, mu- 
tilate, abandon, or kill his children, to the indentured ser- 
vitude practice of the Middle Ages. In medical literature, 
the relationship of violent childhood death to parental 
brutality was first noted in 1860.4 Ambrose Tardieu, a 
professor of legal medicine in Paris, described the autop- 
sies of 32 children with injuries to brain, soft tissue, and 
bone, which we recognize today as part of the child abuse 
syndrome. Eighty-six years later in 1946, Caffey linked 
the occurrence of long bone fractures in infants with 
chronic subdural hematomas,’ but little concern was 
aroused. In 1961 Dr. Henry Kempe conducted a sym- 
posium on “The Battered-Child Syndrome” at the 
American Academy of Pediatrics Meeting, which, along 
with his subsequent article detailing the medical aspects 
of child battering, alerted the American public and phy- 
sicians to the problem. 

Although twentieth century children have achieved a 
degree of comfort and privilege, their place in society re- 
mains questionably secure. For instance, homicide ac- 
counts for 5% of all deaths in children less than 18 years 
of age in the United States and is one of the leading causes 
of death after the age of 6 months.® In infants between 6 
and 12 months of age, abuse is the number one cause of 
death.° In a comparison of childhood homicide rates 
among 24 developed countries using World Health Or- 
ganization statistics, the United States ranked second with 
10.2 deaths per 100,000 population.’ 

An additional indication of the magnitude of child 
abuse is that 929,310 reports of suspected abuse and ne- 
glect were filed in the United States in 1982.6 At the re- 
gional level, the 1512 cases of suspected abuse that formed 
the basis of this study occurred over a 31-month period 
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and represented approximately one-third of the counties: 
of the state of Ohio. Those children with serious injury 
and neglect requiring hospitalization in this series repre- 
sent a minority of the total spectrum of patients. While 
direct surgical care was necessary in 61% of these hospi- 
talized children, the vast majority of suspected abuse cases 
are managed by emergency department and primary care 
physicians. 

In our study, 75% of the children were between 18 and 
36 months of age with a total group mean age of 2.1 years. 
This is in agreement with most published series! in which 
the toddler has the highest risk of being battered. However, 
in most categories of injury in our series the age range 
was quite variable, from infants less than 1 month old to 
teenagers. As might be anticipated, certain types of abuse 
were more likely to occur at certain ages. In particular, 
failure-to-thrive from caloric malnutrition was a problem 
mainly in infancy, with a mean age of 0.8 years. Those 
children who required hospitalization for management of 
severe soft tissue trauma and sexual abuse were somewhat 
older, with mean ages of 4.2 and 6.6 years, respectively. 
Although no sex predilection was present within the entire 
group, boys far outnumbered girls in soft tissue and skel- 
etal injury, while girls were most frequently the victims 
of sexual abuse. There was no predilection by race in these 
patients. 

In reviewing the family-unit characteristics in this series, 
45% were single, never-married mothers, and 17% were 
separated or divorced mothers. The suspected perpetrator 
of the abuse was a parent in three-quarters of the cases, 
while another family member, babysitter, or friend was 
responsible in less than one-quarter. As might be expected, 
certain types of abuse such as failure-to-thrive were more 
likely to be inflicted by the mother. Males were responsible 
for all cases of sexual abuse in our series. The sociologic 
etiology of child abuse is believed to be associated with 
several complex risk factors: poverty, isolation, recent and 
chronic stress, and the parent’s own childhood experience 
with violence.“ Following evaluation of the home situ- 
ation by the Child Abuse Team, 38% of our patients were 
placed in foster care at hospital discharge. Of the 62% 
returned to the home, careful and regular follow-up by 
the Child Abuse Team was necessary for each case. 

Serious burns accounted for nearly one-quarter of the 
patients in our series. The appropriate evaluation of a 
child with burns as a possible victim of inflicted injury 
requires an understanding of certain aspects of intentional 
thermal abuse. While scald burns are the most frequent 
cause of accidental and intentional thermal injury,’ tap 
water causes most abusive burns and only 20% of acci- 
dental burns.’® In our group of 39 children with scald 
burns, all were caused by tap water. In addition, most 
accidental scald burns occur when a toddler overturns a 
pot of hot liquid on a stove or spills a cup of hot liquid 
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Over the last 4 years, the authors have had experience with 
epidural analgesia for a variety of spinal operations in 24 patients. 
It has proved to be safe, reliable, and effective. No patient has 
had a new neurological deficit as a result of the epidural tech- 
nique, and 18 of 22 patients with neurological deficit improved. 
Thus, epidural analgesia should not be excluded from the anes- 


© thesiologist’s consideration simply because of the presence of 


i 


spine disease or neurological deficit. 


ANY ANESTHESIOLOGISTS feel that epidural an- 
algesia is unsuitable in patients with spinal pa- 
thology. More specifically, in the past, patients 

with existing neurological disease or with spinal defor- 
mities have constituted relative, if not absolute, contrain- 
dications to epidural analgesia.'~* Recently, however, that 
strict opinion seems to be changing, and several articles 
have been published in which epidural analgesia is viewed 
as a good alternative to general anesthesia, some even 
advocating it as the anesthetic procedure of choice.*? In 
the present study, we present our positive experience in 
a group of patients with varied spinal pathology in which 
we found epidural analgesia a safe, reliable, and effective 
means of providing intraoperative pain relief. At the same 
time, neurological deficits improved at the same rate as 
those operated on by the same surgeon utilizing general 
anesthesia. 


Methods 


Epidural analgesia for spine surgery was utilized in 24 
patients with a variety of spinal and neurological condi- 
tions. For each patient, the choice of anesthetic was a 
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combined one involving the patient, the anesthesiologist, 
and the surgeon. 

The technique for induction of analgesia was the same 
in all patients. A Touhy needle was placed in the epidural 
space utilizing the loss of resistance technique, with the 
patient in the lateral decubitus position. A test dose of 
bupivacaine or lidocaine was injected to check for sub- 
arachnoid puncture. After a 5 minute waiting period, a 
single shot injection of 7-30 ml of local anesthetic was 
made. 

The patient then would roll over onto the operating 
table in a prone position and was observed for level of 
blockade and vital signs. After 5-10 minutes, the prepa- 
ration was started, and a final check for sensory level was 
made at the end of the sterile preparation. 

When a lumbar discectomy was contemplated, the 
needle was placed at the level of the lumbar discectomy, 
except in those cases where a very large disc herniation 
existed and it was felt that the epidural space was com- 
promised at the level of injection. In those situations, the 
needle was placed at the next higher level. For cordotomy, 
epidural electrode suture, and chymopapain injection, the 
needle was placed at the level of surgery. In the case of 
multilevel lumbar spondylosis, the needle was placed at 
the next level above the area of severe pathology. 


Results 


Epidural analgesia was attempted 24 times for spinal 
operations (Table 1). It was successful 22 times. The re- 
maining two patients had a general anesthetic. The ages 
ranged from 23 to 75 years with five women and 17 men. 
Three patients were over 70 years of age. 
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TABLE |. Treatment Undertaken 
Patient Injection Marcaine Analgesic 
Number Operation Site Concentration Volume (ml) Level 
Lumbar Discectomy 
l L4L L4,5 0.75 + E 23 T4 
2 L4,5 LO L3,4 0.75 +E 22 T8 
3 L4,5 LO 12,3 0.75 +E 27 ? 
4 L3L £233 0.75 23 ? 
5 L3,4 HL L3,4 0.75 +E 22 T4 
6 L5 HL L3,4 0.75 20 Failedt 
7 L5,S1 LO L3,4 0.75 +E 25 T6 
8 L5,Si LO L2,3 0.75 +E 25 ? 
9 14,5 LO ? O75 +E ? Failed 
10 L4L 13,4 0.75 +E 2 C7 
ll L5L L4,5 0.75 +E 30 T4 
12 L4,5 LO L4,5 0.75 22 T4 
13 L5 HL L3,4 0.5 +E 17 T6 
14 L5,S1 LO L2,3 0.25 20 Tót 
Lumbar Laminectomy and Foraminotomy 
15 L4-6 LF L4,5 0.75 22 T9 
16 L2-5 LF L2,3 0.75 +E 23 ” 
17 L4-5 LF L2,3 0.75 22 T4 
18 L5-6 LF L2,3 0.75 +E 23 T4* 
Chymopapain 
19 L4,5 13,4 1.5% Xy + E 17 T6 
20 L3,4 L3,4 0.75 15 T5 
21 L5,S1 L4,5 0.5 25 TS 
22 14,5 14,5 0.5 21 T8 
Miscellaneous 
23 T2 Cordotomy T1,2 0.5 7 C4-T8 
24 T8L Lead suture T6,7 0.5 +E 10 T4-T10 


* Mild hypotension to 90 torr systolic. 
+ L5 spina bifida occulta. 

¢ Delayed for 30 minutes. 

L = Laminectomy. 


The largest single group of patients consisted of those 
patients with monoradiculopathy due to herniated disc 
and/or facet hypertrophy. There were 14 patients in this 
group, two of whom failed to achieve adequate analgesia 
and required general anesthetic. One of these patients had 
a spina bifida occulta, and at surgery there was a midline 
pocket of anesthetic in the paraspinal muscles. In the sec- 
ond patient, no obvious cause was found for failure of 
the anesthetic technique. 


TABLE 2. Results of Treatment 





N (Total)* Per Centt 
Radicular pain relief 14 (16) 87 
Radicular signs improved 13 (16) 81 
Spinal claudication absent 2 (2) 100 
Successful cordotomy 1 (i) 100 
Successful spinal electrode 1(1) 100 
Successful chymopapain injection 3 (4) 75 


* N is the number improved. 
t The per cent of the total improved. 


LO = Laminotomy. 

HL = Hemilaminectomy. 
F = Foraminotomy, 

E = Epinephrine. 


During operation, the degree of muscle relaxation was 
excellent, and it was the subjective opinion of the primary 
surgeon (AR) that there was less intraoperative bleeding 
than in those patients undergoing spine surgery under 
general anesthetic. 

There was little incisional pain in the initial 18-24 hours 
after surgery, as measured by the frequency of narcotic 
administration. The duration of sensory blockade was 8- 
12 hours. One patient experienced a repeat surgery uti- 
lizing epidural analgesia and felt that the postoperative 
couse was more comfortable with the epidural, 

Table 2 lists the results of these operations. They are 
the same as the results in similar operations performed 
by the same surgeon utilizing general anesthesia. There 
were no new neurological deficits in this group. Neuro- 
logical deficits improved in 10 of the 14 patients in this 
group. 

The next largest group was four patients in whom mul- 
tilevel laminectomy and foraminotomy was performed. 
Two patients had two-level laminectomy and foraminot- 
omy for radicular signs. One had a three-level, and one 
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had a four-level laminectomy for spinal claudication. All 
patients were relieved of their symptoms and signs. No 
patient had a new neurological deficit. 

There was concern that with multilevel laminectomy 
and foraminotomy the duration of the surgery would be 
~ so long that the patient might be uncomfortable in the 
latter stages of the operation. However, the duration of 
the sensory blockade ranged from 6-12 hours, and no 
patient was uncomfortable during operation. 

Epidural analgesia was used for chymopapain injection 
in four patients. It sufficed quite well for this procedure, 
although the procedure can also be easily accomplished 
under local anesthesia, which is currently our primary 
technique. Epidural analgesia does have the advantage, 
however, that the anesthetic is injected through a single 
needle placement, and a sharp segmental blockade can 
be accomplished. Since the patient remains alert, any of 
the early subjective signs of anaphylaxis are readily de- 
tectable and treated before the state of anaphylactic shock 
occurs. In Table 1, the single case of failed chymopapain 
injection refers to a failure of pain relief and persistence 
of radicular signs, despite a technically successful injection. 

The technique was used for a segmental blockade for 
a T1,2 open cordotomy in a patient with intractable leg 
pain due to cervical cancer. The technique offered the 
advantage of a single injection to provide segmental 
blockade for two to three segments above and below the 
area of surgery. Preservation of spinal cord long tract 
function allowed both motor and sensory testing during 
operation in the lower extremities to determine com- 
pleteness of pain tract interruption. 

The technique was also used in a T8 laminectomy to 
suture an epidural lead to the dura in a patient with a 
spinal cord stimulator who had had migration of the epi- 
dural electrode. The epidural analgetic technique provided 
- excellent conditions for performing the operation. It is of 
interest that no paresthesias could be elicited with the 
spinal cord stimulator up to maximal settings for the du- 
ration of the sensory blockade. 

The average volume of anesthetic injected was 22.3 
+ 0.9 cc. The mean level of postoperative block occurred 
at T5. There was one incidence of a C7 block with the 
volume of injection calculated by standard formulas. This 
was a patient (patient 10) who had a complete myelo- 
graphic block at L4,5, and the level of injection of the 
epidural anesthetic was at L3,4. It is suggested that in 
patients with complete block the dose of anesthetic be 
decreased by approximately 25%. The concentration of 
effective anesthetic agent used appears to be broad, with 
both 0.75 and 0.5 per cent bupivacaine providing adequate 
analgetic levels. In a single instance, 0.25% bupivacaine 
was used, and, although this ultimately provided adequate 
analgetic levels, the interval to onset of analgesia was pro- 
longed in excess of 30 minutes. Therefore, it is recom- 
mended that 0.25% bupivacaine not be used. 
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The addition of epinephrine appears to constrict epi- 
dural veins, making it easier to coagulate and divide them 
during the operation. 

With our data in 19 patients, the average number of 
ml per segment is 2.0 with a standard error of 0.15 ml 
per segment. 

Complications occurred in four patients. Two patients 
had a failed block, requiring a general anesthetic. Two 
others experienced mild hypotension (90 torr systolic) not 
requiring treatment. 


Discussion 


In this group of patients, epidural analgesia has been 
shown to be a safe, reliable, and effective technique for 
providing intraoperative pain relief, muscle relaxation, 
and, when combined with epinephrine, shrinkage of epi- 
dural veins. The results in patients with monoradiculop- 
athy due either to lumbar disc disease or lateral facet syn- 
drome are comparable to those in patients who receive 
their operations under general anesthesia. It appears to 
be an effective alternative to general anesthesia in patients 
undergoing chymopapain disc injections. No new neu- 
rological deficits occurred in any of these patients. 

The complications of the technique were failure in two 
patients, requiring general anesthesia, and mild hypoten- 
sion in two patients, which did not require treatment. 

Some controversy exists as to the advisability of epidural 
analgesia in the face of abnormal bony anatomy or the 
presence of neurological deficits. Some authors believe 
that these are relative to absolute contraindications for 
epidural analgesia. New neurological deficit has been 
reported in three of 50,000 and seven of 32,718 epidural 
blocks reviewed by Kane.* Our experience supports the 
hypothesis that, with care, epidural analgesia is a safe and 
reliable technique in spine surgery, even in the face of 
abnormal anatomy and neurological deficit. 
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Diseases of the Aorta. E. Stanley Crawford, John L. Crawford. 
401 pp. Baltimore, Williams & Wilkins. 1984. $135.00. 


THIS IS A MAJOR surgical atlas intended primarily for the car- 
diovascular surgeon. It sets out to present a clear picture of all 
the diseases of the aorta and the possibilities of surgical treatment. 
Each major surgical disease or group of diseases is presented in 
a separate chapter. There are 12 chapter headings, which include: 
Aneurysms of Degenerative Origin, Aortic Dissection, Coarc- 
tation, Aortitis, Trauma, and Aortic Tumors. The illustrations 
are simple and of great clarity and where appropriate are matched 
with angiograms taken in the same projection. Every chapter is 
well referenced. There are no photographs of operative specimens 
nor photomicrographs. 

This book represents the enormous total experience of the 
senior author and has many of the features of a monograph, for, 
as the authors state, it is the synthesis and expansion of the 
many papers published in this field by the authors over many 
years. Some of the chapters dealing with the more common 
diseases are most comprehensive in scope, whereas the very rare 
conditions are inevitably somewhat anecdotal. The chapter on 
Marfan’s syndrome is particularly outstanding and is one of the 
few sources able to give an actuarial survival curve at 15 years 
after operation. The authors do not appear to recognize the 
“forme fruste” of this condition but they deliberately disclaim 
any in-depth discussion of pathology. It is to be hoped that the 
somewhat simplistic style of the drawings so valuable to the 
cardiovascular surgeon does not persuade the internist and others 
that the operations depicted are just that simple! 

This is a magnificent work that admirably succeeds in its aims: 
it cannot fail to be an essential reference for the mature surgeon 
and compulsory reading for the trainee. 


PROFESSOR HUGH H. BENTALL 
London, England 


Exercise and the Heart, 2nd ed. Nanette K. Wenger. 283 pp. 
Philadelphia, F. A. Davis Co. 1984. $45.00. 


CONSIDERING the plethora of medical texts on the subject of 
exercise that have appeared in the last 5 years, it is difficult to 
recall that when the initial edition of Exercise and the Heart 
appeared in 1978, it stood nearly alone as a reference text for 
cardiovascular physicians on the subject. Gratifyingly for those 
readers who feel awash in a sea of often repetitive recent books 
on exercise, the second edition of Exercise and the Heart con- 
tinues the pacesetting tradition of its predecessor. Notably, this 
edition both avoids the evangelical tone of some of its recent 
competitors in its approach to the role of exercise as a universal 
treatment modality for coronary artery disease, while devoting 
considerable space to more recent and innovative uses of exercise 
therapy for patients with other types of cardiopulmonary dys- 
function producing functional impairment. In addition, a chapter 
is devoted to home exercise for cardiac patients, reflecting the 
recent trend among rehabilitation specialists away from high- 





cost supervised programs for uncomplicated patients who desire 
to be physically active. 

Only a few negative features mar this generally useful and 
authoritative edition. The degree of detail encountered within 
various chapters is often uneven and without apparent relation- 
ship to the importance of the subject. Thus, Dr. Hartley gives 
us only seven pages concerning the overall relationshp of exercise 
to cardiovascular mortality and explicitly avoids discussing neg- 
ative studies, while Dr. Waller gives us 64 pages of painstaking 
(albeit interesting) details on autopsy findings of 158 patients 
dying suddenly in relationship to exercise. However, in general, 
the writing is concise, and the book can serve both as a profes- 
sional reference text or as recreational reading for physicians 
and surgeons with an interest in exercise. 


R. SANDERS WILLIAMS, M.D. 
Oxford, England 


Cardiac Surgery: A Looseleaf Workbook and Update Service. 
Donald B. Doty. 475 pp. Chicago, Year Book Medical Publishers 
1985. $195.00. 


THIS ATLAS of cardiac surgical techniques is a looseleaf workbook 
that is very sturdily bound. Most areas of cardiac surgery, con- 
genital and acquired, are covered, with the exception of electro- 
physiology surgery and transplantation. Nearly two-thirds of the 
text is devoted to the management of congenital cardiac anom- 
alies. The 400 illustrations are particularly helpful, and each is 
drawn from the operating surgeon’s perspective. Semiannual 
updates are planned to assure that the descriptions of operative 
technique remain current. 

The text is clear and succinct, presenting a single technical 
approach to most lesions. Preoperative evaluation and postop- 
erative management are not considered. The format of this op- 
erative atlas is distinctive. Although the techniques presented 
are those of a single surgeon, greater depth and variety of surgical 
approach are provided by selected abstracts from the surgical 
literature, complete with illustrations and contemporary com- 
mentary by other noted cardiac surgeons on these abstracts. 
These abstracts provide a historical perspective on the devel- 
opment of many of the current operations that are presented. 
Instead of a conventional index, the table of contents is supple- 
mented by indexing notebook tabs for each category of opera- 
tions. 

This atlas is intended to serve as a workbook for thoracic 
surgery residents or practicing thoracic surgeons. A considerable 
knowledge of cardiac anatomy and basic surgical technique is 
assumed. Space is provided to insert personal notes and obser- 
vations about each procedure. There is a very practical section 
listing specific equipment and describing the set-up of monitoring 
and perfusion apparatus in detail. Though both the initial work- 
book and the semiannual update service are expensive, any car- 
diac surgeon, particularly one treating congenital lesions, will 
find this a useful and worthwhile addition to his library. 


JON F. MORAN, M.D. 
Kansas City, Kansas 
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requests for reprints should be addressed, or statement that 
reprints will not be available from the author; [8] the source(s) 
of support in the form of grants, equipment, drugs, or all of 
these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their con- 
tent, especially the Results and Discussion sections. Other types 
of articles such as case reports, reviews, and editorials are likely 
to need other formats, and authors should consult individual 
journals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 
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Methods: Describe your selection of the observational or ex- 
perimental subjects (patients or experimental animals, including 
controls) clearly. Identify the methods, apparatus (manufac- 
turer’s name and address in parentheses), and procedures in 
sufficient detail to allow other workers to reproduce the results. 
Give references to established methods, including statistical 
methods; provide references and brief descriptions of methods 
that have been published but are not well known; describe new 
or substantially modified methods, give reasons for using them, 
and evaluate their limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord 
with the Helsinki Declaration of 1975. When reporting exper- 
iments on animal subjects, indicate whether the institution’s or 
the National Research Council’s guide for the care and use of 
laboratory animals was followed. Identify precisely all drugs and 
chemicals used, including generic name(s), dosage(s), and route(s) 
of administration. Do not use patients’ names, initials, or hospital 
numbers. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suit- 
ably presented in the form of one or more appendixes. 

Results: Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data 
in the tables and/or illustrations: emphasize or summarize only 
important observations. 

Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with the goals of the study but avoid unqualified statements 
and conclusions not completely supported by your data. Avoid 
claiming priority and alluding to work that has not been com- 
pleted. State new hypotheses when warranted, but clearly label 
them as such. Recommendations, when appropriate, may be 
included. 


ACKNOWLEDGMENTS 

Acknowledge only persons who have made substantive con- 
tributions to the study. Authors are responsible for obtaining 
written permission from everyone acknowledged by name be- 
cause readers may infer their endorsement of the data and con- 
clusions. 


REFERENCES 

Number references consecutively in the order in which they 
are first mentioned in the text. Identify references in text, tables, 
and legends by arabic numerals (in parenthesis). References 
cited only in tables or in legends to figures should be numbered 
in accordance with a sequence established by the first identi- 
fication in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National 
Library of Medicine and used in Index Medicus. Use the style 
of the examples cited at the end of this section, which have 
been approved by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. A list of abbreviated names of 
frequently cited journals is given near the end of this document; 
for others, consult the “List of Journals Indexed,” printed an- 
nually in the January issue of Index Medicus. 

Try to avoid using abstracts as references; “unpublished ob- 
servations” and “personal communications” may not be used 
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as references, although references to written, not verbal, com- 
munications may be inserted (in parentheses) in the text. Include 
among the references manuscripts accepted but not yet pub- 
lished; designate the journal followed by “in press” (in paren- 
theses). Information from manuscripts submitted but not yet 
accepted should be cited in the text as “unpublished observa- 
tions” (in parentheses). 

The references must be verified by the author(s) against the 
original documents. 
Examples of correct forms of references are given below. 


Journal 


i. Standard Journal Article (List all authors when six or less; when 
seven or more, list only first three and add et al.) 

Soter NA, Wasserman SI, Austen KF. Cold urticaria: release 
into the circulation of histamine and eosinophil chemotactic 
factor of anaphylaxis during cold challenge. N Engl J Med 1976; 
294:687--90. 

2. Corporate Author 
The Committee on Enzymes of the Scandinavian Society for 
Clinical Chemistry and Clinical Physiology. Recommended 
method for the determination of gammaglutamyltransferase in 
blood. Scand J Clin Lab Invest 1976; 36:119~25. 
Anonymous. Epidemiology for primary health care. Int J Ep- 
idemiol 1976; 5:224~5. 


Books and Other Monographs 

3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood 
Cliffs: Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug 
evaluations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for 


Students and practitioners of medicine and the other health 
sciences. 5th ed. Baltimore: Williams & Wilkins, 1968. 

6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading 
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: WB 
Saunders, 1974:457-71. 

7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence 
and associated disability, United States July 1968-June 1969. 
Rockville, Md.: National Center for Health Statistics, 1972. (Vital 
and health statistics. Series 10: Data from the National Health 
Survey, no. 69) (DHEW publication no. (HSM)72-1036). 


Other Articles 
8. Newspaper Article 


Shaffer RA. Advances in chemistry are starting to unlock mys- 
teries of the brain: discoveries could help cure alcoholism and 
insomnia, explain mental illness. How the messengers work. 
Wall Street Journal 1977 Aug 12:1(col. 1), 10(col. 1). 

9. Magazine Article 


Roueché B. Annais of medicine: the Santa Claus culture. The 
New Yorker 1971 Sep 4:66-81. 


TABLES 

Type each table on a separate sheet: remember to double 
space. Do not submit tables as photographs. Number tables 
consecutively and supply a brief title for each. Give each column 
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a short or abbreviated heading. Place explanatory matter in 
footnotes, not in the heading. Explain in footnotes all non- 
standard abbreviations that are used in each table. For footnotes, 
use the following symbols in this sequence: *, t, f, §, |], 1, **, 
tł.. . . Identify statistical measures of variations such as SD 
and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

Having too many tables in relation to the length of the text 
may produce difficulties in the layout of pages. Examine issues 
of the journal to which you plan to submit your manuscript to 
estimate how many tables to use per 1000 words of text. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


ILLUSTRATIONS 

Black-and-white illustrations and tabular material will be 
published free in moderate numbers. Excess illustrations, excess 
tabular material, and all color illustrations will be charged to 
the author. Submit the required number of complete sets of 
figures. Figures should be professionally drawn and photo- 
graphed; freehand or typewritten lettering is unacceptable. In- 
stead of original drawings, roentgenograms, and other material, 
send sharp, glossy black-and-white photographic prints, usually 
12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 25.4 
cm (8 by 10 in.). Letters, numbers, and symbols should be clear 
and even throughout, and of sufficient size that when reduced 
for publication each item will still be legible. Titles and detailed 
explanations belong in the legends for illustrations, not on the 
illustrations themselves. 

Each figure should have a label pasted on its back indicating 
the number of the figure, the names of the authors, and the top 
of the figure. Do not write on the back of the figures or mount 
them on cardboard, or scratch or mar them using paper clips. 
Do not bend figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 

If photographs of persons are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure 
has been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, 
send two positive color prints to assist editors in making rec- 
ommendations. 


LEGENDS FOR ILLUSTRATIONS 

Type legends for illustrations double spaced, starting on a 
separate page with arabic numerals corresponding to the illus- 
trations. When symbols, arrows, numbers, or letters are used 
to identify parts of the illustrations, identify and explain each 
one clearly in the legend. Explain internal scale and identify 
method of staining in photomicrographs. 
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ABBREVIATIONS 


Use only standard abbreviations (see below for lists of com- 
monly used approved abbreviations). Consult the following 
sources for additional standard abbreviations: [1] CBE Style 
Manual Committee. Council of Biology Editors style manual: 
a guide for authors, editors, and publishers in the biological 
sciences. 4th ed. Arlington: Council of Biology Editors, 1978; 
and {2] O’Connor M, Woodford FP. Writing scientific papers 
in English: an ELSE-Ciba Foundation guide for authors. Am- 
sterdam, Oxford, New York: Elsevier-Excerpta Medica, 1975. 
Avoid abbreviations in the title. The full term for which an 
abbreviation stands should precede its first use in the text unless 
it is a standard unit of measurement. 

In most countries the International System of Units (SI) is 
standard or is becoming so. Report measurements in the units 
in which they were made. Journals may use these units, convert 
them to another system, or use both. 


COMMONLY USED APPROVED ABBREVIATIONS 


Standard Units of Measurement 


Abbreviation 
Term or Symbol 
ampere 
Angstrém 
barn 
candela 
coulomb 


counts per minute 
counts per second 

curie 

degree Celsius 
disintegration per minute 
disintegration per second 


a Se SSR age ots se ee 


electron Volt 

equivalent 

farad 

gauss 

gram 

henry 

hertz 

hour 

international unit 

joule J 

kelvin K 
kilogram kg 

liter, litre lorL 
meter, metre m 

minute min 
molar M 

mole mol 
newton N 

normal (concentration) N 

ohm Q 

osmol osmoi 
pascal Pa 
revolutions per minute N rpm 
second 

square centimeter cm? 

volt v 

watt w 

week wk 

year yr 
Combining Prefixes 

tera- ao) T 
ziga- (0%) G 
mega- a) M 
kilo- U0) k 
hecto- U) h 
deca- uo) da 
deci- (107) d 
centi- ao c 


femto- 
atto 


Statistical Terms 


correlation coefficient 
degrees of freedom 

mean 

not significant 

number of observations 
probability 

standard deviation 
standard error of the mean 
“Student's” t test 

variance ratio 


Others 

adenosinediphosphatase 

adenosine $'-diphosphate (adenosine diphosphate) 

adenosine 5-monophosphate (adenosine 
monophosphate, adenylic acid) 

adenosine triphosphatase 

adenosine 5’-triphosphate (adenosine triphosphate) 

adrenocorticotropic hormone (adrenocorticotropin) 

bacille Calmette-Guérin 

basal metabolic rate 

body temperature, pressure, and saturated 

central nervous system 

coenzyme A 

deoxyribonucleic acid (deoxyribonucleate) 

dihydroxyphenethylamine 

electrocardiogram 

electroencephalogram 

enteric cytopathogenic human orphan (virus) 

ethyl 

ethylenediaminetetraacetate 

gas-liquid chromatography 

guanosine 5’-monophosphate (guanosine 
monophosphate, guanylic acid) 

hemoglobin 

logarithm (to base 10; common logarithm) 

logarithm, natural 

methyl 

Michaelis constant 

negative logarithm of hydrogen ion activity 

partial pressure of CO, 

partial pressure of O, 

per 

percent 

radiation (ionizing, absorbed dose) 

respiratory quotient 

specific gravity 

standard atmosphere 

standard temperature and pressure 

ultraviolet 

volume 

votume ratio (volume per volume) 

weight 

weight per volume 

weight ratio (weight per weight) 


ABBREVIATIONS OF NAMES OF FREQUENTLY CITED JOURNALS 


Acta Medica Scandinavica 

American Family Physician 

American Heart Journal 

American Journal of Cardiology 
American Journal of Clinical Nutrition 
American Journal of Clinical Pathology 
American Journal of Digestive Diseases 
American Journal of Diseases of Children 
American Journal of Human Genetics 
American Journal of the Medical Sciences 
American Journal of Medicine 

American Journal of Obstetrics and Gynecology 
American Journal of Ophthalmology 
American Journal of Pathology 
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(107) 
(10%) 
ao’) 
ar’) 
aos 
(107) 


es “URE g 


sp gr 
atm 
STP 
uv 

vol 
vol/vol 
wt 
wt/vol 
wt/wt 


Acta Med Scand 
Am Fam Physician 
Am Heart J 

Am J Cardiol 

Am J Clin Nutr 
Am J Clin Pathol 
Am J Dig Dis 

Am J Dis Child 
Am J Hum Genet 
Am J Med Sci 

Am J Med 

Am J Obstet Gynecol 
Am J Ophthalmol 
Am J Pathol 


American Journal of Physical Medicine 
American Journal of Physiology 

American Journal of Psychiatry 

American Journal of Public Health 

American Journal of Roentgenology 

American Journal of Surgery 

American Journal of Tropical Medicine and Hygiene 
American Review of Respiratory Disease 
Anaesthesia 

Anesthesiology 

Annals of Allergy 

Annals of Internal Medicine 

Annals of Otology, Rhinology and Laryngology 
Annals of Surgery 

Annals of Thoracic Surgery 

Archives of Dermatology 

Archives of Environmental Health 

Archives of General Psychiatry 

Archives of Internal Medicine 

Archives of Neurology 

Archives of Ophthalmology 

Archives of Otolaryngology 

Archives of Pathology and Laboratory Medicine 
Archives of Physical Medicine and Rehabilitation 
Archives of Surgery 

Arthritis and Rheumatism 

Blood; Journal of Hematology 

Brain; Journal of Neurology 

British Heart Journal 

British Journal of Obstetrics and Gynaecology 
British Journal of Radiology 

British Journa! of Surgery 

British Medical Journal 

Canadian Journal of Public Health 

Canadian Medical Association Journal 

Cancer 

Chest 

Circulation; Journal of the American Heart Association 
Circulation Research 

Clinical Pediatrics 

Clinical Pharmacology and Therapeutics 
Clinical Science and Molecular Medicine 
Clinical Toxicology 

Diabetes 

DM, Disease-a-Month 

Endocrinology 

Gastroenterology 

Geriatrics 

Gut 

Human Pathology 

Investigative Radiology 

JAMA; Journal of the American Medical Association 
Journal of Allergy and Clinical Immunology 
Journal of Applied Physiology 

Journal of Biological Chemistry 

Journal of Bone and Joint Surgery; American Volume 
Journal of Bone and Joint Surgery; British Volume 
Journal of Clinical Endocrinology and Metabolism 
Journal of Clinical Investigation 

Journal of Clinical Pathology 

Journal of Experimental Medicine 

Journal of Gerontology 

Journal of Immunology 

Journal of Infectious Diseases 

Journal of Investigative Dermatology 

Journal of Laboratory and Clinical Medicine 
Journal of Laryngology and Otology 

Journal of Medical Education 

Journal of Nervous and Mental Disease 
Journal of Neurosurgery 

Journal of Pathology 

Journal of Pediatrics 

Journal of Physiology 

Journal of Thoracic and Cardiovascular Surgery 
Journal of Trauma 

Journal of Urology 

Lancet 

Medical Clinics of North America 

Medical Letter on Drugs and Therapeutics 
Medicine (Baltimore} 

New England Journal of Medicine 


Am J Phys Med 

Am J Physiol 

Am J Psychiatry 

Am J Public Health 
AJR 

Am J Surg 

Am J Trop Med Hyg 
Am Rev Respir Dis 
Anaesthesia 
Anesthesiology 

Ann Allergy 

Ann Intern Med 
Ann Otol Rhinol Laryngol 
Ann Surg 

Ann Thorac Surg 
Arch Dermatol 

Arch Environ Health 
Arch Gen Psychiatry 
Arch Intern Med 
Arch Neurol 

Arch Ophthalmol 
Arch Otolaryngol 
Arch Pathol Lab Med 
Arch Phys Med Rehabil 
Arch Surg 

Arthritis Rheum 
Biood 

Brain 

Br Heart J 

Br J Obstet Gynaecol 
Br J Radiol 

Br J Surg 

Br Med J 

Can J Public Health 
Can Med Assoc J 
Cancer 

Chest 

Circulation 

Cire Res 

Clin Pediatr (Phila) 
Clin Pharmacol Ther 
Clin Sci Mol Med 
Clin Toxicol 
Diabetes 

DM 

Endocrinology 
Gastroenterology 
Geriatrics 

Gut 

Hum Pathol 

Invest Radiol 

JAMA 

J Allergy Clin Immunoi 
J Appi Physiol 

J Biol Chem 

J Bone Joint Surg [Am] 
J Bone Joint Surg [Br] 
J Clin Endocrinol Metab 
J Clin Invest 

J Clin Pathol 

J Exp Med 

J Gerontol 

J Immunol 

J Infect Dis 

J Invest Dermatol 

J Lab Clin Med 

J Laryngol Otol 

J Med Educ 

J Nerv Ment Dis 

J Neurosurg 

J Pathol 

J Pediatr 

J Physiol 

J Thorac Cardiovasc Surg 
J Trauma 

J Urol 

Lancet 

Med Clin North Am 
Med Lett Drugs Ther 
Medicine (Baltimore) 
N Engl J Med 
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Obstetrics and Gynecology Obstet Gynecol 
Pediatrics Clinics of North America Pediatr Clin North Am 
Pediatrics Pediatrics 
Physiological Reviews Physiol Rev 

Plastic and Reconstructive Surgery Plast Reconstr Surg 
Postgraduate Medicine Postgrad Med 


Progress in Cardiovascular Diseases 
_ Public Health Reports 


Progr Cardiovasc Dis 
Public Health Rep 


Radiology Radiology 
Rheumatology and Rehabilitation Rheumatol Rehabil 
Seminars in Roentgenology Semin Roentgenol 
Surgery Surgery 


Surgery, Gynecology and Obstetrics Surg Gynecol Obstet 


SUBMISSION OF MANUSCRIPTS 


Mail the required number of manuscript copies in a heavy 
paper envelope, enclosing the manuscript copies and figures in 
cardboard, if necessary, to prevent bending of photographs during 
mail handling. Place photographs and transparencies in a sep- 
arate heavy paper envelope. 

Manuscripts should be accompanied by a covering letter from 
the author who will be responsible for correspondence regarding 
the manuscript. The covering letter should contain a statement 
that the manuscript has been seen and approved by all authors. 
The letter should give any additional information that may be 
helpful to the editor, such as the type of article the manuscript 
represents in the particular journal, information on publication 
of any part of the manuscript, and whether the author(s) will 
be willing to meet the cost of reproducing color illustrations. 
Include copies of any permissions needed to reproduce published 
material or to use illustrations of identifiable subjects. 
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Helps prevent wound hematoma. 


Hemostasis with THROMBOSTAT prior to 
closure significantly reduces the frequency 
of postoperative wound hematoma. Ina 
controlled study involving 102 heparinized 
patients, 82.4% of the thrombin-treated group 
were free of any hematoma, while 64.7% ot 
the untreated group developed hematoma. 


Rapidly effective. 


The rapid hemostatic action controls oozing 
from capillaries and small venules in 

seconds. Full strength THROMBOSTAT solution 
can clot an equal volume of blood in less 

than a second, or 1,000 ml of blood in less than 
a minute. 


Versatile. 
THROMBOSTAT offers easy application 


and is a valuable aid to hemostasis in many 
fields of surgery wherever oozing blood trom 
capillaries and small venules is accessible. 


REFERENCE 
1. Hashemi K, Dc 
thrombin to red 


heparin. Curr À 









THROMBOSTAT ™ (Thrombin, USP) Bovine Origin 

Eefore prescribing, please see full prescribing information. 

A Brief Summary follows: 

Thrombostat must not be injected! Apply on the surface 

cf bleeding tissue as a solution or powder. 

INDICATIONS: Thrombeostat (Thrombin, USP) is indicated as an aid 
in hemostasis wherever oozing blood from capillaries and small 
venules is accessible. 

In various types of surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATION: Thrombostat is contraindicated in persons 
known to be sensitive to any of its components and/or to material of 
bovine origin. 

WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter 
large blood vessels. Extensive intravascular clotting and even 
death may result. Thrombostat is an antigenic substance and 
has caused sensitivity and allergic reactions when injected into 
animals. 
PRECAUTIONS: Consult the absorbable gelatin sponge product 
iabeling for complete information for use prior to utilizing the 
thrombin-saturated-sponge procedure, 
ADVERSE REACTIONS: An allergic type reaction following the use 
of Thrombostat for treatment of epistaxis has been reported. Febrile 
reactions have also been observed following the use of Thrombostat 
cal procedures but no cause-effect relationship has 
ablished. 
DOSAGE AND ADMINISTRATION: Solutions oi Thrombostat may 
epared in sterile distilled water or isotonic saline. The 
se determines the strength of the solution to prepare, Por 
general use in plastic surgery, dental extractions, skin grafting, 
neurosurgery, etc, solutions containing approximately 100 units per 
ml are frequently used. For this, 10 m} of diluent added to the 1000 
unit package is suitable. Where bleeding 1s profuse, as from cut sur- 
faces of liver and spleen, concentrations as high as 1000 to 2000 
units per ml may be re ed. For this the 5000 unt vial dissolved in 
5 ml or 2.5 mi respectively, of the diluent supplied in the package is 
convenient. Intermediate strengths to suit the needs of the case may 
be prepared by selecting the proper strength package and dissolv- 
ing the contents in an appropriate volume of diluent. In many situa- 
tions, it may be advantageous to use Thrombostat (Thrombin, USP) 
in dry form on oozing s 
Caution: Solutions she d the day they are prepared. If 
several hours are to elapse. the solution should be refrigerated, 
preferably frozen, and not used aiter 48 hours. 

The following techmaques are suggested for the topical applica- 
tion of Thrombostat: 

1. The recipient surface should be sponged (not wiped) iree of blood 
before Thrombostat is applied 

2. A spray may be used or the surface may be flooded using a ster- 
ile syringe and small gauge needle. The most effective hemostasis 
results when the Thrombostat mixes freely with the blood as soon as 
it reaches the surface 

3. In instances where Thrombostat in dry form is needed, the vial is 
opened by removing the metal ring by flipping up the plastic cap 
and tearing counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrombostat is then broken up intoa 
powder by means af a sterile glass rod or other suitable sterile 
instrument 

4. Sponging of treated surfaces should be avoided in order that the 
clot re securely in place 

Thrombostat may ed in conjunction with Absorbable Gelatin 
Sponge, USP as follow 
i. Prepare Thrombosta 































































of the desired strength. 

2. Immerse sponge stn esired size in the Thrombostat solu- 
tion, Knead the sponge strips vigorously with rr ened fingers to 
remove trapped air, thereby facilitating saturation of the sponge. 

3. Apply saturated ge to bleeding area. Holdin place for 10 to 
15 seconds with a pledget of cotton or a small gauze sponge. 
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-e ITE RAO STIR a 
Minimizes the risk 


Each tablet contains sriid {acetylsalicylic acid) 325 mg plus codeine phosphatė il 
in one of the following strengths: NO. 2—15 mg, No. 3—30 mg, and No. 4—60 mg. 


(“Warning—may be habit-forming.) —. 


Copr. © 1985 Burroughs Wellcome Co. All rights reserved. 
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Before prescribing, please.consult complete product information, 
a summary of which follows. 


EMPIRIN © with Codeine Tablets C-Ifl 


DESCRIPTION: Contains aspirin 325 mg and codeine 
phosphate": No, 2—15 mg, No. 3—30 mg, No. 4-60 mg 
WARNING: May be habit-forming. Empirin with Codeine has 
analgesic, antipyretic and anti-inflammatory effects 


CONTRAINDICATIONS: (1) Hypersensitivity or intoleranceto 
aspirin or codeine; (2) severe bleeding, disorders of coagulation. or 
primary hemostasis, including: hemophilia, hypoprothrombi 
nemia, von Willebrand's disease, thrombocytopenias, thrombas: 
thenia, other ill-defined hereditary platelet dysfunctions, severe 
vitamin K deficiency, severe liver damage; (3) anticoagulant 
therapy; (4) peptic ulcer or other serious gastrointestinal lesions. 


WARNINGS: Therapeutic aspirin doses can cause: anaphylactic 
shock, other severe allergic reactions. History of allergy is often 
lacking. Preoperative aspirin may prolong bleeding time. Sig 
mihcant bleeding can result from aspirin therapy in patients with 
peptic ulcer or other gastrointestinal lesions, and in patients with 
bleeding disorders: With head injury or other intracranial lesions, 
the respiratory depressant effects of narcotics, as well as their 
capacity for elevating CSF pressure. may be markedly enhanced 
Narcolic-produced drowsiness or-other CNS depressant effects 
may further obscure clinical course of patients with head injuries 
Narcotics may obscure diagnosis or clinical course of patients with 
acute abdominal conditions 


PRECAUTIONS: General: Prescribe cautiously for the elderly 

debilitated; patients with severe renal or hepatic function 
i t gallbladder disease, gallstones, respiratory impair 
me cardiac arrhythmias, inflammatory G! disorders, hypo 
thyroidism, Addison's disease, prostatic hypertrophy, urethral 


Stricture, coagulation di 


isorders, head injuries, acute abdomisial 
conditions. Should not be prescribed long-term unless spegitically 
indicated. Take precautions when administering, saleylates.to 
persons with known allergies. Aspirin hypersensitivity 1S particu 
larly likely in patients with nasal polyps and relatively common m 
asthmatics. Drug Interactions: Empirin with Codeine may 
enhance effects of: MAO inhibitors, oral anticoagulants, oral anti 
agents, insulin, 6-mercaptop ethotrexate, peni 
Sulfonamides, non-steroidal anti-inilammatory agents. 
ic analgesics, alcohol, general anesthetics, tranquilizers 
g Ehlordiazepotidh) sedative-hypnotics, other CNS depres 
ticosteroids. Empirin with Codeine may diminisheltects 
uricosurics (e.g. probenecid, sulfigpycazone). Para-amino 
Salicylic acid. furosemide, vitamin Comay tause aspirin and its 
metabolites to accumulate; perhapsto toxic levels. Pregnanéy: 
Teratogenic Effects; Pregnancy Category C. No animal repre 
dyction studies have been conductedtdris nor known whether 
Empirin with Codeine can cause fetal harm when administered toa 
pregnant woman or can alfect reproduction capacity. Give to @ 
woman only if clearly needed. Rabbit and rat reproduc 
tion studies at up to 1$0 times human dose revealed noevidence of 
mpaired fertility or harm to fetus due to codeine. Nanteratogenic 
Effects: Therapeutic aspirin dases in pregnant women close to 
case bleeding in mother, fetus or neonate, During last 
6 months of pregnaney, regular use of aspirin in high,doses may 
prolong pregnancy and delivery. Labor and Delivery: Aspirin 
ingestion prior te deliverfmay prolong delivery or lead to bleeding 
in mother or negnate. Codeine use during labormaylead to respira 
tory depression in neonate. Nursing Mothers: Aspirin and 
codeine are excreted in breast milk in small amounts, but sig 


fants is norknown. Because of 


nificance of effects on nursing, 
potentially serous adverse reactions im hursing infants, adecision 
should be made whether to discontinue nursing or discontinue 


drug, taking into account the importance of the drug to mother 
ADVERSE REACTIONS: Codeine: Mosi frequent: light 
heddedness, dizziness, dro nausea, VOMITING. consti 
pation, respiratory depression. Less common: euphoria, dys 
phoria, pruritus, skin rashes. Aspirin: Chronicuse of large doses 


may result salicylism. Manifestations: nausea, vomiting, 


hearing impairment, tinnitus, diminished vision, headache; 
dizzin drowsiness, mental. confusidn, hyperpnea, hyperven 
lation, tachycardia, ‘Sweating, thirst. Therapeutic doses can 
induce mild or severe allergic reactions which may be mariifested 
by; sky rash, urticaria, angioedema, rhinorrhea, asthma, 
abdominal pain, nausea, vomiting or anaphylactic shock, Some 
pat s cannot take aspirin or other salicylates without 
developing nausea of vomiting, Occasional patients fespond 
to aspiro (usually in large dose) with dyspepsia or heartburn 
(may be accompanied by occult bleeding). Excessive bruising or 
bleeding sometimes seen. in patients with mild primary hemostasis 
disorders who regularly use low doses of aspirin. Prolonged use 
Can cause p s$ erosion of gastric mucosa, occult bleeding and 
infrequent’ n-deficiency anemia. High doses can exacerbate 
peptic u y Ms and, očcasionally, cause extensive bleed 
ing. Excessive bleeding can follow injury or surgery-in patients 
with or out known bleeding disorders who have taken thera 
aspirin doses within preceding 10 days: Hepatotoxicity has 
been reported in association with prolonged use of lar ge aspirin 
doses in lupus erythematosus, rheumatoid arthritis and rheumatic 
disease patients. Bone marrow depression (manifestations. weak 
hess, fatigue, abnormal bruising, bleeding) has occasionally been 
eported, In patients With glucose-6-phosphate de hydrogenase 
eficiency, aspirin Gan cause a mild degree of hemolytic anemia 
hy peruricemic persons, low aspirin doses may reduceeffective 
ness of uricosurics Of precipitate a gout attack 
DOSAGE AND ADMINISTRATION: Adjust dosage atoording 
to pain severity and patient's: response. Wt may occasionally be 
Necessary to exceed USual recommended dosage when pain is 
evere OF patient has become tolerant ta codeine’s analgesic 
effect. Empirin with Codeine is given orally. Usuat-aiiult dose. 
Empirin with Codeine No. 2 or No. 3: 1 or 24ablets every 4 hours 
aS required: Empiritwith Codeine No, 4: tablet every 4 hours as 
required. Tablets should be taken with food of full glass of milk or 
water to lessen gastric irritation, 
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nixed; Escherichia coli 
and Bacteroides fragilis 
“re the most common 
atiologies. 


Seriousness 
er itonitis is often life- 
hreatening—surgery 
lus an appropriate 
àntibiotic can be critical 
o recovery. 


Complications 
Systemic effects of the 
fection—volume depletion 
aith hemoconcentration— 
may lead to shock and severe 
*enal damage. 
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“TD LIKE TO MAKE 
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DOCTOR” 





Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 
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On : of the mo-t 
carefully engineered pieces 


of equipment in the OR. 


It performs reliably 
in hundreds of different 
procedures, has given 
thousands of surgeons 
a sense of security, and 
saved millions of hours of 
OR time. 

It's the Hemoclip® 
ligating clip from Weck. 


(NO 


1. Pre-formed 2. Engulfs 
clip design completely 


3. Closes 
securely 


This remarkable piece 
of equipment isa product 
of the same engineering 
expertise for which Weck 
surgical instruments are 
famous. Every Hemoclip 
clip is pre-formed during 
manufacture to engulf ves- 
sels completely and close 
securely. Wire-drawing, 
heat-treating and other 
processes are carefully 


z IENS: 7 
© Edward Weck & Co., Inc., 1985 #285 











controlled to produce clips 
of uniform excellence. 

No wonder they have been 
used with confidence in 
over 25 million procedures. 


Nothing grips like a 
Hemoclip® clip 
Since 1961, the 
Hemoclip clip has been the 
standard against which all 
others are measured. No 





Weck Hemoclip® ligating clip 





other ligating clip is made 
like it, no other clip per- 
forms like it. Today, there 
are many ligating clips on 
the market. But only one is 
the Hemoclip ligating clip. 

For more information, 
contact your Weck 
representative, or call 
(800) 334-8511. 
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EDWARD WECK & CO., INC., PO. BOX 12600, RESEARCH TRIANGLE PARK, NC 27709 
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rombi, x ee A Ee “permitting flexible and 
irom postai. # — easy application. With the 
é Pee . — “new THROMBOSTAT pump, 

you can achieve hemostasis 
in seconds over large body surface 
~ areas. Each depression of the 
: pump offers an even distribution 
© of THROMBOSTAT ‘uniform hemostasis of the total area. 

» The THROMBOSTAT pun available in a convenient sterile kit that features 
a 20,000-unit vial of THROMBOSTAT (a practical size for procedures involving 
capillary bleeding), an appropriate measure of diluent, and a pump sprayer 
cap. The kit offers sterile packaging—permitting the entire contents to be 
brought directly into the sterile field. With the new THROMBOSTAT kit, 


it has never been simpler 
STERII E to control capillary bleeding. 
Please see next page for brief summary 
of prescribing information. 


© 1984 Warner-Lambert Company p~ 
For more information about the 
convenient THROMBOSTAT™ KIT, 
simply fill out the coupon and mail to: a 


Parke-Davis, Division of Warner-Lambert Company, 
201 Tabor Road, Morris Plains, New Jersey 07950. Attn: Nancy Caprio, 
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THROMBOSTAT™ (THROMBIN. USP)( Bovine Origin} 

Before prescribing, please see full prescribing information. A Brief 

Summary follows: 

Thrombostat must not be injected! Apply on the surface of bleeding 

tissue as a solution or powder. 

INDICATIONS AND USAGE: 7 
TL CIS Lt 








WARNING: Because of its action in the clotting mechanism, Throm- 
bostat must not be injected or otherwise allowed to enter large blood 
vessels. Extensive intravascular clotting and even death may result. 
Thrombostat is an antigenic substance and has caused sensitivity 
and allergic reactions when injected into animals, 

PRECAUTIONS: General: © 
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BRIEF SUMMARY 

NOLVADEX*® (tamoxifen citrate) 10 mg tablets 
Indications and Usage: Nolvadex has proven useful in 

the palliative treatment of advanced breast cancer in 
postmenopausal women. Available evidence indicates that 
patients who have had a recent negative estrogen receotor 
assay are unlikely to respond to Nolvadex 
Contraindications: None known 

Warnings: Ocular changes have been reported in a few 
patients who, as part of a clinical trial, were treated for 
periods greater than one year with Nolvadex at doses at 
least four times the highest recommended daily dose of 

40 mg. The ocular changes consist of retinopathy and, in 
some patients, there are also corneal changes and a de- 
crease in visual acuity 

in addition, a few cases of ocular changes including 
visual disturbance, corneal changes and/or retinopathy 
have been reported in patients treated with Noivadex at 
recommended doses. It is uncertain if these effects are due 
to Nolvadex 

As with other additive hormonal therapy (estrogens and 
androgens), hypercalcemia has been reported in some 
breast cancer patients with bone metastases within a few 
weeks of starting treatment with Nolvadex. If hypercalcemia 
does occur, appropriate measures should be taken anc, if 
severe, Nolvadex should be discontinued 
Precautions: General: Noivadex should be used cautiously 
in patients with existing leukopenia or thrombocytopenia 
Observations of leukopenia and thrombocytopenia occa- 
sionally have been made. but it is uncertain if these effects 
are due to Nolvadex therapy. Transient decreases in platelet 
counts, usually to 50,000-100.000/cu mm. infrequently lower, 
have been occasionally reported in patients taking Noivadex 
for breast cancer. No hemorrhagic tendency has been 
recorded and the platelet counts returned to normal levels 
even though treatment with Nolvadex continued 

Laboratory Tests. Periodic complete blood counts, includ- 
ing platelet counts, may be appropriate 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Endocrine changes in immature and mature mice were 
investigated in a 13-month study. Various tumors were found 
in all treated groups which were related to the estrogenic 
activity of the compound 

A 14-month chronic study to investigate the effects of iow 
doses in mice was performed. No gonadal tumors were found 

Pregnancy Category C: Nolvadex has been shown to 
affect reproduction functions in rats when given at dose 
leveis somewhat higher than the human dose. In reproduc- 
tive studies in rats, developmental changes of the rib were 
seen, There are no adequate and well-controlled studies in 
pregnant women. Noivadex should be used during preg- 
nancy only if the potential benefit justifies the potential risk 
to the fetus 

Nursing Mothers: It is not known whether this drug is 
excreted in human milk. Because many drugs are excreted 
in human miik and because of the potentia! for serious 
adverse reactions in nursing infants from Nolvadex, a deci- 
sion should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of 
the drug to the mother 
Adverse Reactions: The most frequent adverse reactions 
to Nolvadex are hot flashes, nausea, and vomiting. These 
may occur in up to one-fourth of patients, but are rarely 
severe enough to require discontinuation of treatment 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity 
to require dosage reduction or discontinuation of treatment 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with 
a good tumor response. Patients with increased bone pain 
may require additional analgesics. Patients with soft tissue 
disease may have sudden increases in the size of preex:st- 
ing lesions, sometimes associated with marked erythema 
within and surrounding the lesions, and/or the development 
of new lesions. When they occur. the bone pain or disease 
flare are seen shortly after starting Nolvadex and generally 
subside rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia. peripheral edema, distaste for food. pruritus 
vulvae. depression, dizziness, light-neadedness, and 
headache. 

if adverse reactions are severe, it is sometimes possib'e to 
control them by a simple reduction of dosage without loss of 
control of the disease. 

Overdosage: Acute overdosage in humans has not been 
reported. Signs observed at the highest doses following 
studies to determine LD... in animais were respiratory difi- 
culties and convulsions No specific treatment for over- 
dosage is known; treatment must be symptomatic 
Dosage and Administration: One or two 10 mg tablets 
twice a day (morning and evening} 

How Supplied: Tablets of 10 mg tamoxifen citrate (round, 
biconvex, uncoated. white tablet identified with Nolvadex 
600 debossed on one side and a cameo debossed on the 
other side) are supplied in bottles of 60 tablets and 250 
tablets. Protect from heat and tight. NDC 0038-0600 
inactive ingredients: Carboxymethyiceliulose calcium, 
magnesium stearate, mannitol. starch Rev D 12/84 
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Blood Test kit is chemically 
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Vascular Surgery and Accreditation 





WARD O. GRIFFEN, JR., M.D. 


- As vascular surgery emerged from its puberty, almost 
20 years ago, a number of problems were identified cor- 
rectly by those surgeons who concentrated their efforts in 
the field. (1) Patients were being seen whose vascular pro- 
cedures had been performed unsatisfactorily; (2) vascular 
operations were being performed when a nonsurgical ap- 

= proach seemed more appropriate; (3) improved and im- 
proving diagnostic techniques were being ignored; and (4) 
research in the field by surgeons was pedestrian or worse. 

They. expressed these concerns to and through the Joint 
Council of the two National Vascular Societies—The So- 
ciety for Vascular Surgery (SVS) and the North American 
Chapter of the International Society of Cardiovascular 
Surgery. (ISCVS). 


According to a history developed:and maintained by . 


James W. Humphreys, Jr., M.D., the Executive Director 
of the American Board of Surgery during these eventful 
years, the two National Vascular Societies approached 
the American Board of Surgery (ABS) in 1972 with the 
request that the Board develop a Certificate of Special 
Qualifications in Vascular Surgery to identify those in- 
~ dividuals who possessed expertise in vascular surgery 
above and beyond that expected of Board-certified general 
surgeons. One of the main proponents of this additional 
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‘recognition in vascular surgery, Dr. Edwin J. Wylie of 


San Francisco, developed a questionnaire during 1972- 
1973, which was answered by more than 200 “vascular 
surgeons.” In disclosing the results of that questionnaire, 
Dr. Wylie indicated that the consensus was that approx- 
imately’74 major vascular procedures annually were nec- 
essary as a minimum for a surgeon to maintain his ca- 


-pabilities in performing vascular surgery. In the meantime, 


the American Board of Surgery, having first reviewed the 
possibility of a special certificate, recognized some diffi-. 
culties with the details, particularly in the educational 
component, and requested that the Board and the two 
National Vascular Societies establish a committee for ap- 
propriate dialogue. 

In June 1973, after this group had met and discussed 
the matter over many hours, the ABS approved the pro- 
posal for a Special Certificate in Vascular Surgery in prin- 
ciple. The Board, in concert with an ad hoc committee 
from the two vascular societies, began to develop some 
guidelines for training programs in vascular surgery with 
particular emphasis on education. At that time, the 
American Board of Thoracic Surgery (ABTS) decided not 
to participate officially. By January ‘1974, although there 
had been considerable discussion on vascular surgery cer- 
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tification, no action had taken place. Indeed, during that 
year there was an intense, but short-lived, attempt within 
the ABS to discard the idea of a special certificate alto- 
gether. By January 1975, the ABS had established a Vas- 
cular Committee, which would include representatives of 
the vascular societies, to outline the requirements to be 
admitted to the examination, as well as to begin the actual 
development of a written examination. In June 1975, the 
Committee reported on training and standards of quality. 
However, by 1976, because of second thoughts, the Com- 
mittee, while reaffirming the educational goals, had de- 
cided against a formal certificate and requested the Res- 
idency Review Committee for Surgery (RRC) to include 
close scrutiny of the vascular experience within the general 
surgery program they reviewed. This plan was approved 
by the ABS in recognition of the fact that it was not an 
accrediting body. However, by 1978-1979, an impasse 
had been reached because the ACGME held that the RRC 
could not inspect a fellowship or program unless it led to 
a certificate. Meanwhile, the American College of Sur- 
geons had begun to express reservations about the special 
certification process. 

While this debate was continuing, the Vascular Societies 
were becoming impatient because nothing seemed to be 
happening. No mechanism was available for the identi- 
fication of fellowship programs, and the Board had not 
even initiated the process of obtaining approval for a spe- 
cial certificate from the American Board of Medical Spe- 
cialties (ABMS). Meanwhile “Vascular Fellowships” were 
springing up all over the country, which led to the some- 
times ludicrous situation of individuals who had spent a 
year in these “Vascular Fellowships” being granted priv- 
ileges in some hospitals to perform vascular operations 
while graduates of excellent vascular programs within a 
general surgery residency were being denied such privileges 
at the same institutions. In June 1979, the SVS/ISCVS 
established the Program Evaluation & Endorsement 
Committee (PEEC), and evaluation and approval of de 
facto programs were initiated. From 1977 to 1981, PEEC 
approved 53 programs in the United States and three pro- 
grams were approved in Canada. However, the ABS and 
ABTS did not believe that learned societies should be in- 
volved in the accreditation process. By 1981, agreement 
was finally reached among the various interested groups, 
and, after a report from the Vascular Committee at the 
June 1981 meeting, a decision was made that the ABS 
should apply to the ABMS for permission to award a Spe- 
cial Certificate in Vascular Surgery. 

Following this prolonged and ofttimes heated debate, 
the ABS and RRC had several issues to deal with before 
full implementation of Certification of Special Qualifi- 
cations in Vascular Surgery would be a reality: 

1. Obtaining permission to award a Special Certificate. 


GRIFFEN, HUMPHREYS, AND FOLSE 


Ann. Surg. » March 1986 


2. Establishing the educational requirements for admis- 
sion to the examination. 
3. Establishing other requirements, if any, for admission 
to the examination. 
. Developing the examination process itself. 
6. Evaluating and approving vascular surgery fellowship 
programs. 
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Special Certification 


Once the decision had been made that the ABS would 
award a special certificate, it was then necessary to submit 
a proposal to the ABMS for permission to award such a 
certificate. The proposal had to contain information pre- 
scribed by the ABMS, such as the name of the certificate; 
justification on the basis of a distinct body of knowledge; 
educational and training requirements; other special re- 
quirements, if any; a policy regarding individuals who do 
not meet the training requirements but who are recognized 
in the field; a curriculum: a concept of the examination 
procedures; and a statement of impact of such a program 
on established residencies. The Vascular Committee de- 
liberated on these matters culminating in their report at 
the June 1981 meeting of the ABS. This led to a document 
containing the necessary information, although not in fi- 
nal form, which was submitted to the ABMS in November 
1981 to be debated at their March 1982 meeting. 

An example of issues that required much thought and 
discussion can be seen in the name of the current certif- 
icate: A Certificate of Special Qualifications in General 
Vascular Surgery. Much of the impetus for this certificate 
was to assure the public that a competent vascular surgeon 
would perform vascular procedures. However, it has long 
been recognized that no examination process can measure 
adequately the competence of an individual; it can assure 
that the individual has had proper training and possesses 
a certain amount of knowledge. It is assumed that such “ 
training and knowledge will be translated into compe- 
tence, and thus the certificate is one of special qualifica- 
tions not special competence. Permission to award a special 
certificate requires a two-thirds majority vote of the 
member Boards of the ABMS. During the meeting in 
March 1982, it was necessary to add the word “general” 
to the title of the certificate, A Certificate of Special Qual- 
ifications in General Vascular Surgery, to be assured that 
several other surgical specialty Boards would vote to ap- 
prove the certificate. Approval was obtained. 

Since the proposal contained the policy that everyone 
who receives a certificate would have to do so by exam- 
ination, and since time was of the essence, it was felt that 
an examination should be held as soon as possible. There- 
fore, Dr. George E. Cruft, Associate Director for Exam- 
ination and Evaluation of the ABS, worked with the Vas- 
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cular Surgery Committee to develop an examination cón- 
taining items in vascular’ surgery that could be 
administered at the June 1982 meeting of the ABS. This 
examination was completed successfully by 14 well-rec- 
ognized vascular surgeons, including Dr. Wylie himself. 


_ Training Reqùirements 

It has been a , long-standing policy of the O R 
Council for Graduate Medical Education (ACGME), 
which oversees the activities of all Residency Review 
Committees, that those committees could review and ac- 
credit programs only if there was a certificate issued on 
completion of the program. When the ABMS. granted 
permission for the. issuance of a spécial certificate, the 
RRC was asked to begin evaluation of vascular programs, 
since there was now a cértificate related to the discipline. 
The RRC, after considerable review of PEEC activities, 
developed the essentials and applications that could -be 
submitted to the RRC for program approval. Both PEEC 
and non-PEEC approved vascular programs began ap- 
plying for approval, and the RRC began réviewing pro- 
grams in 1983, following which the first accreditations 
were made in 1984. 

Meanwhile, the Vascular Surgery Committee of the 
ABS, which had already been supplemented by the ad- 
dition of two noted vascular surgeons, Drs. H. Edward 
Garrett and Jesse E. Thompson, was continuing to delib- 
erate about thé necessary requirements to be admitted to 
the examination process. Eventually, they decided that 
the training requirements could be miet in either of two 
ways: 

i. Satisfactory completion of a PEC endorsed fellow- 

ship. í 
2. Satisfactory complëtion of a residency program in 

General Vascular Surgery that has received formal ac- 

creditation by thé Accreditation Council on Graduate 

Medical Education or the Residency Review Com- 

mittee for Surgery., _ 

To accommodate Diplomatés who had besn dedicated 
to the discipliné-of general vascular surgery from before 
July-1, 1978, when no PEEC endorsed or ACGME ac- 
credited programs existed, the Board. stated that those in- 
dividuals who had not received such formal training would 
be considered admissible io the examination; provided 
they had been in practice for 5 or more years since com- 
pletion of a residency i in general and/or thoracic surgery, 
and provided they met the specific requirements. Appli- 
cations from this group of iridividuals would be acceptable 
until June 30, 1989. These training requirements were 
first established at the January 1983 Board meeting, were 
published later that year in a Booklet of Information, and 
have not been changed except for extension of the time 
of acceptance of Fellows in the PEEC endorsed programs. 
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_ The Specific Requirements 
. This area has probably | created more confusion and 
heated discussion than anything else in the entire process 
of Certification of Special Qualifications i in Général Vas- 
cular Surgery. As. with all additional certificates granted 
by. the ABS, the individual (1) must be a Diplomate of 
the American Board of Surgery or the. American Board 
of Thoracic Surgéry, (2). must hold uiirestricted licensure 
to practice medicine in the United States or Canada, (3) 
must have an ethical standing i in the profession and moral 
status in the corimunity acceptable to the Board, and (4) 
must have satisfactorily completed training as indicated 
above. In addition, candidates for thie vascular certificate 
must be actively engaged i in the präctice of surgery with 
a major practice commitment to the discipline of general 
vascular surgery as indicated by holding full surgical Pay 
ileges i in approved hospitals.: . ` 

The next specific requirement has beet the subject ‘of 
much debate for a number of years. It contains two: féa- 
tures: (1) a given number, variety, and outcome of vascular 
procedures; and (2) other commitments to the discipline 
of general vascular surgery sucti as teaching, research, and 
similar dctivities. The debate on the number’ of. procedures 
began about the § same time that Dr. Wylie had forwatded 
the results of his questionnaire and continued until a final 
decision was made at the meeting of the Americaii Board 
of Surgery in January 1983. Dr. Wylie’s questionnaire 
mentioried a figure of 74 major Vascular procedures an- 
nually as a minimum to. maintain competence. The 1976 
ABS Minutes reflect, that that was a target figure. In 1978, 
Dr. James A. DeWeese, in his Presidential Address to the 
Séciety of Vasciilar Surgery, pointed out that it is difficult 
to establish firm numbers since individuals vary witli Te- 
gard to their ability to achievé competencë. Nevertheless, 
he, too, mentioned the figure of approximately 70 cases 
as 4 minimum in a 12-month period. Duting subsequent 
deliberations fegarding the operative experience of Vas- 
cular Fellows and vascular surgeons, the ABS Minutes 
again reflect. that a number of 1% to two cases. per week 
seemed appropriate, which, during a a l-year period, would 
be approximately 100 casés. 

During the January 1983 meeting of the ABS, the nial 
decision. was made regarding the jiumber, variety, and 
outcome of vascular cases:.It was placed into the Booklet 
of Information regarding General Vascular. Surgery in the 
1983 publication, which was reissued intact. in October 
1984 and stated with regard to clinical material as follows: 


Having managed, as the responsible surgeon, : approximately 100 
cases with major vascular reconstructive procedures within a fecent 
12 month period of practice (cases from Fellowships or residencies 
are not creditable). The cases must be representative ofa wide spec- 
trum of vascular disorders and not limited to ohe or two entities. 
The indications for surgery, the morbidity-mortality statistics and 
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outcomes must be within the standards established by the 
Board... . 


The other part of this specific requirement addressed 
the issue of other contributions to the discipline of general 
vascular surgery, which were to be documented by the 
individual applying to sit for the examination. The reason 
for this requirement was that the Board intended Certi- 
fication of Special Qualifications in General Vascular 
Surgery of only those “who by virtue of intensive or ad- 
ditional training, dedicated practice characteristics and 
contributions to this discipline have demonstrated qual- 
ifications which are indeed very special and above those 
expected of certified general or thoracic surgeons.” In 
other words, it was felt appropriate that the certificate 
should not be awarded to individuals who simply per- 
formed a large number of vascular procedures without 
contributing anything else to the discipline. Again, this 
area was debated over a number of years, and at the Jan- 
uary 1983 meeting the final decision was made regarding 
this portion of the requirement. It, too, was published in 
the Booklet of Information about general vascular surgery 
in 1983 and has remained the same since that time: 

Having made contributions to the discipline of general vascular 

surgery which are considered to be special by the Board. Contri- 

butions may be made in multiple ways, i.e., research, either labo- 
ratory or clinical; publications in national journals; presentations 
at regional or national professional meetings; teaching of students, 
interns, residents, and Fellows; active academic appointments; 
membership and participation in regional and national vascular 


societies; and other actions which influence improvement in vascular 
surgery in the local community... . 


Problems Associated with the Certification Process 


As the certification process has developed, a number 
of problems have been identified. It is appropriate to ad- 
dress those problems to put them in perspective. 


Accreditation of Vascular Surgery Programs 


Several complaints have been registered against the 
RRC and the Board because numbers have now been 
used to determine adequacy of experience. While it is true 
that neither organization has “gone by the numbers” in 
the past, they have always looked at operative experience 
as a general guide and have become concerned about the 
scant experience in several areas that some surgeons in- 
dicate as their 5-year experience during residency training. 
One of these areas includes vascular surgery. Moreover, 
as stated in the beginning, one of the concerns voiced by 
the vascular soci¢ties to the Board was that vascular pro- 
cedures were being done by certified general surgeons in 
an inadequate manner, which may have been a reflection 
of their lack of experience during a residency. Therefore, 
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using PEEC program data, resident’s record information, 
and the numbers reported by vascular surgeons, some of 
whom had been presidents of the two major vascular so- 
cieties, the RRC determined that adequate experience for 
a general surgery resident during 5 years was approxi- 
mately 40 major vascular reconstructive cases as the re- 
sponsible surgeon, and a similar number for a vascular 
Fellow was approximately 80 in a 12-month period. Since 
the ABS and the RRC still believe that vascular surgery 
is a primary component of general surgery, it seems ap- 
propriate that the experience for the Senior Resident in 
General Surgery be sufficient to educate him or her in 
that area. 


The Specific Requirement of Performing 100 Major Vas- 
cular Reconstructive Procedures in a 12-Month Period 


There have been a number of complaints that a young 
vascular surgeon just getting started cannot perform 100 
major vascular reconstructive cases in a 12-month period. 
This is probably true. This represents another unique fea- 
ture of the Certificate of Special Qualifications in General 
Vascular Surgery. For the first time, the requirements of 
the Certificate are such that some time in practice is re- 
quired before an individual can sit for the examination. 
While this is unique in ABS experience, it is not without 
precedent. Four other Boards, namely Neurological Sur- 
gery, Orthopedics, Plastic Surgery, and Urology, have a 
practice requirement before an individual can become 
certified by examination. 


Changing of Requirements 


The ABS and the RRC have heard, on a number of 
occasions, statements ascribed to a knowledgeable indi- 
vidual or a society that the ABS was going to change its 
requirements to be admitted to the examination process. 
In fact, the ABS has been accused of having changed the 
requirements several times already. The specific require- 
ments that were quoted above were finalized at the Jan- 
uary 1983 meeting of the ABS. They were first published 
in a Booklet of Information in 1983, and they have been 
republished in a Booklet in 1984. They have never 
changed since they were first promulgated in writing. 


Other Contributions 


A number of young surgeons, particularly those in pri- 
vate practice, have complained that they cannot meet the 
other requirement of additional contributions to vascular 
surgery. Again, the Board recognizes that one cannot be 
elected into one of the major vascular societies until some 
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practice in vascular siirgery has elapsed. This is simply 
another indication that to be admitted to the examination 
does require some years in practice. It is hoped that the 
vascular societies will not require the certificate as a pre- 
requisite for becoming a member of the societies since 
this would, indeed, represent á catch-22 situation. 


Use of the Certificate 


From the very beginning, the ABS has stated that this 
Certificate will be used to identify individuals who have 
demonstrated qualifications that are, indeed, very special 
and above and beyond those expected of other certified 


-general or thoracic surgeons. The ABS also believes that 


the certificate should riot be used by those possessing it 
to restrict those who do not possess it from performing 
vascular surgery procedures. There are many Diplomates 
of the ABS ‘who do not possess the Certificate of Special 
Qualifications in General Vascular Surgery, but who are 
capable of, and are performing, vascular procedures in an 
exemplary manner. These individuals should not be ex- 
cluded from performing such procedures just on the basis 
of whether they hold a given certificate or not. In other 
words, this Certificate, like any certificate, is not a license. 
However, the ABS has had a longstanding policy of not 
becoming involved in hospital credentialing per se. 
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Why T each a General Surgeon Major Vascular Proce- 
dures? 


There are three good answers to that question. (1) Re- 
gardless of primary interest, during his or her career, a 
general surgeon will be called on to render vascular care 
in ari emergency situation; (2) vascular surgery is a primary 
component of general surgery; and (3) eductionally, eper- 
ience in the performance of vascular procedures improves 
the surgeon’s technique in other operations. 

The ABS and the Residency Review Committee for 
Surgery have been charged with the maintenance of qual- 
ity within the discipline of general surgery. Quality of pro- 
grams and of the examination procedure lead to a quality 
product and are our guiding principles. We feel it is ex- 
tremely important to maintain and protect that quality. 

WARD O. GRIFFEN, JR., M.D. 
Executive Director 

The American Board of Surgery 
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This study is a retrospective review of the effect of nutritional 
support on duration of hospitalization in patients undergoing 
radical cystectomy. Thirty-five patients were randomly assigned 
to receive either 5% dextrose (D;W) solution plus electrolytes 
or total parenteral nutrition (TPN) following operation. The as- 
signed nutritional regimen was continued for 1 week after op- 
eration until oral intake resumed. If the patients receiving DsW 
remained incapable of oral intake after 1 week, TPN was insti- 
tuted. The group receiving immediate postoperative TPN had a 
median duration of hospitalization of 17 days, while the median 
duration for the group receiving 5% dextrose solution was 24 
days. All other patient characteristics, such as age, sex, stage/ 
grade of tumor, and extent of preoperative radiotherapy, were 
similar in the two groups. These results demonstrate that im- 
mediate postoperative institution of nutritional support reduced 
hospitalization time following radical cystectomy. This indicates 
that the routine use of 5% dextrose as postoperative nutrition 
should be reevaluated. 


HE PREVALENCE of malnutrition in the hospital- 
ized patient population is well known!”; it has 
been found to contribute to operative mortality 

and morbidity.’ The efficacy of nutritional support as a 
factor in reducing mortality and morbidity has been ex- 
tensively investigated in malnourished patients under- 
going major surgery“ °; a number of independent inves- 
tigators have reported that correcting malnutrition before 
operation has a salutary effect on the rate of postoperative 
complications. Studies utilizing early postoperative par- 
enteral nutritional support have failed to demonstrate a 
significant improvement in convalescence following car- 
diac surgery,” but following esophagogastrectomy,'? early 
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postoperative parenteral nutrition has been suggested to 
improve convalescence. 

This study examines whether early institution of par- 
enteral nutrition will affect convalescence, as measured 
by duration of hospitalization, in patients who have un- 
dergone radical bladder cystectomy. As part of a series of 
studies of the metabolic effects of total parenteral nutrition 
(TPN), patients were randomly assigned to receive either 
5% dextrose solution or TPN in the immediate postop- 
erative period. These patients were not malnourished prior 
to surgery. The duration of hospitalization was retro- 
spectively reviewed; it was not an issue in the initial study 
design. 


Methods 


Thirty-five patients undergoing radical bladder cystec- 
tomy were admitted to the study protocol. The initial in- 
tent of the study was to examine the metabolic effects of 
early postoperative nutritional support. The measure- 
ments performed in the study protocols included nitrogen 
balance, metabolic rate, and free fatty acid turnover. 
These studies were carried out between 1982 and 1984, 
The metabolic data collected have been reported previ- 
ously.''"'3 The patients were randomly assigned to receive 
either 5% dextrose or total parenteral nutrition (TPN) at 
24 to 48 hours following surgery. Total parenteral nutri- 
tion was given as one of two regimens, a glucose or a lip- 
id system. 

The patients receiving total parenteral nutrition re- 
ceived a caloric intake of 1.3 to 1.6 times the predicted 
resting energy expenditure.'* Nitrogen intake varied be- 
tween 280 and 400 mg/kg. The nonprotein calories were 
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TABLE 1. Age, Sex, Preoperative Weight, Radiotherapy, Severity of Tumor, and Preoperative Albumin Level* 
Tumor 
Sex GR Stage Preoperative 
Weight Radiotherapy Albumin 
N Age M/F (kg) (N) H HI IV A B C D (g %) 
5% dextrose 13 67 + 3.0 8/5 714 7 2 4 3 8 2 0 3741 
TPN 22 66 + 1.7 18/4 72 +3 il 3 l1 8 7 9 3 3 3.91 





* There are no significant differences between the two groups. 


given as either glucose alone (glucose system) or a 50% 
mixture of glucose and lipid (lipid system). Patients re- 
ceiving 5% dextrose solution received approximately 400 
kcal/day of carbohydrate plus appropriate amounts of so- 
dium and potassium chloride. In both groups, intravenous 
fluid therapy was continued until oral intake resumed. 

Patients were not allowed oral caloric intake for the 
first 6-7 postoperative days; following this period, oral 
intake was gradually resumed. We recently reviewed the 
duration of hospitalization of this patient group, a param- 
eter not considered during the performance of the study. 
After the period in which metabolic measurements were 
performed, i.e., the first 7 days following surgery, the pa- 
tients were discharged to routine ward care and were no 
longer followed by the research staff. 

The course of each patient was reviewed with respect 
to duration of hospitalization, morbidity, and mortality. 


Statistical Analysis 


The effect of nutritional support on length of hospital 
stay was assessed, using techniques of survival analysis. 
In this framework, an observation is considered censored 
if a patient dies or withdraws from the study after the start 
of the nutritional regimen for reasons unrelated to his or 
her medical condition. In the present study, only the two 
patients who died from sepsis after admission to the study 
were held to be censored. For each group, the proportion 
of patients remaining hospitalized at a given time after 
admission was estimated, using methods of Kaplan and 
Meier.'® A comparison of length of hospitalization be- 
tween the groups was performed using the logrank test,'° 
a nonparametric procedure used in survival analysis. 


Results 


The D;W and TPN groups were comparable with re- 
spect to demographic characteristics, tumor stage, and 
grade and preoperative therapy. The mean age of the pa- 
tients receiving D;W and TPN was 67 + 3 (SE) and 66 
+ 1.7 years, respectively. The average weight was 71 + 4 
and 72 + 3 kg, respectively. Of the 13 patients in the DW 
group, seven received preoperative radiotherapy, as did 


11 of the 22 patients in the TPN group. Tumor stage and 
grade were similar in both groups. Preoperative albumin 
was 3.7 + 0.1 in the D;W group and 3.9 + 0.1 in the TPN 
group (Table 1). 

In the group receiving total parenteral nutrition, there 
was one significant complication, a case of wound dehis- 
cence that necessitated hospitalization of the patient for 
79 days. The median duration of hospitalization in this 
group was 17 days. Among the patients receiving 5% dex- 
trose solution, there were two major complications. In 
both instances, intra-abdominal sepsis developed, fol- 
lowed by death. 

Figure | displays Kaplan-Meier '* estimates of length 
of hospitalization for patients undergoing cystectomy. 
This data demonstrate a markedly shorter length of hos- 
pital stay for patients receiving total parenteral nutrition 
(median stay: 17 days) as compared to those receiving 5% 
dextrose (median stay: 24 days). This difference was found 
to be highly significant (p < 0.002), using the logrank 
test.’ 

The fact that patients were randomly assigned to receive 
either D;W or TPN, together with the comparability of 
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Fic. |. The duration of hospitalization is shown. The group receiving 
TPN had a shorter median duration of hospitalization than the group 
receiving D,W (17 vs. 24 days; p < 0.00. k mark (') indicates last 
follow-up (ie., death). ; 
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patient characteristics between groups, supports the as- 
sertion that a statistically significant difference in hospital 
stay can be attributed to the use of TPN. 


Discussion 


The important role of parenteral nutrition in reversing 
malnutrition in patients unable to sustain oral intake is 
well established. The efficacy of parenteral nutrition dur- 
ing the immediate postoperative period in patients not 
previously malnourished (albumin greater than 3.5) re- 
mains unclear. Although nitrogen loss and energy re- 
quirements are increased in the perioperative period, it 
has not yet been established whether provision of nutrients 
that will correct these deficits will also improve postop- 
erative convalescence. A number of studies have sup- 
ported the concept that patients with pre-existing mal- 
nutrition have an increased mortality and morbidity fol- 
lowing surgical procedures.'’"'? Malnutrition has been 
associated with increased abdominal wound disruption, 
delayed gastric emptying, increased surgical infection 
rates, and poor wound healing. ™™?4 

Preoperative total parenteral nutrition in patients with 
malnutrition, particularly when this is associated with a 
low albumin, is increasingly becoming a useful therapeutic 
intervention. Mullen et al. demonstrated a reduction in 
major complications with preoperative parenteral nutri- 
tion in patients with gastrointestinal carcinoma. These 
investigators used the prognostic nutritional index (PNI) 
to identify malnourished patients at risk for postoperative 
complications and demonstrated a reduction in operative 
mortality and morbidity with preoperative nutritional 
support. Starker et al.* demonstrated that 1 week of pre- 
operative nutritional support resulted in a reduction in 
complication rates when a rise in serum albumin occurred. 
In patients who did not show a clear rise in albumin after 
1 week of nutritional support, a 3- to 5-week period of 
TPN was necessary to reduce complication rates.’ 

The efficacy of parenteral nutrition in the postoperative 
period is less well established. This is particularly true in 
previously well nourished patients undergoing elective 
surgery in whom a return to oral intake is expected within 
5-7 days. Abel et al.” studied the effect of immediate 
postoperative parenteral hyperalimentation and found no 
improvement of the course of malnourished patients un- 
dergoing cardiac surgery. However, the nutritional regi- 
men that they used supplied a daily caloric intake of only 
1000 to 1400 keal/day. Holter and Fischer” demonstrated 
that a combined pre- (3-day) and postoperative (10-day) 
period of nutritional support reduced complication rates 
in malnourished patients with gastrointestinal carcinoma 
and weight loss. 

In the present study, we did not observe significant sur- 
gical complications in the D,W group that offer an ex- 
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planation for the results obtained. We observed what 
seemed to be a reduction in the rate of resumption of 
activity of daily living. The data of Russell and Jeejeebhoy 
et al.?™? offer an explanation for this phenomenon. These 
investigators demonstrated that hypocaloric dietary and 
fasting alter the contraction-relaxation characteristics of 
skeletal muscle and result in low frequency fatigue. This 
phenomenon ts accompanied by structural and biochem- 
ical changes in muscle, including increased intracellular 
calcium, decreased enzyme levels, and Type II fiber atro- 
phy. Impaired muscle function could be a factor in a re- 
duced rate of activity, such as getting out of bed. 

The present study demonstrates that immediate post- 
operative parenteral nutrition results in a reduction in 
hospitalization time. This occurred in patients with no 
significant degree of preoperative malnutrition. The study 
represents a small sample size and requires confirmation. 
It should be noted that this study was randomized but 
not double blind and was a retrospective review of data 
not collected during the actual performance of the study. 
Furthermore, during the course of these studies, the pur- 
pose of instituting immediate postoperative parenteral 
nutrition was to examine the metabolic effects of nutrients 
in the stress state; we did not originally intend to examine 
duration of hospitalization. In addition, after the period 
of randomized nutritional therapy and metabolic mea- 
surements, the patients were transferred out of the Surgical 
Metabolism Unit to routine ward care; we did not follow 
the course of the patients beyond this point. The data 
presented here were obtained by retrospective review of 
hospital records. So far as we could determine, the re- 
duction in hospitalization time in the group that received 
early aggressive nutritional therapy was not due to indi- 
vidual, clearly identifiable, factors (e.g., improved wound 
healing). Rather, it seemed that the D;W group had a 
slower convalescence with a decreased rate of return of 
postoperative activity. 

Further studies are necessary to document the appli- 
cation of this finding to patients undergoing other major 
surgical procedures. 
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The relationship between cancer, weight loss, and resting energy 
expenditure (REE) has been investigated in 136 patients using 
indirect calorimetry. Ninety-one patients had gastric, colorectal, 
or nonsmall cell bronchial neoplasm, seven patients had other 
malignancies, and 38 patients had nonmalignant illness. Four 
groups were studied: weight stable cancer patients (CWS: N 
= 56), weight losing cancer patients (CWL: N = 42), weight 
stable patients with nonmalignant illness (NCWS: N = 22), and 
weight losing patients with nonmalignant illness (NCWL: N 
= 16). In each group REE correlated significantly with body 
weight, metabolic body size, and lean body mass (LBM: estimated 
from total body water measurements). The closest correlation 
was between REE and lean body mass, with the slope of the 
CWL regression line differing significantly from that of the CWS 
(p < 0.05) and NCWS (p < 0.02) groups. However, there was 
no difference in REE expressed as kcal/kg LBM/d between the 
groups. The slopes of the regressions between REE and LBM 
were almost identical when all cancer patients were compared 
with all patients with nonmalignant illness. However, when all 
weight stable patients were compared with all weight losing pa- 
tients, there was a highly significant difference between the slopes 
of the regressions (p < 0.005). This indicates that the weight 
losing state rather than the presence or absence of cancer is 
responsible for an alteration in the relationship between REE 
and LBM. There were no differences in REE between the dif- 
ferent tumor types. It is concluded that REE is not elevated in 
patients with gastric, colorectal, or nonsmall cell bronchial can- 
cer. Elevation of REE contributes very little to the etiology of 
cancer cachexia. 


ACHEXIA IS a common feature of advanced ma- 
lignancy.'“° In many patients, anorexia or alter- 
ation in the function of the gastrointestinal tract 

could account for the observed weight loss.’~? In some 
patients, however, weight loss seems to occur in the ab- 
sence of any obvious cause.'° Over the past 70 years, many 
authors”''-?? have suggested that an increased resting en- 
ergy expenditure (REE) may be a contributing factor in 
the development of cancer cachexia. Most of these studies, 
however, have been poorly controlled. For example, 
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Macfie and colleagues”? compared cancer patients with 
younger weight stable controls, while others’®-!? have 
studied patients with cancer but have offered no control 
data. 

The aim of this study was to determine whether REE 
was increased in cancer patients who were losing weight. 
These patients were compared with three other groups: 
cancer patients without weight loss and groups of weight 
losing and weight stable patients with nonmalignant ill- 
ness. The relationship between REE and various expres- 
sions of body size has been investigated, and the effects 
of cancer and weight loss on these relationships have been 
determined. 


Patients and Methods 


One hundred thirty-six patients were included in the _ 
study. Cancer was proven histologically in 98 patients, 
and a control group of 38 had nonmalignant disease. Of 
the 98 cancer patients, 56 had lost little or no weight 
(weight stable) and 42 had lost more than 10% of their 
pre-illness weight (weight losing). The controls were sim- 
ilarly divided into 22 weight stable and 16 weight losing 
patients. Pathological diagnoses are shown in Table 1. 
The mean weight loss expressed as a percentage of the 
mean pre-illness weight and the mean weight loss per 
month during the period of illness are shown in Table 2. 
Patients who had clinical or bacteriological evidence of 
infection and those who had undergone surgery in the 
preceding year were not included in the study. In the can- 
cer patients, the presence or absence of liver metastases 
was assessed by hepatic ultrasound and computerized to- 
mography and confirmed histologically at subsequent 
laparotomy. Eleven of the weight stable patients and eight 
of the weight losing patients had liver metastases. 
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Measurements of energy and carbon dioxide produc- 
tion were made using an indirect calorimeter with a rigid 
canopy,” a very sensitive paramagnetic oxygen analyser 
(Servomex Ltd, Crowborough, Sussex, U.K.), and an in- 
frared carbon dioxide analyser (Sieger Ltd, Poole, Dorset, 
U.K.). The whole system provides measurements of VO, 
and VCO, that have an error of less than +5%. The equip- 
ment was calibrated frequently using oxygen-free nitrogen, 
0.80% carbon dioxide, and air of a known barometric 
pressure. The sensitivity and accuracy of the calorimeter 
was checked periodically by burning butane gas in the 
canopy. The 80 estimates of VO, and VCO, collected 
during each calorimeter run of 40 minutes were processed 
on line by a microprocessor and converted to mean energy 
production (watts) and respiratory quotient (RQ) using 
the formula of Weir”: 


REE (kcal/d) = (3.9 vo; + 1.1 VCO.) 1440 min/day 
where 
kcal/d = watts X 20.65 


VO., = oxygen consumption (1/min) 


VCO, = carbon dioxide production (1/min) 





As the patients received nothing orally, they were given 
80 ml of 5% dextrose solution per hour intravenously for 
the 12 hours prior to calorimetry to maintain body hy- 
dration. This input provided only 192 kcal of energy, 
which is a small proportion of the total resting energy 
expenditure. Each study began at 9:00 AM, patients having 
remained in bed since wakening. The 40 minute calorim- 


eter run was preceded by a 30 minute acclimati- 


zation run. 
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TABLE 1. Pathology 


Cancer 
Weight Stable Weight Losing 
(N = 56) (N = 42) 
` Colorectal 36 19 
Gastric 12 12 
Bronchial 5 7 
Other 3 4 
Control 
Weight Stable Weight Losing 
(N = 22) (N = 16) 
Peptic ulceration 3 8 
Cholelithiasis 14 3 
Other - 5 5 


Lean body mass (LBM) was derived from the mea- 
surement of total body water. Tritiated saline (4 MB,) 
was injected intravenously, and serum samples were ob- 
tained 3 and 4 hours after injection. During the period 
of equilibration, all urine passed was collected to measure 
the loss of tritium in urine. LBM was derived from the 
volume of body water, assuming that lean tissue contains 
73% water.” 

An estimate of daily protein and energy intake prior - 
to the overnight fast, together with measurements of mid- 
arm muscle circumference (MAMC) and triceps skinfold 
thickness (TST), were obtained by a dietitian who was 
unaware of each patient’s diagnosis. In addition, serum 
albumin and transferrin concentrations were measured. 

The Mann-Whitney U-test was used for the statistical 
analysis of nonparametric data. Correlations between REE 
and body weight, metabolic body size, and LBM have 
been tested by deriving linear regression values (r) by the 


TABLE 2. Clinical and Nutritional Data 








Cancer Control 
Weight Stable Weight Losing Weight Stable Weight Losing 
Number of patients 56 42 °22 16 
Age (years) 66+ 1.4 65+ 1.7 62 + 3.0 63 + 3.9 
Male/female 40/16 23/19 6/16 8/8 
. Body weight (kg) 64.7 + 1.6¢ 52.6 + 1.9* 65.2 + 3.2t 56.3 + 3.3 
- Lean body mass (kg) 51.2 + 1.59 44.8 + 1.608 48.2 + 2.57 46.7 + 2.28 
% weight loss 3 0.4 18 + 1.0* 1+0.6t 16 + 1.3* 
Weight loss/month (kg) 0.8 + 0.2 2.7 + 0.3* 0.3 + 0.2 2.7 + 0.4* 
Energy intake (kcal/d) 1779 + 79.6 1676 + 133.8 2013 + 171.7 1564 + 286.3 
Protein intake (g/d) 68.8 + 3.3 68.2 + 5.6 76.8 + 6.0t 60.5 + 6.5 
MAMC (% expected) 96.7 + 1.4 86.6 + 1.9* 98.0 + 2.1t 89.14 2.9 
TST (% expected) 102.0 + 6.2] 67.1 + 5.2* 112.7 + 8.4] 74.5 + 7.6 
Serum albumin (g/l) 37.9 + 0.7 33.1 + 0.9* 39.8 + 0.8] 35.7 + 1.3 
Serum transferrin (g/1) 241 £0.1 2.07 +0.1f 2.90 + 0.148] 2.33 + 0.20 
Mean + S.E.M. § p < 0.005 vs. weight stable cancer patients. 


* p <0.0005 vs. weight stable cancer patients and weight stable controls. 
tp < 6.05 vs. weight losing controls. 
p < 0.05 vs. weight stable cancer patients. 


‘| p < 0.005 vs. weight losing controls. 
1 p < 0.05 vs. weight stable cancer patients and weight stable controls. 
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TABLE 3. Resting Energy Expenditure and Respiratory Quotient (RQ) 














Cancer Control 
Weight 
Weight Stable Losing Weight Stable Weight Losing 

kcal /ke/d 22.5 + 0.4 24.4 + 0.4* 20.6 + 0.7 23.5 + 0.8 
keal/kg®/d 636410 65.5 + 1.0 57.8 + Lát 638+ 1.9 
kcal/kg 

LBM/d 29.3 + 0.8 28.9 + 0.6 28.1 +08 28.7 + 0.8 
RQ 0.814 + 0.117 O80 +0117 0.816 +0.17i 0.830 + 0.183 

Mean + S.E.M. 


* p < 0.005 vs. weight stable cancer patients and weight stable controls. 
tp < 0.01 vs. other three groups. 


method of least squares. The slopes of the linear regression 
lines were compared using Student’s t-test. 


Results 


Clinical and nutritional details are shown in Table 2. 
There was no significant difference in mean age between 
the groups. There were more males in the weight stable 
cancer group and more females in the weight stable control 
group. The weight losing cancer patients had a signifi- 
cantly lower weight and LBM than their weight stable 
counterparts. The weight losing controls had a significantly 
lower body weight but no difference in LBM compared 
with the weight stable controls. In both the weight losing 
groups, the mean weight loss was in excess of 15% of pre- 
illness weight. The rate of weight loss in these groups was 
2.7 kg per month. Mean measurements of MAMC and 
TST were significantly lower in both weight losing groups 
when they were compared with their weight stable coun- 
terparts. No significant differences could be detected in 
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Fic. 1. The relationship between resting energy expenditure (REE) and 
body weight. CWL (cancer weight losing): N = 42; r = 0.79; p < 0.001. 
CWS (cancer weight stable): N = 56: r = 0.65; p < 0.001. NCWL (control 
weight losing): N = 16; r = 0.75; p < 0.001. NCWS (control weight 
stable): N = 22; r = 0.77; p < 0.001. The CWL slope is significantly 
different from CWS (p < 0.05) and NCWS (p < 0.05). 
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Fic. 2. The relationship between resting energy expenditure (REE) and 
metabolic body size. CWL (cancer weight losing): N = 42; r = 0.79; p 
< 0.001. CWS (cancer weight stable): N = 56: r = 0.64; p < 0.001, 
NCWL (control weight losing): N = 16: r = 0.75; p < 0.001. NCWS 


(control weight stable): N = 22; r = 0.77; p < 0.001. The CWL slope is 
significantly different from CWS (p < 0.05). 


mean total energy intake between the groups, although 
the weight losing controls had a significantly lower mean 
protein intake compared with the weight stable controls. 
When compared to their weight stable counterparts, both 
the weight losing groups had significantly reduced serum 
albumin and transferrin levels. In addition, weight stable 
cancer patients had lower transferrin levels than weight 
stable controls. 

Measurements of REE are shown in Table 3. REE has 
been expressed in three ways: as kcal/kg body weight/day, 
kcal/kg LBM/day, and kcal/kg”.”*/day. This last term was 
derived by Kleiber,” who felt that the value obtained ap- 
proximated to metabolic body size. When REE is ex- 
pressed in kcal/kg body weight/day, the weight losing 
cancer patients have a significantly increased REE com- 
pared with both the weight stable groups. There is no 
significant difference between the groups when REE is 
expressed in terms of LBM. When the Kleiber formula is 
used, weight stable control patients have a significantly 
reduced REE compared with the other three groups. Sig- 
nificant correlations are shown between REE and body 
weight, the Kleiber formula, and lean body mass (Figs. 
1-3). For reasons of clarity, the scatter of points around 
each line has been omitted. The strongest correlation was 
found between REE and LBM. The gradient of the cancer 
weight losing (CWL) regression line is significantly steeper 
than both the weight stable groups when REE is plotted 
against body weight and lean body mass. When plotted 
against metabolic body size, the CWL regression line dif- 
fers significantly only from the weight stable cancer group 
(CWS). There were no significant differences in RQ be- 
tween the groups (Table 3). No significant differences in 
REE were found when patients with liver metastases were 
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Fic, 3. The relationship between resting energy expenditure (REE) and 
lean body mass. CWL (cancer weight losing): N = 42; r = 0.83; p < 0.001. 
CWS (cancer weight stable): N = 56; r = 0.66; p < 0.001. NCWL (control 
weight losing): N = 16; r = 0.87; p < 0.001. NCWS (control weight 
stable): N = 22; r = 0.90; p < 0.001. The CWL slope is significantly 
different from CWS (p < 0.05) and NCWS (p < 0.02). 


compared to those without, irrespective of weight loss 
(Table 4). There were no significant differences in REE 
when differing tumor types were compared (Table 5). 

_ When REE is related to LBM and all cancer patients 
are compared with all control patients, there is no signif- 
icant difference between either the slope or the position 
of the regression lines (Fig. 4). However, when weight 
losing patients are compared with weight stable patients 
irrespective of the primary diagnosis, the slopes of the 
regression lines are significantly different (Fig. 5). 


Discussion 


There have been many studies of energy. expenditure 
in cancer patients, and most have reported an increase in 
REE associated with the tumor bearing state.™!!-? It has 
been suggested that this increased energy expenditure 
could contribute to the weight loss commonly seen in 
these patients. !4!5-!7182021 Other studies, however, have 
failed to show any alteration in REE when comparing 
cancer patients to controls.” Indeed, Mullen and his col- 
leagues have suggested that some cancer patients may in 


TABLE 4. Resting Energy Expenditure in Patients with 





and without Liver Metastases 
Weight Stable Weight Losing 
No Metastases Metastases No Metastases Metastases 
(N = 45) (N = 11) (N = 34) (N = 8) 
keal/kgLBM/d 29.5 + 1.0 27.7 + 0.8 28.5 + 0.6 28.5 + 1.2 
Mean + S.E.M. 
No significant differences. 
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TABLE 5. Resting Energy Expenditure in Different Tumor Types 


kcal/kg LBM/d 
Colorectal (N = 55) 29.1 + 0.74 
Gastric (N = 24) 27.7 + 0.83 
Bronchial (N = 12) 29.9 + 0.93 
Mean + S.E.M. 
No significant differences. 


fact have a reduced energy expenditure.** However, mea- 
surement of REE must take into account patient size, and 
it is apparent from this present study that an error can be 
made when energy expenditure is expressed solely as kcal/ 
day or in terms of kcal/kg body weight/day. The weight 
losing patients in this study have lost predominantly fat. 
Therefore, the proportion of total body weight that is rep- 
resented by lean body mass increases. Since lean body 
mass contributes more to REE than does fat mass, any 
attempt to predict REE related to body weight will tend 
to underestimate energy expenditure in weight losing pa- 
tients. This source of error has been ignored in earlier 
publications in this field. In this present study, when en- 
ergy expenditure is expressed as kcal/kg body weight/day, 
weight losing cancer patients have a significantly higher 
energy expenditure than weight stable cancer patients or 
controls. When REE is related to lean body mass this 
difference disappears. It follows, in addition, that when 
formulas are used to predict expected energy expenditure 
in patients with altered body composition, they will un- 
derestimate REE if total body weight is part of the formula. 
Such formulas are the Kleiber formula% and the Harris 
Benedict formula,”’ both of which have been used in the 
past to predict expected energy expenditure in weight los- 
ing cancer patients. Since these formulas do not take into 


` account changing body composition, it is not surprising 
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Fic. 4, The relationship between resting energy expenditure (REE) and 


lean body mass for all cancer patients and all controls. Cancer: N = 98; 
r = 0.759; p < 0.001. Control: N = 38; r = 0.876; p < 0.001. 
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Fic. 5. The relationship between resting energy expenditure (REE) and 
lean body mass for all weight stable patients and all weight losing patients. 
Weight stable: N = 78; r = 0.739; p < 0,001. Weight losing: N = 58; r 
= 0.837; p < 0.001. The weight stable slope is significantly different from 
the weight losing slope (p < 0.005). 


that they have erroneously suggested elevated energy ex- 
penditure when weight losing cancer patients are com- 
pared to control groups. 

We have attempted to minimize this error by measuring 
lean body mass using the isotope dilution method. We 
accept that this method will tend to overestimate lean 
body mass. Shizgal*° has pointed out that malnourished 
patients have an expanded extracellular fluid volume, and 
this expansion will result in an error when body com- 
position is derived from isotope dilution measurements. 
Correction of this overestimation would result in a small 
increase in the measured caloric expenditure per kilogram 
of lean body mass, but it is unlikely that such a correction 
would greatly alter the conclusions of the present study. 
It has recently been pointed out that a commonly used 
alternative method of deriving body composition, namely 
total body potassium measurement, may also be subject 
to error. Burkinshaw and Morgan?! have estimated that, 
as a patient loses weight, his intracellular potassium con- 
tent decreases, The use of intracellular potassium to derive 
body cell mass therefore may conceivably underestimate 
the metabolically active body compartments. 

Our conclusion that the weight losing cancer patients 
studied in this paper have no detectable alteration in REE 
when compared to weight stable cancer patients or non- 
cancer bearing controls is similar to that reached by Lind- 
mark and his colleagues, who compared 28 cancer patients 
with 43 noncancer bearing controls.*! These workers 
found that weight losing cancer patients have an increase 
in REE of 148 kcal per day compared to weight losing 
controls. If it is accepted that complete oxidation of | g 
of fat gives 9.1 kcal, | g of carbohydrate gives 4.1 kcal, 
1 g of protein gives 4.1 kcal, and that body tissues contain 
20% protein, Lindmark and his colleagues, using the RQ 
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values obtained from calorimetry, estimated that this in- 
crease in energy expenditure could account for the loss 
of between | and 2 kg of body weight per month.”! Macfie 
and coworkers” found an increase in REE of 289 kcal 
per day when patients with metastatic cancer were com- 
pared to healthy controls. They suggested that this increase 
could account for a weight loss of 1 kg of fat per month. 
In the present study, neither of the weight losing groups 
had any detectable increase in REE when compared to 
their weight stable counterparts. Both groups however had 
a reported weight loss of almost 3 kg per month before 
coming into hospital. We conclude, therefore, that an ele- 
vation in REE seems to contribute little to the weight loss 
seen in these cancer patients. Furthermore, unlike Macfie 
and colleagues,”” we have been unable to find evidence 
that the presence of liver metastases significantly alters 
REE. Previous studies have suggested that advanced dis- 
ease was associated with an increased REE. This obser- 
vation has not been confirmed in the present study. 
When regression lines relating REE to body size are 
drawn for the four groups (Figs. 1-3), the fact that the 
lines seem to converge supports the argument that cancer 
patients can ultimately adapt their energy expenditure to 
the weight losing state.?! The patients with the lowest lean 
body masses appear best able to adapt to the weight losing 
state. However, when all cancer patients are compared to 
all control patients (Fig. 4), there is no significant differ- 
ence in the slope of these lines. The most interesting com- 
parison is seen when weight losing patients are compared 
to weight stable patients, irrespective of the presence of 
tumor (Fig. 5). The fact that the slopes of the regression 
lines are significantly different suggests that the weight 
losing state is more closely associated with metabolic ab- 
normalities in patients than with the presence or absence 
of cancer. It seems to us that some cancer patients and 
some patients who develop nonmalignant illness respond 
to their illness by producing an associated metabolic ab- 
normality that leads to the weight losing state. To claim 
that the presence of a solid tumor will necessarily result 
in elevated energy expenditure is, we believe, an oversim- 
plification. Some cancer patients respond to their illness 
by losing weight, as do some patients who develop a non- 
malignant illness. It is not the primary pathology, but the 
patient’s endogenous responses to it determine whether 
weight loss will result. However, in speaking of cancer as 
a uniform entity, we ourselves are guilty of an oversim- 
plification. It has been suggested that the primary site of 
a tumor may be important in determining the magnitude 
of the REE.”* In the present study, we have measured 
REE in patients with colorectal, gastric, and nonsmall 
cell bronchial carcinomas and found no difference among 
the groups. Bronchial neoplasms, however, did show a 
trend toward a slightly higher energy expenditure. Al- 
though this has not been shown to be statistically signif- 
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icant, it may be that a small subset of bronchial neoplasm 
patients do, in fact, havea higher than anticipated energy 
expenditure. 

A possible explanation for the extent of the observed 
Weight loss in our patients could be anorexia. Standard 
dietary histories have been used to assess energy and pro- 
tein intakes of the patients studied. Both weight losing 
groups had a lower energy. intake than the weighit stable 
groups, but this difference was not statistically significant. 
Protein. intakes were similar between the groups apart 
from the weiglit losing controls, who had a significantly 
decreased intake compared with their weight stable coui- 
terparts. Standard dietary assessinent techniques are in- 
accurate and have wide variability, anda small difference 
in intake riay be obscured. An alternative explanation 


for the Observed weight loss may be that weight losing - 


patients have altered utilization of ingested nutrients. For 
example, the thermogenic response to food may be altered 
in cancér patients, leading to a reduction in the efficiency 
with which ingested substrate is stored. . 

We have found no evidence for the hypothesis that 
. patients who lose Weight, whether they have cancer or 
not, ‘have an incredse in energy expenditure. Nor is there 
any evidence that their weight loss is due to anorexia. The 
present study has shown no evidence that tumot type or 
tumor stage is important in determining REE in cancer 
patients. It is possible that substrate handling in weight 
losing cancer patients may be altered. We believe, how- 
ever; that the evidence points to altered respoise to illness 
as major determinant of increases in REE, rather than 
dny factor associated with the tumor itself. 
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Serious infections following major trauma remain inexplicably 
high. Metabolic and endocrine changes after injury have been 
suggested as being responsible for many of the documented de- 
fects in the polymorphonucleocyte (PMN). The in vitro bacte- 
ricidal activity of normal human PMNs has been examined in 
this laboratory by assaying the activity of the PMN membrane 
bound enzyme NADPH oxidase and hence O7 production of the 
PMN in a metabolic/endocrine milieu designed to simulate 
moderately severe trauma. This was accomplished by incubating 
the PMN with physiological and trauma serum concentrations 
of insulin, glucose, cortisol, epinephrine, and glucagon. The re- 
sults indicate that the O production of the PMN is significantly 
enhanced in this environment. It would appear that exogenous 
glucose alone was responsible for this enhanced O7 production. 


RAUMA IS the uncontrolled epidemic of the decade. 

The documented sepsis rates following major 

trauma far exceed the expected rate of a similar 

group of major postoperative patients on a standard sur- 

gical ward.’ In fact, late deaths following traumatic injury 

are invariably due to uncontrolled sepsis with or without 

multiple organ failure. Interest in this problem had led to 

several recent reports documenting immune defects after 

trauma in the various response mechanisms of the im- 
mune system. 

The polymorphonucleocyte (PMN) plays a central role 
in host defense mechanisms. Abnormal chemotaxis, che- 
mokinesis, phagocytosis, opsonization, and bactericidal 
activity have been documented within the PMN soon after 
trauma. Why this induced immunosuppression occurs has 
not been clearly explained. Metabolic and endocrine re- 
sponses to trauma have been incriminated as the reason 
for some of these PMN abnormalities, 
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After major trauma, a series of well-defined metabolic/ 
endocrine responses occur that profoundly alter carbo- 
hydrate metabolism and induce the catabolic phase of 
critical illness. The primary stress reactions include ele- 
vated blood glucose and insulin levels (carbohydrate me- 
tabolism) and increased levels of cortisol, glucagon, epi- 
nephrine, and growth hormone (endocrine). The major 
stress hormones responsible for the catabolic pattern after 
trauma are believed to be cortisol, glucagon, and epi- 
nephrine.” 

PMN production of toxic oxygen radicals during the 
“respiratory burst of oxidative metabolism” is central to 
the O; dependent, myeloperoxidase independent means 
of PMN bactericidal activity.? NADPH oxidase, a nor- 
mally quiescent membrane bound flavoprotein, is a key 
enzyme of the hexose monophosphate shunt, which is 
activated during this “respiratory burst.” This activation 
is believed to occur as a result of the direct membrane 
perturbing effects of phagocytosis or adherence to non- 
phagocytozable substrates. Exogenous stimuli such as 
phorbol myristate acetate (PMA), activated complement 
fragment 5 (c5a) or formyl-methionyl-leucine-phenylal- 
anine (FMLP) initiate a similar response. Once stimulated, 
this enzyme is responsible for the production of the short- 
lived superoxide anion radicals and subsequent anions.** 
Because of the exposed nature of this enzyme, it is possible 
that circulating serum factors such as exogenous drugs, 
hormones, or other metabolic products could affect the 
PMN’s bactericidal activity. 

In this report, we document the PMN bactericidal 
function of normal human PMNs before and after in- 
cubation in a metabolic/endocrine milieu simulating 
moderately severe human trauma independent of any 
other factors such as drugs and complement activation. 


Vol. 203 « No. 3 


This was accotnplished by assaying the activity of NADPH 

` oxidase and hence the production of superoxide anion 

(Oz) from the stimulated PMN before and: after incuba- 

tion with physiological and trauma concentrations of 

metabolic reagents (insulin and glucose) and endocrine 
~ mediators (cortisol, epinephrine, and glucagon) alone and 

in various combinations. 

Methods 


Cell Preparation 


Ten normal, healthy. human iia on no medi- 
cations and between the ages of 21 and 42 years (5 female, 
5 males) were used as PMN donors. Whole blood was 
collected in heparinized tubes (30-50 ml). After 1. hour 
of sedimentation with 6% dextran solution at 37 C, plasma 
containing PMNs was isolated. This was followed by Fi- 
coll-Hypaque (specific gravity 1 .007) centrifugal sedi- 
mentation at 400 G for 40 minutes. The PMN-red blood 
cell pellet was treated with 1 ml of distilled water for 30 
seconds to lyse the red blood cells. Ten milliliters of min- 
imal essential media (MEM) were added to arrest the lysis. 

- The mixture was further centrifuged for 10 minutes at 
200 G. The supernatant was decantéd; and the remaining 
PMN pellet was resuspended in 10 nil of MEM, vortexed, 
and counted on a hémocytometer. A final concentration 
of 2 X 10° PMNs/810 ul of phosphate buffered saline 
(PBS) was made for each reaction tube. : 


Preparation and Incubation with Hormones 


Each individual drug concentration experiment was 

carried out with two triplets of reaction tubes. All six re- 
action tubes received 2 X 10° PMNs and 100 ul of cyto- 
chrome C (horse heart: 1 mg/ml in PBS). Tube 1 of each 
triplet received 25 pl of superoxide dismutase (SOD: 25 
mg added to 1 ml of a 3.8 molar solution of (NH4),SO,; 
50 ul of this is then added to. 0.96 ul of PBS 1 mg/ml). 
` This tube acted as the blank for spectrophotometric anal- 
ysis. A study drug (30 ul) ata known concentration was 
then added to all tubes of the first triplet. To the second 
triplet, the control, 30 jl of PBS were added in place of 
“the study drug. 
. The following drugs at thé indicated concentrations of 
physiological (PL) and trauma (TL) plasma levels shown 
to experimentally induce a moderate injury response in 
man were incubated at 37 C, pH 7.4, and a total reaction 
time of 20 minutes’: 


Hormone PL TL 
Control 0 0 
Cortisol (ug/ml) 12 40 
Epinephrine (pg/ml) 20 420 
Glucagon (pg/ml) 80 150 
Insulin (ug/ml) 20 38 


Glucose (g/I) 5.5 8.3 
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All drugs were initially studied as single agents and then 
as combined agents with arid without glucose. After a 10- 
minute incubation, 10 pl of cytochalasin B (0.5 mg/ml) 
were added and incubated for 5 more minutes. 


Stimulation of NADPH Oxidase 


` Following cytochalasin B incubation, 25 ul of FMLP 
(0.0001, M) were added to the reaction mixtures and in- 
cubated for 5 minutes. The whole reaction was then ar- 
rested by the addition of 25 ml of SOD to tubes 2 and 3 
of éach triplet. The tubes. were centrifuged at 1000 G for 
5. minutes. The individual supernatant fluid of tubes 2 
and 3 was read on a Beckman spectrophotometer (Beck- 
man Instruments, Inc., Palo Alto, CA) against tube | at 
550 nm. 


Reagents 


All reagents used in the analyses were purchased from 
Sigma Chemicals; U. S.A. Ficoll-Hypaque was manufac- 
turéd by the Flow Laboratories of Canada. Cortisol, epi- 
nephrine, insulin, and glucagon were obtained from stan- 
dard pharmacy stocks. 

Calculations and Statistics 

Enzyme activity was calculatéd from the slopes of the 

SOD-inhibited rise in optical density using an éxtinction 
coefficient of 18.5 X 10°. I/mol cm.‘ Specific activity was 
expressed as nnol O7/min/2 X 10° PMNs. .. 
_ The data were analyzed statistically by first assessing ‘ 
the distributioii of all data by the Wilk-Shapiro test. of 
normality. Multiple group analyses were.done using the 
analysis of variance (ANOVA) and Duncan’s multiple 
groupings.* Two sample comparisons of parametric data 
were compared with a paired t-test, whereas nonpara- 
metric data were compared by a Mann-Whitney test. Sta- 
tistical significance was accepted at p < 0.05. l 


Results 


Thé prodiiction of O7 for the single hormone incuba- 
tions at either the PL or TL concentrations is shown in 
Table 1. The single hormone incubations did not affect 
OF production compared to control (no hormones). The 
addition of glucose alone significantly increased O7 pro- 
duction at both PL and TL. However, the PL and TL 
levels of OF production with glucose were no different 
from one another. 


- . ‘Table 2 records the PMN Oj production for the com- 


bined hormones at the. physiological and trauma levels 
with and without glucose. Once more, the production of 
O7 following the combined hormonal incubations without 
glucose was no different from control. Glucose added to 
the combination of hormones at both PL and TL levels 
significantly Stirnulated Oz production. 
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TABLE 1. PMN Oz Production in Single Hormonal Incubations 





Oz Production* 








PL TL 
Control 28.3 + 10.0 27.2 + 10.2 
Cortisol 28.7 + 11.0 26.3 + 9.5 
Epinephrine 28.9 + HE7 26.6 + 9.0 
Glucagon 28.5 + 11.8 27.2 +89 
Insulin 28.8 + 11.9 28.5 + 11.8 
Glucose 39.6 + 14.4ł 37.1 + 12.4} 





* nmol O;/min/2 x 10° PMN. 
+ Different by Duncan’s groupings of ANOVA. 


Discussion 


Multiple alterations in immunocompetence have been 
reported following major trauma and burns. Invariably, 
each major response compartment of the immune system 
has been influenced by cell-directed or serum-mediated 
factors. 

Mazerago has clearly demonstrated combined cell- and 
serum-associated factors that depress chemotaxis and 
chemokinesis of the PMN.° These studies are in general 
agreement with Meakins and Christou, who also reported 
depression of PMN chemotaxis, which, in addition, cor- 
responded to the severity of the initial trauma.’* In this 
regard, the severity of trauma was also found to correlate 
with decreased absolute T lymphocyte count,’ depressed 
delayed hypersensitivity,!° and reduced lymphocyte re- 
sponsiveness to antigens and mitogens in vitro.'' Other 
noteworthy changes following major trauma have in- 
cluded decreased opsonic activity,!? decreased comple- 
ment levels secondary to increased classical complement 
pathway activation,'> and, finally, depressed bactericidal 
activity of the PMN." It has been suggested that the met- 
abolic/endocrine milieu that occurs after major trauma 
may be responsible for some of these changes.'° 

Our results of PMN NADPH oxidase activity in the 
control setting (no drugs or hormones in stimulated and 
unstimulated conditions) are quite similar to other in- 
vestigators using identical methodology.'> However, in 
vivo studies of human PMN superoxide production in 
seriously ill adults and children have produced varying 
and conflicting results.'*'’ This is possibly due to the dif- 


TABLE 2. PMN O; Production in Combined Hormonal Milieu 
with and without Glucose 





O; Production* 








PL TL Control 
Glucose (—) 26.8 + 9.0 27.4 + 9.3 27.3 + 9.4 
Glucose (+) 35.9 + 11.2} 35.1 + 10.5} 39.6 + 14.4} 





* nmol O;/min/2 x 10° PMN, 
+ Different by paired t-test/Mann-Whitney test; p < 0.05. 
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ferent study populations receiving different drugs and 
therapies and the metabolic/endocrine milieu. In an effort 
to identify the isolated effects of circulating factors having 
a potential influence on the PMN, we elected to examine 
bactericidal activity in normal human PMNs in vitro. 

Employing similar in vivo serum concentrations of the 
various mediators of the metabolic response to injury 
simulating mild-moderate human injury, as single agents 
or in combination, we were able to demonstrate sustained 
PMN superoxide anion production. Since glucose is al- 
most exclusively the fuel source of the PMN during its 
normal phagocytic activity, it is not surprising that sig- 
nificant stimulation of superoxide radicals was observed 
with the addition of glucose.* This suggests that the PMN 
under these isolated conditions maintains its heightened 
oxygen dependent bactericidal function through an in- 
crease in glucose availability and utilization either through 
enhanced membrane transport of glucose or less likely 
through an increase in glycogenolysis. Unfortunately, our 
study did not specifically address this issue, and thus we 
are unable to comment further on this important aspect 
of PMN metabolism. 

Depressed bactericidal function of the PMN has been 
reported previously in burn patients.'* This report differs 
from ours in that the in vivo patient population studied 
was receiving either aspirin, heparin, or other unrecorded 
drugs. The assay used to assess bactericidal function was 
the stimulated reduction of nitroblue tetrazolium (NBT). 
This assay is significantly less specific in estimating PMN 
superoxide production when compared to NADPH oxi- 
dase in that it is dependent on the production of hydrogen 
during the oxidation of glucose 6-phosphate over the entire 
hexose monophosphate shunt. Recently, it has been pro- 
posed that NBT can be reduced by O3 independent pro- 
cesses and thus may be an inaccurate estimate of super- 
oxide anion production.!® 

A potential difficulty exists in the extrapolation of these 
isolated in vitro results to the in vivo setting. Our meth- 
odology examines NADPH oxidase activity in a protein- 
free environment. Two of the hormones studied have 
some protein binding. Cortisol in the PL levels is ap- 
proximately 90% protein bound, whereas in the TL sit- 
uation the exact amount of bound inactive form is not 
known. Insulin remains very loosely albumin bound un- 
der both PL and TL situations. If anything, we have po- 
tentially overestimated the effects of cortisol and insulin 
on the NADPH oxidase activity. 

In summary, based on these in vitro experiments, the 
metabolic/endocrine responses observed in trauma are 
not by themselves or in combination immunosuppressive 
with respect to the PMN. Quite the contrary, immune 
PMN stimulation as a direct result of mild hyperglycemia, 
usually seen in trauma, was observed. We conclude that 
intrinsic human PMN oxygen dependent bactericidal ac- 
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tivity is enhanced in vitro after incubation within a met- 
abolic/hormonal environment simulating moderately se- 
vere human trauma. 
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A monoclonal antibody prepared against estrogen receptor has 
been shown to be highly specific and sensitive for the detection 
and quantification of estrogen receptor in human breast lesions 
using immunohistochemical methods. A semiquantitative rela- 
tionship has been shown between the intensity of staining and 
biochemical receptor analysis. To evaluate the usefulness of this 
technique in fine needle aspiration biopsies, 41 cases of breast 
cancer were studied. Nuclear localization of receptor antibody 
PAP complex was observed. Comparison of the immunocyto- 
chemical analysis of the aspiration cytologic specimens to the 
biochemical analysis of the excised tumor mass revealed a sen- 
sitivity and specificity of 80% and 89%, respectively. There was 
a significant semiquantitative correlation between the methods. 
These results extend the observation that antireceptor mono- 
clonal antibody in immunohistochemical analysis is an effective 
tool in the evaluation of estrogen receptor content in human breast 
lesions and with careful specimen handling and proper controls 
may be extended to the evaluation of fine needle aspiration 
biopsies. 


INE NEEDLE aspiration biopsies have proven to be 
an effective diagnostic procedure in the evaluation 
of human breast lesions.'? The usefulness of fine 

needle aspiration (FNA) would be further extended if es- 
trogen receptor (ER) analyses could be reliably performed 
on specimens obtained using this technique. The small 
quantity of material obtained by FNA, however, has made 
sex steroid receptor analyses of these samples by conven- 
tional biochemical techniques tenuous. 

The availability of monoclonal antibodies of high spec- 
ificity for specific antigenic domains of the human estro- 
gen receptor molecule has allowed the development of 
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immunohistochemical techniques for estrogen receptor 
analyses in human tissues. Good sensitivities and speci- 
ficities for immunohistochemical methods on cryostat 
sections of fresh tissue as compared to the biochemical 
assays have been demonstrated. 

Through immunocytochemistry, a cytologic prepara- 
tion of aspirated cells could be examined for anti-ER an- 
tibody localization, and a semiquantitative evaluation of 
estrogen receptor content could be made. The present 
study was undertaken to determine if such extension of 
immunocytochemical technology to sex steroid analyses 
in aspiration biopsy cytologic preparations was feasible. 


Materials and Methods 


Patient Population 


Tissues were evaluated from 41 patients with carcinoma 
of the breast seen at Duke University Medical Center from 
April 1984 to January 1985. All tissues were submitted 
for pathologic and cytologic examination and analyses of 
steroid receptor content. Thirty-three cases had adequate 
tissue for complete evaluation. 

Of the 41 consecutive cases of breast carcinoma, eight 
cases were excluded from the study for the following rea- 
sons: in seven cases there was inadequate tissue for com- 
plete analysis, and in one case no malignant cells were 
seen in the cytologic preparation. The 33 remaining cases 
comprise a study group of 28 primary breast cancers and 
five cases of metastatic breast cancer to regional lymph 
nodes. 
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Biochemical Estrogen Receptor Analyses 

` Estrogen receptor content of the tissues was analyzed 
using modifications of the methods described by Schrader 
et al. as previously reported.‘ Fresh tissue was quick frozen 
after being washed in buffer (10 mM Tris HCl, 5 mM 
HEPES-HCl, 1.5°mM EDTA, 1.0 mM thioglycerol, 
0.02%, NaN3, pH 7.4) at 4 C and was maintained at —80 
C in airtight liquid nitrogen capsules until] assayed. The 
frozen tissue was pulverized in liquid nitrogen using a 
Spex freezer mill (Spex Industries, Inc., Metuchen, NJ) 
at ¥% power with a stainless steel impeller for 15 seconds 
(five 3-second cycles). The tissue powder was homogenized 
at a sample to buffer volume of 1:4 at 4 C using a Polytron 
(Brinkman Instruments, Westbury, NY) (setting 3) for 60 
seconds (four 15-second cycles with 30-second cooling 
periods). Cytosol was prepared from the homogenate by 
centrifugation at 1000 X g for 10 minutes followed by 
145,000 X g for 1 hour, both at 4 C. Endogenous unbound 
steroid was removed by 0.75% w/v Norit A (Matheson, 
Coleman and Beu Manufacturing Chemists, Norwood, 
OH) i in 0.0025% dextran. The supernatant protein content 
` was analyzed by the method of Bradford* and adjusted 


to 4-6 mg protein/ml. Sucrose density gradient analysis 


_(SDGA) and multiconcentration titration analysis—dex- 
tran-coated charcoal analysis (DCCA)—were performed. 


Gradient Analysis (SDGA) 


Aliquots of 250 ul of cytosol were incubated for 4 hours 
at 4 C with 1.6 pmol ?H-hexalabelled estradiol (New En- 
gland Nuclear, Boston, MA) containing 100-fold excess 
of cold testosterone. Parallel control incubations also 
contained 150-fold excess of cold diethylstilbestrol prein- 
cubated with cytosol for 5 minutes prior to incubation 
with the radioactive hormone. Two hundred microliters 
were layered on 10-28. 5% isokinetic sucrose gradients and 
centrifuged to an w*t of 157,417 in an SW 60 Beckman 
rotor (Beckman Instruments, Inc., Palo Alto, CA) at 4C 
(polyallomer tubes). Gradients were fractionated by up- 
ward displacement: with 75% glycerol into 40 fractions: 
Radioactivity was, determined in an LS-4000 Intertech- 
nique liquid scintillation counter (IN/US, Fairfield, NJ) 
set for tritium using 10 ml Biofluor (New England Nu- 
clear). Counting efficiency was determined by external 
standardjzation used for computer calculations. Sedi- 
mentation coefficients were determined by the use of C14- 
labelled bovine serum albumin (4.6S) or gamma-globulin 
(7S) standards. 


Ditram Coatëd Charcoal Analysis (DCCA) 
The cytosol was diluted tọ 1-2 mg protein/ml, and 200 
ul aliquots were incubated for 16 hours at 4 C in eight 
Kahn tubes containing 1.6-0.125 pmol 3H-estradiol and 
100-fold concentration of cold testosterone. Parallel con- 
trol incubations contained a 250-fold excess of cold di- 
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ethylstilbestrol, added immediately prior to the radioactive 
steroid. Nonprotein-bound free steroid was removed by 
0.75% w/v Norit A (dextran-treated), and bound radio- 
activity (not removed by the charcoal) was determined. 
Calculations of Kd (dissociation constant) and bound re- 
ceptor were made by the methods of Woosley and Mul- 
doon and Scatchard’ by means of an on-line LEM com- 
puter in an LS-4000 Intertechnique liquid scintillation 
counter. 


Immunohistochemical Estrogen Receptor Analysis 


Tumor aspirates were collected by needle aspiration 
with a disposable 20 gauge needle attached to a 20 ml 
syringe, smeared onto poly L-lysine treated slides, dipped 
in 6% polyethylene glycol and stored at —80 C until used. 

Monoclonal antibody H222 Spy, developed against 
MCF-7 human breast cancer estrogen receptors by Dr. 
L. S. Miller of Abbott Laboratories (North Chicago, IL) 
and recently made commercially available for investiga- 
tional use, was selected for this study. This monoclonal 
antibody has shown to be specific for human estrogen 
receptor in breast cancer by several criteria. H222 Spy 
recognizes a stable and well conserved determinant that 
is close to the steroid binding site." The peroxidase an- 
tiperoxidase method of Sternberger? for immunohisto- 
chemical localization was performed as follows: 

Slides were removed from storage at — —80 € and allowed 
to stand for 5 minutes. 


1. The fine needle aspirate preparations were- placed in 
3.7% formaldehyde-PBS for 10 minutes. They were 
then transferred to a PBS bath for 5 minutes. 

2. Slides were placed in cold absolute methanol at —15 
C to —20 C for 4 minutes and then cold acetone at 
—15 C to —20'C for 1 minute. 

3. Slides were washed in PBS twice for 5 minutes each 
at ambient temperature. 

4. Aspirates were treated with 2% normal goat serum 
in PBS for 15 minutes in a humidified chamber to 
reduce the nonspecific binding of bridging antibody 
(see below). : 

5. Aspirates were incubated with primary antibody 
(H222Spy 5 ug/ml; 33 pmol/ml in PBS) for 30 min- 
utes at ambient temperature. Negative control slides 
of fine needle aspirate preparations from each of the 
same tissues were incubated with control antibody 
(normal nonimmunized rat immunoglobulin i in PBS) 
in place of the primary antibody for 30 minutes. 
Control slides of estrogen receptor positive MCF-7 
human breast cancer cells were incubated with pri- 
mary or control antibody. 

6. Slides were washed in PBS twice for 5 minutes each. 

7. Sections were incubated with bridging antibody (gaat 
antirat immunoglobulin in PBS) for 30 minutes. 
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8. Slides were washed in PBS twice for 5 minutes each. 

9. PAP complex (horseradish peroxidase, rat antihorse- 
radish peroxidase in PBS) was applied to the sections 
for 30 minutes. 

10. Slides were washed in PBS twice for 5 minutes each. 

11. Slides were flooded with DAB:H,O, (8 mg diami- 
nobenzidine/16 ml hydrogen peroxide in PBS) for 6 
minutes in the dark. The DAB:H,Q, solution had 
been prepared using minimal light and was used 
within 30 minutes. 

12. Slides were rinsed in gently running tap water for 5 
minutes, dehydrated in serial alcohols to xylene, and 
cover slipped with Permount (Fisher Scientific Co., 
Fair Lawn, NJ) without counterstaining. In the pres- 
ence of hydrogen peroxide, the tissue bound perox- 
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Fic. 2. Semiquantitative relationship between biochemical estrogen re- 
ceptor content and fine needle aspirate HSCORE. (r = 0.74). 
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Fics. 1A and IB. Immunocytochemical localization in fine needle aspirate biopsies of estrogen receptor using monoclonal antibody H222 Spy with 
the peroxidase antiperoxidase technique. 4. Fine needle aspirate demonstrating nuclear localization of estrogen receptor. No specific cytosol staining 
is present. B. Control for A using normal, nonimmunized rat immunog!obulin in place of the monoclonal antireceptor antibody. Minimal background 
staining is observed. No counterstain. 


idase converts the diaminobenzidine chromagen to 
an insoluble, brown reaction product that can be vi- 
sualized with a light microscope. By this procedure, 
the minute quantity of estrogen receptor/monoclonal 
antibody complex is amplified through the use of the 
bridging antibody, PAP complex, and enzyme reac- 
tion products. 


Scoring of Assay 


Biochemical assays were summarized as femtomoles 
of specific estrogen binding per milligram of tissue protein. 

The immunohistochemical localization was scored in 
a semiquantitative fashion incorporating both the inten- 
sity and distribution of specific staining. The evaluations 
were recorded for relative cellularity and the presence or 
absence of benign elements and the percentage of cells in 
each of five intensity categories. The intensity of specific 
staining was characterized as not present (0), above back- 
ground of the control (1+), distinct (2+), intense (3+), 
and very intense (brown-black) (4+). For each aspirate 
preparation, a value was derived consisting of a sum of 
the percentages of positively stained cells multiplied by a 
weighted intensity of staining. HSCORE = =P,i + 1), 
where HSCORE is Histologic Score, P; is the percentage 
of stained cells in each intensity category, and i is the 
intensity fori = 1, 2, 3, 4. A total HSCORE was derived 
as the sum of the component HSCORES weighted by the 
fraction of each component observed in the aspirate prep- 
aration. Biochemical assays were compared to the total 
HSCORE. For interobserver variation, independent re- 
views by KM, GD, and KG were performed. 

In our study, a case was rejected on the basis of hy- 
pocellularity if there were less than five cells on the slide. 
A single cluster was accepted if it was comprised of greater 
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TABLE 1. Categorization of Cases by Quantitative Biochemical 
+ 


Analysis and Immunocyt i 
H SCORE 
Biochemical Analysis <75 275 
210 fmol/mg protein 3 12 
<10 fmol/mg protein 16 2 


* Categorization of cases by quantitative biochemical analysis and 
immunocytochemistry, HSCORE, using threshold values of =10 fmol/ 
Ing protein and =75, respectively. 


than five cells. The criteria for determining the presence 
or absence of benign elements was based on standard cy- 
tologic features including increased nuclear cytoplasmic 
ratio, pleomorphic nuclei, and irregular nucleoli. Cases 
were independently reviewed by a primary and secondary 
observer, KM and KG, respectively, with a tertiary review 
by GD for final consensus. 


Data Management and Analysis 

Sensitivities, specificities, and predictive values were 
determined as described.? Comparison of biochemical and 
HSCORE receptor values were done by correlation anal- 


Results 


Estrogen receptor identified by antireceptor monoclonal 
antibody in immunohistochemical analysis was localized 
in the nuclei of the aspirated tumor cells (Fig. 1). There 
was minimal background or cytoplasmic staining. Figure 
2 shows the comparison of biochemical analysis of biopsy 
tissue to HSCORE of the aspirates. A strong relationship 
between HSCORE and the biochemical ER was observed 
(r = 0.74). Thresholds of greater than or equal to 10 fem- 
tomoles/milligram protein of estrogen receptor by bio- 
chemical analysis and greater than or equal to 75 for 
HSCORE were determined to represent the threshold 
values for categorization in the calculation of sensitivity 
and specificity’ (Table 1). A sensitivity of 80% and spec- 
ificity of 89% were observed (Table 2). 

Interobserver agreement was excellent (Fig. 3, r = 0.83). 
Final value assigned was based on consensus of KM, KG, 
and GD (Fig. 2). , 


Discussion 

Estrogen receptor content as identified by nuclear lo- 
calization of antiestrogen receptor monoclonal antibody 
in fine needle aspirate biopsies of breast lesions compared 
favorably with the estrogen receptor content of these le- 
sions determined by a biochemical radioligand analysis. 
While this immunocytochemical technique does not sup- 
plant standard biochemical ligand assays in general. use, 
it does provide certain advantages when tumor sample is 
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TABLE 2. Sensitivity, Specificity, and Predictive Value Compared 
to Biochemical Estrogen Receptor Assay* 


Immuno- 





cytochemical Predictive Predictive 
Estrogen Receptor Sensitivity Specificity Value+ Value— 
(H SCORE 2 75) 12/15 16/18 12/14 16/19 
(80%) (89%) (86%) (84%) 


* A threshold value of 210 femtomoles for the receptor analysis by 
biochemical methods and 275 for HSCORE was utilized for the estab- 
lishment of the sensitivity, specificity, and the predictive values of a 
positive and negative for the immunocytochemical analyses. 


limiting as is the case in fine needle aspiration biopsy 
material. In such cases, the tumor protein that can be 
extracted is below the working concentration necessary 
for accurate assessment of estrogen binding capacity and 
affinity. In our previous studies, we have-seen a high sen- 
sitivity and specificity (90%) for the immunohistochemical 
analyses as quantitated by HSCORE in frozen sections 
compared to the biochemical methods of biopsies of neo- 
plastic breast tissue.*!! The results of the present study 
indicate that immunohistochemical techniques can be 
applied to fine needle aspirate biopsies, although many 
caveats in preparation and staining apply. Misinterpre- 
tation may result because of poor preservation or staining 
of cells, cellular dessication, or failure to aspirate malig- 
nant cells. Unacceptable cellularity can result from at- 
tempting to aspirate a poor needle localization in small 
tumors or may occur with larger tumors of a scirrhous 


` pattern with dense fibrous stroma, which often yield few 


cells on aspiration.'? Inflammatory reactions may also 
cause difficulties in staining interpretation. Often mac-- 
rophages and other inflammatory cells may stain with 
diaminobenzidine, although the identification of these 
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elements is readily accomplished on histologic and cy- 
tologic grounds by experienced observers. The require- 
ment that the preparations be reviewed and evaluated by 
experienced observers makes the final cost of this assay 
not less than the labor intensive biochemical radioligand 
assays, but the ability to accurately assess the small fine 
needle aspiration acquired specimens is a unique advan- 
tage. In our practice, the immunocytochemicai assay has 
also proven useful for categorization of a given sample 
when the biochemical assay is quantitatively borderline 
(e.g., >3.0 < 10 fmole/mg protein). Thus the two assays 
are complementary in specific clinical situations with the 
added confidence that immunocytochemical confirmation 
of quantitative biochemical data provides. !! 

Another problem arises from the heterogeneity of breast 
tumors. Earlier studies demonstrated that cells from dif- 
ferent areas of tumor may show different characteris- 
tics.*!}!3 An aspirate from a negative or low estrogen re- 
ceptor area may be sampled, even though the tumor con- 
tains other areas of high estrogen receptor content. An 
advantage of the fine needle aspiration biopsy technique 
is that this method allows the sampling of several areas 
of the same tumor and permits either the integration of 
these samples or their retention as separate entities. The 
relative contribution of such information relating heter- 
ogeneity to the determination of treatment response po- 
tential or prognosis is the subject of an ongoing prospective 
analysis. 

Immunocytochemistry using a monoclonal antibody 
against estrogen receptor (H222 Spy) was applied to iden- 
tify estrogen receptor in fine needle aspiration biopsies of 
primary breast cancers and lymph node metastasis. With 
certain methodological constraints, this technique shows 
promise in the analyses of estrogen receptor in tumor tis- 
sues acquired by fine needle aspiration biopsy. 
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DEPARTMENT OF SURGERY 
UNIVERSITY OF MINNESOTA 


Trauma and Critical Care Surgery is the topic of 
the 50th Anniversary Surgery Course to be 
presented by the Department of Surgery of the 
University of Minnesota Medical School, June 
18-21, 1986 in Minneapolis. 


FACULTY 


Guest speakers will include Doctors Robert J. 
Baker, Arthur E. Baue, Charles R. Baxter, C. 
James Carrico, P. William Curreri, Louis R. M. Del 
Guercio, E. Patchen Dellinger, Robert H. Demling, 
James H. Duke, Robert J. Freeark, Robert R. 
Kirby, Frank R. Lewis, Charles E. Lucas, Kenneth 
Mattox, Jerome H. Modell, Basil A. Pruitt, Jr., 
Martin C. Robson, John F. Shea, G. Tom Shires, 
Donald D. Trunkey, Alexander J. Walt, and 
Robert F. Wilson. 


Host faculty will include the teaching staff of the 
University of Minnesota Medical School. 


COURSE FEATURES 


Didactic lectures, moderated panel discussions, 
audience participation panels, films, abstract 
booklet, printed proceedings, displays, continen- 
tal breakfasts, lunches, refreshment breaks, re- 
ception, and one dinner. A spouse program and 
optional evening social events are also offered. 


COURSE FEES 


Regular fee: $400 
Physicians in residency training programs: $200 


DIRECT INQUIRIES TO: 


Trauma and Critical Care Surgery 
Continuing Medical Education 
University of Minnesota 
Box 202, 420 Delaware Street S.E. 
Minneapolis, MN 55455 
Telephone: (612) 373-8012 


“Equal Educational Opportunity” 











The best is not always good enough. 
The first choice, a patient's own tissue, 
cannot always be used for surgical 
reconstructions. When this happens the Soft Tissue Patch 
becomes the natural choice. 

Since its introduction three years ago, the Soft Tissue 
Patch has performed exceptionally well in over 10,000 
clinical cases. These have included a very wide variety of 
applications. They range from the repair of inguinal 
and incisional hernias to massive abdominal wall defects, 
and from the repair of large chest wall defects to delicate 
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vaginal prolapse reconstructions. 
The excellent performance of 

the Soft Tissue Patch is due to its 
* soft, conformable nature 

+ high, balanced strength 

* resistance to the spread of infection 

+ biocompatibility 

+ lower incidence of visceral adhesions 
GORE-TEX Soft Tissue Patch, the natural choice. 
For more information, return the coupon or call 


800-638-4804. 


GORETEX 
Soft Tissue Patch 
Sa the surgical p 


[a Please send further information on the GORE-TEX Soft Tissue Patch 
| O Please arrange for a free clinical sample. 
O Please have your sales representative call for an appointment. 
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Hospital Affiliation 
W.L. Gore & Associates, Inc. 


P.O. Box 1220, Route 213 North 


GORE-TEX® is a registered trademark of Elkton, MD 21921 
W. L. Gore & Associates, Inc 
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CREATIVE TECHNOLOGIES 
WORLDWIDE 


Stop pain with 





colifidel ice. 


NUBAIN® gives you pain-stopping power 
comparable to morphine/meperidine 
with fewer adverse side effects: 





m fast action 

m long-lasting pain relief 

m documented ‘ceiling” on 
respiratory depression 

m hemodynamic stability 

m non-constipating 

m lower incidence of nausea, vomiting, 
and other common side effects 


m low abuse potential—non-scheduled 


Now available in 20 mg/ml ampul, vial, 
and syringe. Also available in 10 mg/ml 
ampul and vial. 


For further information conceming contraindications, 
side effects, and precautions, please see following page. 


NUBAN is available exclusively from Du Pont. 
© 1985, Du Pont Pharmaceuticals, Inc. 
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Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to severe pain. NUBAIN can also be 
used for preoperative analgesia, as a supplement to surgical anesthesia, 
and for obstetrical analgesia during labor. 


COMTRAINDICATIONS NUBAIN should not be administered to patients who 
are hypersensitive to it 


WARNINGS Drug Dependence NUBAIN has been shown to have a low 
abuse potential which is approximate to that of pentazocine. When com- 
pared with drugs which are not mixed agonist-antagonists. it has been 
reported that nalbuphine's potential for abuse would be less than that of 
codeine and propoxyphene. Psychological and physical dependence and 
tolerance may follow the abuse or misuse of nalbuphine, Therefore, caution 
should be observed in prescribing it for emotionally unstable patients, or 
for individuals with a history of narcotic abuse. Such patients should be 
closely supervised when long-term therapy is contemplated. Care should 
be taken to avoid increases in dosage or frequency of administration which 
in susceptible individuals might result in physical dependence. Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 
symptoms of narcotic withdrawal, i.e., abdominal cramps, nausea and 
vomiting, rhinorrhea, jacrimation, restlessness, anxiety, elevated temper- 
ature and piloerection. Use in Ambulatory Patients NUBAIN may impair 
the mental or physical abilities required for the performance of potentially 
dangerous tasks such as driving a car or operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who 
should be warned to avoid such hazards. Use in Emergency Procedures 
Maintain patient under observation until recovered from NUBAIN effects 
that would affect driving or other potentially dangerous tasks. Use in 
Children Clinical experience to support administration to patients under 
18 years is not available at present. Use in Pregnancy (other than labor) 
Safe use of NUBAIN in pregnancy has not been established. Although 
animal reproductive studies have not reveated teratogenic or embryotoxic 
effects, nalbuphine should onty be administered to pregnant women when, 
in the judgement of the physician, the potential benefits outweigh the 
possible hazards. Use During Labor and Delivery NUBAIN can produce 
respiratory depression in the neonate. It should be used with caution in 
women delivering premature intants. Head Injury and Increased Intra- 
cranial Pressure The possible respiratory depressant effects and the 
potential of potent analgesics to elevate cerebrospinal fluid pressure (re- 
sulting from vasodilation following CO» retention) may be markedly exag- 
gerated in the presence of head injury, intracranial lesions or a pre-existing 
increase in intracranial pressure. Furthermore, potent anaigesics can pro- 
duce effects which may obscure the clinical course of patients with head 
injuries. Therefore, NUBAIN should be used in these circumstances only 
when essential, and then should be administered with extreme caution. 
Interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity, there is evidence that in 
nondependent patients it will not antagonize a narcotic analgesic admin- 
istered just before, concurrently, or just after an injection of NUBAIN, 
Therefore, patients receiving a narcotic analgesic, general anesthetics, 
phenothiazines, or other tranquilizers, sedatives, Mpasi, or other CNS 
depressants (including alcohol) concomitantly with NUBAIN may exhibit an 
additive effect. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced. 


PRECAUTIONS Impaired Respiration At the usual aduit dose of 10 mg/70 
kg. NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine. However, in contrast to mor- 
phine, respiratory depression is not appreciably increased with higher 
doses of NUBAIN. Respiratory depression induced by NUBAIN can be re- 
versed by NARCAN” (naloxone hydrochloride) when indicated. NUBAIN 
should be administered with caution at low doses to patients with impaired 
respiration (e.g., from other medication, uremia, bronchial asthma, severe 
infection, cyanosis or respiratory obstructions). Impaired Renal or Hepatic 
Function Because NUBAIN is metabolized in the liver and excreted by the 
kidneys, patients with renal or liver dysfunction may overreact to customary 
doses. Therefore, in these individuals, NUBAIN should be used with caution 
and administered in reduced amounts. Myocardial Infarction As with all 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting. Biliary Tract Surgery 
As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm of the sphincter of Oddi. 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation 381 (36%). Less frequent reactions are: 
sweaty/clammy 99 (9%), nausea/vomiting 68 (6%), dizziness/vertigo 58 
(5%), dry mouth 44 (4%), and headache 27 (3%). Other adverse reactions 
which may occur (reported incidence of 1% or less) are: CNS Effects 
Nervousness, depression, restlessness, crying, euphoria, floating, hostility, 
unusual dreams, confusion, faintness, hallucinations, dysphoria, feeling 
of heaviness, numbness, tingling, unreality. The incidence of psychotomi- 
metic effects, such as unreality, depersonalization, delusions, dysphoria 
and hallucinations has been shown to be less than that which occurs with 
pentazocine. Cardiovascular Hypertension, hypotension, bradycardia, 
tachycardia. Gastrointestinal Cramps, dyspepsia, bitter taste. Respiration 
Depression, dyspnea, asthma. Dermatological itching. burning, urticaria. 
Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing 
and warmth, Patients Dependent on Narcotics Patients who have been 
taking narcotics chronically may experience withdrawal symptoms upon 
the administration of NUBAIN. if unduly troublesome, narcotic withdrawal 
symptoms can be controlled by the slow intravenous administration of 
small increments of morphine, until relief occurs. If the previous analgesic 
was morphine, meperidine, codeine, or other narcotic with similar duration 
of activity, one-fourth of the anticipated dose of NUBAIN can be adminis- 
tered initially and the patient observed for signs of withdrawal, i.e., abdom- 
inal cramps, nausea and vomiting, lacrimation, rhinorrhea, anxiety, 
restlessness, elevation of temperature or piloerection. if untoward symp- 
toms do not occur, progressively larger doses may be tried at appropriate 
intervals until the desired level of analgesia is obtained with NUBAIN. 
Management of Overdosage The immediate intravenous administration 
of NARCAN? (naloxone hydrochloride) is a specific antidote. Oxygen, intra- 
venous fluids, vasopressors and other supportive measures should be used 
as indicated. The administration of single doses of 72 mg of NUBAIN 
subcutaneously to eight normal subjects has been reported to have resulted 
primarily in symptoms of sleepiness and mild dysphoria. 

NARCAN is a registered US. trademark of Du Pont Pharmaceuticals, Ine. 
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Du Pont Pharmaceuticals, Inc. 

Subsidiary of E.l. du Pont de Nemours & Co. (inc.) 
P.O. Box 363. Manati, Puerto Rico 00701 
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Giant Gastric Ulcers 
A Review of 49 Cases 





THOMAS P. BARRAGRY, M.D. 


Traditional therapy for giant gastric ulcers (63 cm) has been 
gastric resection because of a presumed high risk of hemorrhage 
and. recurrence. To determine the validity of this approach and 
decide whether the need for resection has been altered‘ by the 
introduction of H2-blockers, the records of 10, 054 gastroduo- 
denal endoscopies performed between 1971 and 1984 were. re- 
viewed. Forty-nine patients with giant gastric ulcers were Iden- 
tified. Five patients had. malignant ulcers. Ten patients underwent 
gastric resection as initial therapy. Thirty-four patients were 
initially treated ‘without surgery and were divided into Group I 
(no H2-blockers; 9 patients) and Group Il (H2-blockers; 25 pa- 
tients), Medical therapy was successful in three of nine patients 
(152) in Gro I and In 79 af 25 padent: (80%) in Groun T 
Of 11 patients who failed medical therapy (7 intractability, 3 
recurrence, and 1 fatal hemorrhage), 10 underwent subsequent 
gastric resection. Of the 20 patients treated surgically (10 initial 
and 10 medical failures), ‘none were readmitted for recurrent 
ulcer disease. These data suggest that medical therapy of benign 
giant gastric ulcers is often effective and not associated with an 
excessive incidence of complications, as believed. ‘Successful 
healing of these ulcers is greatly enhanced when H2-blockers 
are employed. Thus, the presence of an uncomplicated. benign 
ee ee a een eee 
section. 


IANT GASTRIC ULCERS (GGU) are gastric ulcers 
with maximum: dimensions exceeding 3 cm. 
Classically, therapy for GGU has consisted of 

early surgical resection.'? This approach has been based 
on an anticipated, though unsubstantiated, high incidence 
of complications (hemorrhage, perforation, and intracta- 
bility) without surgery, a likelihood that ulcers will recur 
after they have héaled, and the frequent - occurrence of 
carcinoma (10-30%) in GGU.?* The purposes of this 
study were to compare the relative merits of surgical and 
médical therapy of GGU and to determine whether the 
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advent of modern medical therapies (H-2 blockers) has 
decreased the complication rates in GGU patients treated 


conservatively. 


Materials and Methods 


A retrospective review of 10,054 gastroduodenal en- 
doscopies performed at the Minneapolis Veterans Ad- 
ministration Hospital between 1971 to 1984 revealed 49 


_ patients with GGU. Patients were excluded if more than 


three gastric ulcers were present or if prepyloric, pyloric 
channel, or concomitant bulbar ulcers were present. The 
mean age of patients with GGU was 61 years, and all were 
male but one. Five patients (10%) had malignant GGU. 
Presenting symptoms: included ulcer pain in 30 patients 
(61%), hemorrhage in nine (18%), anemia in six (12%), 
and gastric outlet obstruction in four (8%). The majority 
(64%) of GGUs were located on the lesser curve, while 


` 36% were on the greater curve. Acid secretory studies were 


performed in nine patients. Basal free acid ranged from 
0.1 to 10 mEg/h (mean: 1.5 mEq/h). Maximal acid output 
after histamine stimulation ranged from 4 to 34 mEq/h 
(mean: 15.3 mEq/h). 

Those patients receiving primary medical therapy were 
divided into two subgroups: Group I (N = 9), who were 
treated with antacids alone, and Group II (N = 25), who 
were treated with antacids and H2-blockers. There was 
no significant difference i in age, presenting symptoms, as- 
sociated illness, or ulcer size between Group I and Group 
II patients, nor between ‘those receiving initial surgical 
versus medical management. Statistical analys was per- 
formed using Fisher’s exact test.° 
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TABLE |. Surgical Therapy of GGU 





Failed Medical Therapy 








Initial 
Surgical Group Group 
Therapy I H Totals 
Indications for 
surgery 
Hemorrhage 2 0 i i 
Obstruction l 0 0 0 
Size alone 7 0 0 0 
Recurrence 0 l I 2 
Intractability 0 5 3 8 
Totals 10 6 5 HI 
Procedure performed 
Gastrectomy alone 5 1 3 4 
Gastrectomy and 
vagotomy 5 5 l 6 





Results 
Surgical Therapy 


Table | describes indications and surgical therapies for 
all patients who were operated on for GGU. Ten patients 
underwent initial surgical therapy. The decision for op- 
eration as the initial choice of therapy was made in seven 
of 10 patients based simply on large size of the ulcer (i.e., 
prophylaxis against potential complications). Eleven pa- 
tients failed medical therapy. One of the 11 patients died 
while being treated medically, and 10 patients later un- 
derwent surgical resection. Eight of the 11 patients had 
demonstrated failure of the original ulcer to heal, and two 
had recurrence after initial healing of their GGU. 

Of the 19 patients surviving gastrectomy, complications 
were present in 25% and included one patient each with 
postoperative cardiac arrest, nonfatal myocardial infarc- 
tion, Clostridium difficile colitis, necrotizing fasciitis, and 
wound seroma. No surgical patient required readmission 


TABLE 2. Results of Medical Therapy of GGU (34 Patients) 








Group Group 
I H Totals 

Number of benign giant 

gastric ulcers 9 25 34 
Number of benign GGUs 

that healed at any time 4 22 26 
Number of benign GGUs 

that healed at 6 weeks 3 18 21 
Number of benign GGUs 

that recurred after 

initial healing I 2 3 


Number of patients with 
successful medical 
therapy 3 20 23 

Number of patients who 
failed medical therapy 

Mortality 


On 
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for treatment of ulcer recurrence or complications of gas- 
tric resection. The single surgical death occurred in a pa- 
tient operated on for medical failure who developed a 
leaking anastomosis after 75% gastric resection. There was 
no statistically significant difference in complications be- 
tween the group undergoing initial surgical therapy and 
the group undergoing surgery as a result of medical failure. 


Medical Therapy 


Results of the 34 patients treated medically are given 
in Table 2. Four of nine patients in Group I demonstrated 
healing of their GGU (confirmed at endoscopy), while the 
other five failed medical management and required even- 
tual surgical resection. One of the four patients successfully 
treated developed a recurrent ulcer necessitating surgical 
intervention. Thus, only three of nine (33%) Group I pa- 
tients had successful medical therapy of their GGU, with 
67% eventually requiring surgery. 

Twenty-two of the 25 patients in Group II (antacids 
and cimetidine) healed their GGU, as proven by endos- 
copy. Two of the 22, however, developed recurrence of 
ulcers and underwent subsequent operations. The re- 
maining three patients who failed initial medical therapy 
also underwent operation for a total of five of 25 patients 
eventually requiring surgical intervention. Twenty of 25 
patients in Group II (80%) had successful medical therapy 
of their GGU. The majority of benign GGU healed within 
6 weeks (see Table 2). Significantly more ulcers healed in 
Group II than in Group I (p = 0.04). A total of 5 more 
GGU (Groups I and II) healed during the entire follow- 
up period. Of the 26 ulcers that healed, there were three 
recurrences. 

Table 3 lists the clinical data of patients who failed 
medical therapy. While there was no mortality in Group 
I, there was one Group II death, which occurred in an 
84-year-old patient, who, while being treated for a 4 x 3 
cm lesser curve ulcer, underwent operative fixation of an 
intertrochanteric fracture. The patient sustained fatal he- 
matemesis 2 weeks after operation. 

Long-term follow-up of the three medical successes in 
Group I revealed that two patients were taking no med- 
ications and had no ulcer symptoms at 5 and 6 years. The 
third patient was mildly symptomatic on antacid therapy 
at 9.5 years. Of the 20 patients treated successfully with 
antacids and cimetidine in Group II, one was lost to fol- 
low-up. Seven of the remaining 19 patients were asymp- 
tomatic and on no antiulcer medications at 8 months to 
4 years follow-up. Eight of the 19 patients reported oc- 
casional antacid use at 8 months to 8 years follow-up 
(mean: 18 months). Only four patients were under therapy 
for active ulcer disease at the time of follow-up, two with 
antacids alone (15 and 24 months) and two with H2- 
blockers alone (15 months and 6 years). 
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Patient Presentation 
GROUP I 
l Pain 
2 Pain 
3 Hemorrhage 
4 Pain 
5 Pain 
6 Pain 
Group II 
7 Pain 
8 Weight loss 
9 Pain 
10 Pain’ 
11 Hemorrhage 
* Antacids. 


50 


65 


84 


63 
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TABLE 3. Details of Medical Failures 


Size on 
Endoscopy 


3.5 cm 


34cm 


45cm ' 


3 X 4cm 


3—4 cm. 


7X 5cm 


Initial Medica] Results of Medical J 
Therapy Therapy ` Therapyt 
Frequent AAs* Incompletely healed after V&A, BI 
3 months 
Frequent AAs Increased size after 6 V&A, BI 
weeks ; \ i 
Frequent AAs No healing after 6 weeks V&A, BI 
Frequent AAs Recurred 3% years after Subtotal gastrectomy 
initial ulcer healing 
Frequent AAs Increased ulcer size after 50% gastrectomy, V, 
6 weeks and BI 
Frequent AAs Incompletely healed after V&A, BI 
6 months i 
Cimetidine and AAs Healed after 8 months Subtotal gastrectomy, 
Recurred 2 years later BI 
and failed additional 2 ‘ 
years therapy 
Cimetidine and AAs . Healed after 2 months 60% gastrectomy, BI 
Giant gastric ulcer 
recurred after 7 
months of prn 
antacids 
Cimetidine and AAs Therapy stopped after 1 None 
month, exsanguinating 
hematemesis 3 weeks, 
later ' 
Cimetidine and AAs Incompletely healed after V&A, BII 
9 months ` 
Cimetidine and AAs Re-bled after 1 week 60% gastrectomy, BI 
medical therapy i 
Died ‘post-op 


+ V&A = vagotomy and anivéctony: BI = Billroth I; .V = vagotomy; 


Correlation of Endoscopic Findings with Operative and 


Pathologic Findings 


Twelve patients whọ were treated surgically had en- 
= doscopy within 10 days of operation. Table 4 compares 





BO = Billroth H. 


ulcer size at endoscopy with that found on pathologic 
examination of the resected stomach. There was good 
correlation in size (within 2 cm) in eight of 12 patients. 
A decrease in ulcer size from the time of endoscopy to 
surgery in two patents may | have been fates to intensive 


TABLE 4. Correlation Between Endoscopic and Pathological Measurement of Giant Gastric Ulcer Size 


Size of Ulcer 


Patient 


Reported at Endoscopy 


7X5cm 

4 cm 
4 X 3cm 
3—4 cm 
4X2cm 
. 6cm 
4-5 cm 

4cm 
6-8 cm 


TODOWO A W N 


— 


_ 
Nn 


* Antacids, 


3.5 X 3 cm 
6 X 3cm 


7cm 


Size of Ulcer 
Reported by Interval Between Endoscopiç Therapy 
Pathologist and Pte Examinations During Interval 
6cm 7 days Cimetidine and AAs* 
5X4X2cm 7 days AAS 
4 XxX 3cm 9 days . Cimetidine and AAs 
. 3cm 4 days Cimetidine and AAs 
4 X 1.3 cm 9 days AAs 
4cm 1 day Cimetidine and AAs 
2.5 cm - 6 days AAS ‘ 
2cm 2 days AAs 
3 cm 8 days Cimetidine and AAs 
1 x 0.5 cm 0 days None 
23 X 15% Lom 0 days None 
3X2cm ; 
10 cm 0 days None 
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TABLE 5, Details of Patients with Ulcers >5 cm in Diameter 











Patient Age Size Biopsy Therapy* Outcome 
I 62 10 X 20cm Benign V&A, BI Alive and well 2 years post-op 
64 10cm Malignant Exploratory laparotomy, Died 9 weeks post-op 
unresectable pancreatic carcinoma 
3 58 6x 10cm Malignant Subtotal gastrectomy, BH Died 6 weeks post-op 
4 64 6-8 cm Benign 50% gastrectomy Alive and well 2 years post-op 
5 63 5x7cm Benign 75% gastrectomy, BH Died 2 weeks post-op, anastomic dehiscence 
6 $7 7 cm Benign 70% gastrectomy, BI Alive and well 4 years post-op 
7 62 6 cm Benign AAs and cimetidine Healed at 6 weeks endoscopy, asymptomatic 
l year F/U 
8 81 5-6 cm Malignant 80% gastrectomy, BIT Died 6 weeks post-op 
9 58 5-6 cm Benign AAs and cimetidine Healed at 6 weeks endoscopy, occasional 
indigestion at 8 months follow-up 
10 61 5 X 4cm Benign V&A, BH Alive and well 3 years post-op 





* V&A = vagotomy and antrectomy; BI = Billroth I; BII = Billroth H; AAs = antacids. 


medical therapy instituted in the intervening time period 
in one patient (8 days interval), while the second was due 
to overestimation of size at endoscopy (0 days interval). 
A single large ulcer described on endoscopy in one patient 
proved to be two separate ulcers on pathologic exami- 
nation. Only one patient proved to have an ulcer much 
larger than incorrectly measured at endoscopy (0 days 
interval). 


Results in Patients with GGU >5 cm (see Table 5) 


Three of 10 patients with GGU >5 cm had malignant 
ulcers. Only two patients with benign GGU >5 cm had 
a trial of medical therapy and completely healed their 
ulcers. The remaining five patients with benign GGU >5 
cm underwent operations based on large size alone (i.e., 
prophylaxis against potential complications) without a 
preceding trial of medical therapy. 


Discussion 


Giant gastric ulcers have been considered to have a 
high incidence of intractability, hemorrhage, and recur- 
rence. However, our review fails to document a higher 
rate of complications. The combination of cimetidine and 
antacids healed a larger proportion of GGUs than did 
antacids alone. Gastric resection was found to be an ef- 
fective form of surgical therapy for these ulcers. Ulcers 
larger than 5 cm were more likely to be malignant; how- 
ever, some of the benign ulcers larger than 5 cm did heal 
medically. 

Seventy-two per cent of ulcers in this series treated with 
both cimetidine and antacids were healed by 6 weeks. 
This compares favorably to results of Englert et al.° where 
60% of gastric ulcers with mean size of 1.2 cm healed by 
6 weeks when treated with both antacids and cimetidine. 
Thus, no predilection for intractability was observed in 
this series of giant gastric ulcers. 


Of a total of 26 patients in both groups who healed 
their giant gastric ulcers, only three (12%) recurred with 
mean follow-up of 20 months. Thus, despite small num- 
bers, this study does not show a predisposition for med- 
ically treated giant gastric ulcers to have a high incidence 
of recurrence. 

Excessive risk of hemorrhage in medically treated pa- 
tients was not observed. Of the 11 medical failures, only 
one patient required surgery because of hemorrhage that 
was non-life-threatening. All other medical failures un- 
dergoing surgery did so because of failure to heal or per- 
sistence of pain after at least 3 months of medical therapy. 

Two previous studies have suggested enhanced healing 
of gastric ulcers in patients treated with both cimetidine 
and antacids compared with antacids alone, as was found 
in the present study. Loludice et al.’ prospectively ran- 
domized 70 patients with drug-induced gastric ulcers to 
receive cimetidine and antacids or antacids alone. Healing 
at 6 weeks was 66% in those treated with both cimetidine 
and antacids compared with only 25% treated with antac- 
ids alone. Utilizing a design similar to the present study, 
Haddad et al.® retrospectively compared 55 patients 
treated with antacids alone before cimetidine was available 
with 45 patients treated with both cimetidine and antacids. 
Ulcer healing within 4 to 12 weeks was significantly better 
(91% vs. 73%) in the group treated with both cimetidine 
and antacids. 

Ten patients in this series had gastric ulcers greater than 
5 cm. Five of these patients were brought to surgery im- 
mediately without a trial of medical therapy because such 
a trial was considered to be too hazardous in view of their 
enormous size. While three of these ulcers greater than 5 
cm were malignant, two that were treated medically did 
heal. Although recommendations for treatment are dif- 
ficult with small patient numbers, it would appear that if 
malignancy could be ruled out in ulcers larger than 5 cm, 
a trial of medical therapy does not pose undue risk for 
the patient and deserves serious consideration. 
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The reported incidence of malignaney i in giant gastric 
ulcers varies widely. Earlier authors suggested that 80% 
of ulcers measuring more than 3.7 cm are malignant? or 
that all greater than 3 cm are malignant. The 10% inci- 
dence of malignaricy in this seriés more closely agrees 
with studies reporting an incidence of 6-30% 1249-15 


Conclusion 

Medical therdpy of GGU compares favorably with sur- 
gical therapy. H2-blockers and antacids healed: 80% of 
GGU compared to only 33%. when only antacids were 
used. This study was unable to substantiate the commotily 
held belief that giant gastric ulcers have a greater inciderice 
of intractability, hemorrhage, and recurrence than the 
common (smaller) gastric ulcer. Therefore, an attempt at 
healing an uncomplicated’ GGU with antacids and H2- 
blocker miay safely precede surgical therapy. Also, the 
mere existence of an uncomplicated giant gastric ulcer 
should not be an indication for gastrectomy. 
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Postoperative flexible choledochoscopy was carried out in 103 
patients with residual biliary calculi. Forty-one patients had re- 
sidual stones in the common duct, and 63 patients had residual 
stones in the intrahepatic ducts with or without stones in the 
common duct. The majority of the intrahepatic stones were pri- 
mary stones. Postoperative choledochoscopy was very effective 
in removing residual common duct stones (95% removed, no 
morbidity). For intrahepatic stones, removal was more difficult 
and was associated with a higher morbidity (11.2%). Stone ex- 
traction through the stenotic intrahepatic ducts was made pos- 
sible by the balloon dilatation of the ducts. Repeated endoscopic 
access to the biliary system was made easier by the construction 
of a hepatico-cutaneous-jejunostomy, which also provides a route 
to the biliary tree for future stone removal if stone reformation 
occurs. Complimented by these procedures, postoperative cho- 
ledochoscopy was successful in removing the residual intrahepatic 
stones in 82.3% of the patients. At a median follow-up of 17 
months, the majority of the patients who had all the stones re- 
moved as well as those who had stones left behind were symp- 
tom free. 


is complex and at times unsatisfactory. Surgery 

carries an operative mortality of 4 to 10%!? with 
a high incidence of recurrent symptoms of cholangitis 
necessitating a reoperation.’ One of the causes of recurrent 
cholangitis is residual stones, a high incidence of which 
has been reported.** In the operative treatment of intra- 
hepatic stones, it is often very difficult to completely re- 
move all the stones except in patients in whom hepatic 
resection can be performed; and this can only be done in 
patients with stones localized to a segment or lobe of the 
liver.’ Reoperation for the removal of residual stones is 
associated with a higher mortality.> Nonoperative ap- 
proaches such as irrigation with solvents® and extraction 
with a steerable catheter’ have been tried. A flexible cho- 
ledochoscope was first used by Nakamura to remove re- 
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sidual stones.’ This is followed by reports on the use of 
the choledochofiberscope to remove residual intrahepatic 
stones. '°-!? In each report, there appeared to be a number 
of patients whose stones could not be completely removed. 
We present here the results and observations in 103 pa- 
tients with residual biliary calculi who underwent post- 
operative choledochoscopy, 62 of whom had residual in- 
trahepatic stones. Special emphasis is placed on the out- 
come of patients with stones left behind and how some 
of the difficulties, for example, biliary strictures, were re- 
solved. 


Material and Method 


Between June 1982 and March 1985, postoperative 
flexible choledochoscopy was performed in 103 patients 
with residual bile duct calculi at the Department of Sur- 
gery, University of Hong Kong at the Queen Mary Hos- 
pital. This included 71 patients from our Department as 
well as 32 patients referred from other hospitals. There 
were 46 males and 57 females. The age ranged from 13 
to 84 years old, with a mean of 58 years. All patients have 
undergone exploration of the common duct. In addition, 
15 patients had sphincteroplasties, seven patients had 
choledocho- or hepaticojejunostomies, six patients had 
hepatico-cutaneous-jejunostomies (see below), six patients 
had left segmental liver resections, and one patient had a 
Whipple’s operation. Thirty-seven patients were operated 
on as emergencies, and 66 patients underwent elective 
operations. Forty-one patients had residual stones in the 
common duct, while 62 patients had stones in the intra- 
hepatic ducts with or without stones in the common duct. 
Choledochoscopic examination was performed not less 
than 4 weeks after surgical exploration under no or mild 
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parenteral diazepam sedation. Gentamicin at | mg/kg was 
also given intramuscularly before each procedure. In six 
patients, the access to the biliary tree was through a spe- 
cially constructed hepatico-cutaneous-jejunostomy (Fig. 
1). In the rest of the patients, the T-tube tract or in patients 
with choledochojejunostomy or hepaticojeyunostomy 
performed, the tube jejunostomy tract was used. 

The Olympus CHF type B4 choledochoscope (Olympus 
Optical Co., Tokyo, Japan) was used in all patients. This 
choledochoscope has an outside diameter of 5 mm and a 
steerable tip that deflects 160 degrees up and 90 degrees 
down from the neutral position. The instrument has a 
channel for continuous saline irrigation, which is also used 
for the passage of accessories such as grasping forceps, 
stone baskets, biliary balloon catheters, or irrigation cath- 
eters. Before and after each session of choledochoscopy, 
a cholangiogram was taken. The endoscope was passed 
via the T-tube tract or jejunostomy under direct vision 
into the biliary tree. The flexibility of the choledochoscope 
permitted the complete visualization of the common duct 
and up to the secondary or tertiary radicals of the intra- 
hepatic ducts. Mud and small grains were removed with 
saline irrigation. If a stone was present, a stone basket 
was passed beyond the stone, opened, and manipulated 
until the stone was ensnared in the basket. This was then 
tightened and retrieved, basket and endoscope together. 

The biliary balloon catheter was used to dislodge stones 
impacted in the smaller ducts. Large stones were crushed 
with stone crushing baskets or biopsy forceps into smaller 
bits, which were then removed with the basket or the 
grasping forceps. When a stricture was encountered, di- 
latation was done with a Griintzig balloon catheter (Cook, 
Inc., Bloomington, IN) to permit the passage of the en- 
doscope to remove the residual stones located beyond the 
stricture. For the insertion of the dilatation balloon cath- 
eter, a guidewire was first threaded through the stricture 
under choledochoscopic guidance. Depending on the size 
of the duct, either a 6 mm or 8 mm diameter balloon 
catheter with a 4 cm long balloon was used. The catheter 
was threaded over the guidewire until the balloon was 
situated across the stricture. The position of the balloon 
could be verified by fluoroscopy with the injection of a 
small amount of contrast material through the catheter. 
Dilatation could be repeated as often as necessary to en- 
sure patency of the duct. 

At the end of each session of choledochoscopy, the 
splintage tube to the biliary tract was replaced. The whole 
procedure was repeated every 5 to 7 days until all the 
stones have been cleared as demonstrated by both the 
cholangiogram (Figs. 2-4) and the choledochoscopy. In 
addition, in two patients, continuous saline irrigation 
through a fine tube passed into the intrahepatic ducts was 
given to dislodge the impacted stones in between sessions. 

When a hepatico-cutaneous-jejunostomy was used for 
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Fic. 1. A hepatico-cutaneous-jejunostomy. The flexible choledochoscope 
is passed via the jejunostomy into the biliary system. The jejunostomy 
is closed after all the stones are removed. 





Fic. 2. A percutaneous transhepatic cholangiogram showing stones in 
the right hepatic ductal system. This patient previously had a hepatt- 
cojejunostomy end left lateral segment hepatic resection performed. 
Stones are also present in the stump of the left hepatic duct. 


bo 
a 
bo 











Fic. 3. The hepaticojejunostomy was converted to a hepatico-cutaneous- 
jejunostomy. The choledochoscope is used to remove the residual intra- 
hepatic stones. 


choledochoscopy, after all the stones were removed, the 
Jejunostomy was closed with one seromuscular layer of 
interrupted Vicryl sutures (Ethicon Ltd., Edinburgh, 
Scotland); closure was done under local anesthesia. 


Results 


The location of the residual stones is shown in Table 
1. A total of 315 choledochoscopy sessions was carried 
out. One to 11 sessions were required per patient for the 
complete removal of the residual stones. For patients with 
stones located in the common duct, this averaged 1.6 ses- 
sions per patient. For those with intrahepatic stones, an 
average of 4.0 sessions was necessary. In general, more 
sessions were required for patients with multiple intra- 
hepatic stones or in those patients who also had biliary 
strictures. Twenty-three patients (22.3%) had strictures: 
seven in the common bile duct, eight in the right hepatic 
duct, and eight in the left hepatic duct. The strictures in 
12 patients were mild. Dilatation with the Griintzig bal- 
loon catheter was carried out in 11 patients. After dila- 
tation with the balloon catheter, the scope was advanced 
to remove the stones. In one patient the stricture could 
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not be dilated because the balloon could not be passed 
through the stricture. 

For the 41 patients who had residual stones located 
only in the common duct, all except two had complete 
removal of the stones. In these two patients, the splinting 
tube accidentally slipped out in between sessions of cho- 
ledochoscopy. Both were subsequently subjected to en- 
doscopic papillotomy. There were no complications. At 
a median follow-up of 17 months, all patients were symp- 
tom free. 

For the 62 patients who had residual stones in the in- 
trahepatic ducts, the complication rate was low, with only 
nine complications occurring in seven patients (11.2%). 
This included four patients who developed fever and chills, 
two patients with severe pain, two patients with small 
bowel fistulae, and one patient with hemobilia. All re- 
sponded to conservative treatment, and in none was the 
procedure abandoned as a result of the complications. 
There was one death in this series, an elderly female pa- 
tient who died of a myocardial infarction in between cho- 
ledochoscopic sessions. 

The success rate was 82.3% in the 62 patients with re- 
sidual intrahepatic stones. The residual stones could not 
be entirely removed in 11 patients. The causes were tech- 








Fic. 4, All the residual stones have been removed. 


Vol. 203 « No. 3 


nical difficulties in five patients, lost T-tube tract in four 


patients, refusal of the procedure in one patient, and death’ 


before complete stone removal in one patient. As for the 
technical difficulties encountered, in four patients they 
were due to inaccessibility because the stones were located 
in the peripheral branches of the intrahepatic ducts. The 
choledochoscope could not reach the stones because of 
the acute angulation as well as the small size of these 
branches. In one patient, the procedure was abandoned 
because the cutaneous jejunal loop constructed for the 
passage of the flexible choledochoscope was too redun- 
dant. She also had a left hepatic duct stricture that could 
not be dilated. 

All patients were closely monitored after the completion 
of choledochoscopy. The duration of follow-up ranged 
from 3 months to 32 months, with a median of 17 months. 
Of the 10 patients with known residual stones, one patient 
was reoperated on because of recurrent cholangitis. The 
rest had no or minimal symptoms. Of the 51 patients who 
had no residual stones, only one patient developed chol- 
angitis. Endoscopy retrograde cholangiogram showed the 
reformation of stones. Endoscopic papillotomy was per- 
formed and the patient is now asymptomatic, The rest 
had no or minimal symptoms. 


Discussion 


The incidence of intrahepatic stones in Western coun- 
tries is low. In Japan, 4% of the patients with calculus 
disease of the biliary tract have intrahepatic stones.'* At 
35%, the incidence in Taiwan is probably the highest.!> 
In Hong Kong, the incidence is approximately 15%. 

_ Intrahepatic stones are found frequently in patients with 
recurrent pyogenic cholangitis.!® In this condition, there 
is primary bacterial cholangitis leading to the formation 
of stones in the bile ducts. Preoperative investigations such 
as endoscopic retrograde cholangiography or percutaneous 
transhepatic cholangiography usually demonstrate the 
intrahepatic stones, which are then surgically removed. 
Many factors, however, prevent the complete removal of 
the stones. These include intrahepatic duct strictures, 
stones situated in the small peripheral branches, and the 
impaction of stones. In patients with numerous large and 
small stones, some may be overlooked. The most effective 
way of removing all the stones is by performing a liver 
resection. This is possible in only 15% of the patients in 
whom the stones are localized to one part of the liver.! 
Patients with intrahepatic stones may also present with 
acute suppurative cholangitis for which emergency de- 
compression of the biliary tree by the simplest operation 
is performed. In these operations, the intrahepatic stones 
are usually left behind to be removed by subsequent pro- 
cedures. The reported incidence of residual stones in pa- 
tients with intrahepatic calculi is very high, between 54% 
and 71%. 
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TABLE 1. Location of Residual Calculi in 103 Patients 
Location Number of Patients 
Ampullary 2 
Common duct 39 
Common duct + intrahepatic duct 32 
Intrahepatic duct 30 
Total 103 





Many methods have been used to eliminate residual 
intrahepatic stones, one of which is performance of a sec- 
ond operation. Reoperation for intrahepatic stones carries 
a higher mortality than the primary operation, and the 
mortality increases as the number of reoperations in- 
creases.” Inflammation, adhesions, and distortion of 
anatomy, which usually occur after operative procedures, 
also make the location and removal of stones more dif- 
ficult during the reoperation. 

Agents such as heparin,!” bile salts,® and glycerol oc- 
tanoate!® have been used to dissolve residual stones. Suc- 
cess depends on the size, location, and the chemical con- 
tent of the stones. Intrahepatic stones are most commonly 
calcium bilirubinate stones,!? which are insoluble in any 
of the agents mentioned. Jn vitro studies show that the 
disodium salt of ethylenediaminetetraacetic acid (EDTA) 
can dissolve calcium bilirubinate stones, but in clinical 
practice, the success was limited.” EDTA is not without 
its own hazards; it can cause severe chemical cholangitis. 
Moreover, chemical dissolution is a long and cumbersome 
procedure and has a definite risk of introducing infection. 

Instrumental extraction using a steerable catheter 
passed into the biliary tree through the T-tube tract is 
effective in removing residual stones.”*® Because of tech- 
nical difficulties, the failure rate is higher with intrahepatic 
stones.’ This technique also has the disadvantage that the 
ducts are visualized indirectly with X-rays. In patients 
with multiple stones requiring prolonged extraction, the 
operator is exposed to a great deal of irradiation. 

The flexible choledochoscope was first used by Naka- 
mura to extract residual stones.’ The flexibility of this 
instrument allows passage into the secondary radicles of 
the intrahepatic ducts. We prefer to use this instrument 
over the other methods described. Because the ductal lu- 
men can be directly visualized, stones can be differentiated 
from mucosal abnormalities such as papillomas and other 
artifacts such as air bubbles seen on cholangiograms, The 
stone basket can be positioned accurately to ensnare the 
stone. There have been ptevious reports of removing re- 
sidual intrahepatic stones using the flexible choledocho- 
scope. The stones were successfully removed in 57 to 94% 
of the patients.!°-! 

In our study, for patients with residual common bile 
duct stones, postoperative flexible choledochoscopy is 
highly effective. Of the 41 patients undergoing the pro- 
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cedure, stones were completely removed in 39 (95%). The 
two failures were due to the accidental loss of the T-tube 
tract, which is avoidable by properly securing the splintage 
tube. 

While the removal of residual common duct stones was 
straightforward, the removal of residual intrahepatic 
stones was technically more difficult and required persis- 
tence as well as supplementary procedures. The success 
rate for the 62 patients with residual intrahepatic stones 
was slightly lower at 82.3%. Of the 11 patients whose 
stones were not completely removed, five were due to 
technical difficulties resulting from the limitation of the 
flexible choledochoscope. In most of these patients, only 
small stones in the peripheral ductal branches remained. 

Biliary strictures are often encountered in the course 
of removing intrahepatic stones. The more severe stric- 
tures required dilatation with the Griintzig balloon cath- 
eter before the choledochoscope could be advanced. Ex- 
cept for one patient, we could dilate the strictures enough 
to remove all the stones lying distal to the stricture. How- 
ever, the dilated segments usually narrowed slightly on 
visualization in subsequent choledochoscopic sessions and 
repeated dilatation was necessary to pass the choledocho- 
scope again. Whether these stenotic segments will main- 
tain an adequate patency in the long term will require 
follow-up cholangiographic studies. 

The hepatico-cutaneous-jejunostomy was first used by 
Fang in 1978 to provide unrestricted access to the biliary 
tract after operation.”' Hutson et al. has reported the use 
of this jejunostomy for dilating biliary strictures in patients 
suffering from sclerosing cholangitis.*? We have performed 
the hepatico-cutaneous-jejunostomy in six patients and 
have found that it provided a ready access to the biliary 
tract, but a few technical details should be observed in 
the construction. In two patients, the jejunal segment be- 
tween the cutaneous opening and the hepatic duct was 
too redundant. Negotiating the long loop and the iden- 
tification of the hepaticojejunostomy became very time 
consuming. In one patient, stone extraction was eventually 
successful. In the other patient, choledochoscopy had to 
be abandoned; this patient also had a left hepatic duct 
stricture that could not be dilated. We advocate that the 
length of the jejunal connection between the common 
hepatic duct and the outside should be restricted to the 
minimum—1!0 cm or less. If possible, the cutaneous 
opening should be sited just lateral to the rectus abdominis 
muscle and below the right costal margin. At this position, 
once inserted, the choledochoscope readily enters the bil- 
iary tract. 

Follow-up assessment of our patients showed that of 
the 10 patients with known residual stones, only one de- 
veloped recurrent symptoms. We have questioned these 
patients carefully, and the majority were asymptomatic, 
although a few had occasional transient discomfort. Even 
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though the length of follow-up was short (17 months), it 
is clear that the majority of patients with residual intra- 
hepatic stones do not have recurrent symptoms of chol- 
angitis. This contention is supported by our previous study 
on the surgical management of intrahepatic stones, which 
showed that, at a median follow-up of 6 years, only 17% 
of the patients developed recurrent cholangitis requiring 
reoperation.’ The exact incidence of residual stones in 
that group of patients was not known. The high incidence 
seen in the past 2 years led us to believe that the incidence 
of residual intrahepatic stones in the previous study ap- 
proached the high figures reported by others. Several hy- 
potheses may be put forward to explain this observation. 
(1) The stones, especially the smaller ones, may have 
passed spontaneously. (2) Small stones may be dissolved 
because of the increased bile flow that occurs after the 
obstruction is relieved by the removal of the larger stones 
in the common bile duct. (3) The stones may have re- 
mained, but the antibiotics given to the patient sterilized 
the bile so that overt cholangitis does not occur. The stones 
are also situated in segmental or subsegmental bile ducts 
so that obstructive jaundice is not manifested. Mild in- 
fection, if set in later, is resisted by the patient’s own bodily 
defenses, and, if this is happening, mild symptoms of 
cholangitis may be evident but are passed unnoticed by 
the patient. This may explain the periodic elevation in 
the serum alkaline phosphatase level in some otherwise 
asymptomatic patients who had previous operations for 
intrahepatic stones. 

Of the 51 patients who had all the residual intrahepatic 
stones removed, only one had recurrent cholangitis. This 
was due to the reformation of stones. This patient un- 
derwent an endoscopic papillotomy, which was successful 
because the stone was situated in the common bile duct. 
Reformed stones in the intrahepatic ducts that produce 
symptoms will require operative treatment, but, if a he- 
patico-cutaneous-jejunostomy is present, the jejunal loop 
can be opened and choledochoscopy again can be carried 
out. At 2%, the rate of recurrent cholangitis is very low 
in this study; however, the duration of follow-up is still 
too short. 

The complication rate of postoperative choledochos- 
copy for removing residual intrahepatic stones was low. 
The major complications occurred in two patients who 
developed a small bowel fistula and in one patient with 
hemobilia. The fistulae were probably caused by the 
splintage tube, which eroded into the surrounding je- 
junum or duodenum. Both subsided after a short period 
of conservative management. The hemobilia was mild, 
and no blood transfusion was required. It also subsided 
spontaneously. 

In conclusion, postoperative flexible choledochoscopy 
supplemented by choledochoscopic balloon dilatation is 
a safe and effective method of removing residual intra- 


ye 


Vol 203 + No. 3 


he 
de 


patic stones. A longer follow-up period is necessary to 
termine whether the rate of recurrent cholangitis will 


ultimately be reduced. 
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During the last 25 years, 134 patients with chronic pancreatitis 
were treated surgically in our clinic. According to intraoperative 
measurement of the pancreatic intraductal pressure, both per- 
fusion pressure and residual pressure in the patients with dilated 
pancreatic duct were significantly higher than those in control 
patients. Operative procedures included side-to-side pancreati- 
cojejunostomy in 47 patients, 40%-80% caudal pancreatectomy 
in 28, pancreaticoduodenectomy in 16, pancreatic sphinctero- 
plasty in 10, and others. The effect of operation on abdominal 
pain was noted in 97% of the patients. The study of operative 
effect on abdominal pain and follow-up results showed the ex- 
cellent maintenance of operative benefit. Surgical treatment, 
however, could not help improve impaired function of the pan- 
creas. Ten of 34 late deaths were related to the failure of con- 
trolling diabetes. Therefore, long-term follow-up care to the 
pancreatic dysfunction is considered to be necessary even after 
complete relief of abdominal pain. 


FEW DECADES ago chronic pancreatitis was con- 

sidered a relatively rare disease in Japan. Re- 

cently, however, the number of patients with 
chronic pancreatitis is increasing with the advent of di- 
agnostic modalities such as endoscopic retrograde cho- 
langiopancreatography, ultrasonography, computed to- 
mography, and so forth. The senior author (TS) com- 
menced surgical treatment for the patients with chronic 
pancreatitis in 1960. The surgical treatment for chronic 
pancreatitis, based on the 25 years’ experience, is evaluated 
in the present study. 


Patients and Methods 


From January 1960 to March 1985, a total of 145 pa- 
tients with chronic pancreatitis were admitted to our 
clinic. Of these 145 patients, 114 patients were males and 
31 were females. Their ages ranged from 11 to 72 years, 
with a mean age of 45 years. The etiologies of the disease 
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were alcohol abuse, i.e., taking more than 90 grams of 
ethanol daily, in 78 patients, gallstone in 14 patients, pan- 
creatic injury in seven patients, and acute pancreatitis in 
six patients. The etiology was unknown in 40 patients. 
Pancreatic calculi were found in 58% of the patients and 
diabetes mellitus in 47%. 

Indications for surgical treatment of chronic pancre- 
atitis in our institution are as follows: (1) intractable pain 
uncontrolled by medical treatment; (2) complications such 
as pancreatic cyst, abscess, or fistula; (3) biliary tract dis- 
ease; and (4) suspected carcinoma of the pancreas. One 
hundred forty-two operations were performed in 134 pa- 
tients. Operative procedures included side-to-side pan- 
creaticojejunostomy in 47 patients, 40%-80% caudal 
pancreatectomy in 28 patients, pancreaticoduodenectomy , 
in 16 patients, total pancreatectomy in one patient, biliary 
tract operation in 13 patients, sphincteroplasty of the main 
pancreatic duct in 10 patients, pancreatic cystodigestive 
anastomosis in eight patients, and others. 

Choice of the operative procedure was made by the 
status of the main pancreatic duct and the location of the 
lesion. Pancreatic duct drainage operations were per- 
formed in patients with dilated duct of more than 8 mm 
in diameter, while in patients without ductal dilatation 
ablative procedures were chosen (Table 1). An operative 
mortality was judged to be any death occurring within 30 
days after operation. 

Intraoperative measurement of the pancreatic intra- 
ductal pressure was carried out in five patients of chronic 
pancreatitis with ductal dilatation of more than 8 mm in 
diameter and in 10 patients of gastric cancer with normal 
pancreas as control. Introduction of a No. 23 gauge needle 
into the main pancreatic duct was carried out by direct 
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puncture through the surface of the pancreas in the pa- 
tients with chronic pancreatitis. In the patients of gastric 
cancer, a tube was inserted into the main pancreatic duct 
at the stump of the pancreas after caudal pancreatectomy 
for the purpose of lymphnode dissection at the time of 
total gastrectomy. The needle or the tube inserted into 
the main pancreatic duct was attached to a connecting 
tube, a three-way stopcock, a pressure transducer, and a 
20-ml syringe, all filled with saline solution. The zero 
level of the pressure transducer was adjusted at the level 
of the ampulla of Vater. Pancreatic intraductal pressure 
was obtained by the irrigation of the main pancreatic duct 
with normal saline at a rate of 1.5 ml per minute. Data 
were analyzed using Student’s t-test. 

The effect of operation was assessed in patients who 
survived for longer than 6 months after operation. Follow- 
up information was obtained by clinic visit, phone call, 
or questionnaire. The mean follow-up durations after 
various operative procedures were 9.1 years for side-to- 
side pancreaticojejunostomy, 8.5 years for caudal pan- 
createctomy, 7.6 years for pancreaticoduodenectomy, 8.4 
years for pancreatic sphincteroplasty, and 10.0 years for 
other operative procedures. 


Results 


Operative death was encountered in five patients (3.7%). 
Three patients died after ablative procedures. One patient 
died after pancreaticolithotomy and one after biliary tract 
operation. No operative deaths occurred after pancreatic 
duct drainage operations. 


Reoperations 


Nine patients required reoperation. The first operative 
procedures and the reoperative procedures are shown in 
Table 2. Recurrence of the abdominal pain was the main 
indication for reoperation. The interval between the first 
operation and the reoperation ranged from 7 months to 
12 years. In six out of the nine patients, the first operation 
was performed only for the correction of complications 
such as pancreatic pseudocyst and pancreatic abscess. One 
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TABLE 1. Surgical Procedures for Chronic Pancreatitis 
Patients with dilated duct 66 
Side-to-side pancreaticojejunostomy 47 
Pancreatic sphincteroplasty 10 
Caudal pancreaticojejunostomy 2 
Pancreaticoduodenectomy 5 
Others 2 
Patients without dilated duct 76 
Caudal pancreatectomy 27 
Pancreaticoduodenectomy 11 
Total pancreatectomy 1 
Biliary tract operation 12 
Cystodigestive anastomosis 8 
Others 17 


of the two patients who had undergone side-to-side pan- 
creaticojejunostomy as the first operative procedure de- 
veloped severe jaundice 5.8 years after the first operation 
and underwent pancreaticoduodenectomy because of the 
suspicion of pancreatic cancer. In the other patient, since 
incarcerated pancreatic calculi near the orifice of the main 
pancreatic duct had not been removed by the first oper- 
ation of side-to-side pancreaticojejunostomy, these were 
removed by pancreatic sphincteroplasty 12 years after the 
first operation, owing to recurrence of severe abdominal 
pain. Favorable results were obtained by the reoperations, 
except for one patient who died of intra-abdominal bleed- 
ing after caudal pancreatectomy. i 


Late Deaths 


There were 34 late deaths during the follow-up period. 
Ten of them died of diabetes mellitus, seven of malignant 
tumor, five of heart disease, three of cerebral disease, three 
of liver disease, and six of other diseases. 


Pancreatic Intraductal Pressure Study 


Typical curves of pancreatic intraductal pressure are 
shown in Figures 1 and 2. Immediately after irrigation of 
the main pancreatic duct with normal saline, pancreatic 
intraductal pressure rose to the plateau level, which means 
perfusion pressure. Residual pressure was gained after 


TABLE 2. Operative Procedures for the First Operations and Reoperations 








Patient Procedures for the First Operation Procedures for the Reoperation 
1 Pancreatic cystojejunostomy Left splanchnicectomy 
2 Pancreatic cystogastrostomy Side-to-side pancreaticojejunostomy 
3 External drainage of the pancreatic cyst Caudal pancreatectomy 
4 External drainage of the pancreatic cyst Distal pancreatectomy 
5 Drainage of the pancreatic abscess Side-to-side pancreaticojejunostomy 
6 Side-to-side pancreaticojejunostomy Pancreatic sphincteroplasty 
7 Side-to-side pancreaticojejunostomy Pancreaticoduodenectomy* 
8 Pancreatic sphincteroplasty Distal pancreatectomy 
9 Pancreaticolithotomy Vagotomy, distal gastrectomy (Billroth ID 





* Reoperation was performed in other hospital. 
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je - 1.5 m/min 


Fic. 1. Pancreatic intraductal pressure of the patient of gastric cancer with normal pancreas. a = basal pressure, b = rising time, c = perfusion 


pressure, d = decay time, e = residual pressure. 


ceasing irrigation. Both perfusion pressure and residual 
pressure in the patients with chronic pancreatitis were 
significantly higher than those in the control (Table 3). 


Effect on Abdominal Pain 


The effect of operation on abdominal pain was surveyed 
in 104 patients. Disappearance of pain at the time of fol- 
low-up was noted in 90.7% of the patients undergoing 
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side-to-side pancreaticojejunostomy and in 90.5% of the 
patients undergoing caudal pancreatectomy. Overall, dis- 
appearance and alleviation of pain were noted in 80.8% 
and 16.3% of the patients, respectively, which shows a 
favorable effect of operation in 97.1% of the patients (Ta- 
ble 4). Alleviation or disappearance of pain occurred im- 
mediately after operation. Etiological factors of the disease 
or the length of follow-up duration did not influence the 
operative effect on abdominal pain. 


(EE IN AIS CAE AL LE E E EDA, Pani 
PANCREATIC DUCT PRESSURE 


(CHRONIC PANCREATITIS 40Y. M) 


FIG. 2. Pancreatic intraductal 
pressure of the patient of 
chronic pancreatitis with di- 
lated pancreatic duct. Perfu- 
sion pressure rises to 30 cm 
H2O. Residual pressure is 20 
cm H,O. Intraoperative pan- 
creatogram shows the steno- 
sis of the main pancreatic 
duct (arrow) with distal di- 
latation. 
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TABLE 3. Pancreatic Intraductal Pressure 
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Patients Perfusion Pressure Residual Pressure 
Control (N = 10) 15.2+ 4.6 cm H,0* 8.0 + 2.8 cm H,O 
Chronic pancreatitis 

(N = 5) 38.0+125emH,OF 22.2 + 3.7 cm HOt 





* All results represent mean + standard deviation. 
t p < 0.005 ys. control. 


Exocrine Function of the Pancreas 


Comparison between the results of pre- and postoper- 
ative pancreozymin-secretin test was made in 17 patients, 
revealing postoperative improvement in five patients, no 
change in six patients, and aggravation in six patients. 
BTI-PABA test was performed both before operation and 
at the time of follow-up in 13 patients. Postoperative im- 
provement was obtained in five patients and aggravation 
in eight patients. Daily excretion of fecal fat was measured 
before and after operation in 19 patients. Fecal fat excre- 
tion decreased in six patients, remained unchanged in 
two patients, and increased in 11 patients at the time of 


~ follow-up. 


Endocrine Function of the Pancreas 


Oral glucose tolerance test, which was performed before 
and after operation in 42 patients, showed unchanged re- 
sult in six patients and worse result in 36 patients at the 
time of follow-up. In all of the patients undergoing pan- 
creatic resection, glucose tolerance was aggravated at the 
time of follow-up (Table 5). 


Postoperative Changes in Body Weight 


Comparison of body weights between the period im- 
mediately prior to the operation and the last follow-up 


> was made in 76 survivors. Gain of more than 5% to the 
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preoperative body weight at the time of follow-up was 
obtained in 27% of the patients undergoing side-to-side 
pancreaticojejunostomy, 41% of the patients undergoing 
caudal pancreatectomy, and 18% of the patients under- 
going pancreaticoduodenectomy. Loss of more than 5% 
to preoperative body weight was noted in 55% of the pa- 
tients undergoing pancreaticoduodenectomy. Overall, 
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TABLE 4. Effect of Operation on Abdominal Pain 
Number Pain 
of 
Type of Operation Patients Disappeared Alleviated  Persisted 
Caudal pancreatectomy 21 19 (90.5)* 2 (9.5) 
Pancreaticoduodencctomy 11 6 (54.5) 4 (36.4) 1 
Side-to-side pancreatico- 
jejunostomy 43 39 (90.7) 4 (9.3) 
Pancreatic 
spinchteroplasty 9 3 5 1 
Caudal pancreatico- , 
jejunostomy 2 2 
Pancreatic cystodigestive 
anastomosis 5 2 3 
Biliary operation 9 8 1 
Others 4 3 1 
Total 104 84 (80.8) 17 (16.3) 3 (2.9) 





* Numbers in parentheses indicate percentage. 


gain of body weight was confirmed in 36% of the patients, 
loss in 28%, and no change in 37% (Table 6). 


Follow-up Results 
Follow-up results were classified into three groups such 


- as good, fair, and poor. The criteria for this classification 


were described previously.'! One hundred fifteen patients 
were followed up for longer than 6 months after operation. 
Of these 115 patients, 81 are still alive and 34 died of 
various diseases. In 24 out of 34 late deaths, cause of death 
did not have direct relation to chronic pancreatitis, and 
they are excluded from the follow-up study. The remain- 
ing 10 patients who died of diabetes mellitus are included 
in the follow-up study as the poor group. 

Good result was obtained in 74.4% of the patients un- 
dergoing side-to-side pancreaticojejunostomy, 82.4% of 
those undergoing caudal pancreatectomy, and 50% of 
those undergcing pancreaticoduodenectomy. All of the 
seven patients whose follow-up result was poor after side- 
to-side pancreaticojejunostomy died of diabetes mellitus. 
Overall, good result was confirmed in 70.3% of the pa- 
tients, fair in 16.5%, and poor in 13.2% (Table 7). Analysis 
of follow-up results according to the length of postoper- 
ative duration revealed the excellent maintenance of op- 
erative benefit (Table 8). Comparison of the follow-up 


TABLE 5. Postoperative Change of Glucose Toierance 


Number of 
Type of Operation Patients 
Side-to-side pancreaticojejunostomy 26 
Distal pancreatectomy 5 
Pancreaticoduodenectomy 5 
Others 6 
Total 42 


* Numbers in parentheses indicate percentage. 





Glucose Tolerance at Follow-up 


Improved Unchanged Aggravated 
0 3 (12)* 23 (88) 
0 0 5 
0 0 5 
0 3 3 
0 6 (14) 36 (86) 
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TABLE 6. Postoperative Change in Body Weight 











Number Body Weight at Follow-up 
of 

Type of Operations Patients Gained Unchanged Lost 
Caudal pancreatectomy 17 7 (41)* 6 (35) 4 (24) 
Pancreaticoduodenectomy i] 2 (18) 3 (27) 6 (§5) 

Side-to-side pancreatico- 

jejunostomy 30 8 (27) 13 (43) 9 (30) 
Others 18 10 (56) 6 (33) 2(11) 
Total 76 27 (36) 28 (37) 21 (28) 





* Numbers in parentheses indicate percentage. 


results between alcoholic and idiopathic chronic pancere- 
atitis showed the superiority of the latter (Table 9). 


Discussion 


The number of patients who die of chronic pancreatitis 
is gradually increasing,” though the annual incidence of 
chronic pancreatitis in this country has not been revealed 
clearly. 

It has been recognized that most of the symptoms of 
chronic pancreatitis, including abdominal pain and pan- 
creatic insufficiency such as steatorrhea and diabetes, can 
be controlled by medical treatment. Ammann et al.? 
pointed out that spontaneous relief of abdominal pain in 
uncomplicated chronic pancreatitis was accompanied by 
a marked increase of pancreatic dysfunction and calcifi- 
cation. There is no assurance, however, that the clinical 
course of all patients with chronic pancreatitis follows 
that of Ammann’s patients. It seems intolerable for the 
patient to wait for an indeterminate time in the hope of 
spontaneous relief of pain. According to the survey about 
the clinical course by the study group on chronic pancre- 
atitis of the Japanese Welfare and Health Ministry,‘ ab- 
dominal pain remained unchanged or deteriorated in 
24.4% of 131 patients who were followed up for longer 
than 3 years under medical treatment. The authors con- 


TABLE 7. Follow-up Results after Operation for Chronic Pancreatitis 











Number Results 
of 
Type of Operation Patients Good Fair Poor 

Caudal pancreatectomy 17 14(82.4)* 3 (17.6) 
Pancreaticoduodenectomy 10 5 (50.0) 2 (20.0) 3 (30.0) 
Side-to-side pancreatico- 

jejunostomy 39 29 (74.4) 3 (7.7) 717.9) 
Pancreatic sphinc- 

teroplasty 7 3 3 1 
Caudal pancreatico- 

jejunostomy 2 i l 
Pancreatic cystodigestive 

anastomosis 7 5 1 i 
Biliary operation 6 5 l 
Others 3 2 l 
Total 91 64 (70.3) 15 (16.5) 12 (13.2) 





* Numbers in parentheses indicate percentage. 
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TABLE 8. Follow-up Results According to the Length 
of Postoperative Duration 











Length of Follow-up Results 
Postoperative Number of 
Duration Patients Good Fair Poor 
Shorter than 5 years 27 16 (59.3)* 4 (14.8) 7 (25.9) 
Longer than 5 years 64 48 (75.0) 1117.2) 5 (7.8) 





* Numbers in parentheses indicate percentage. 


sider that the candidates for surgical treatment are not 
only those who have complications requiring surgical 
correction but also those who have medically uncontrol- 
lable pain. Since the effect of operation on abdominal 
pain appears immediately after operation, this effect can- 
not be attributed to the increase of pancreatic dysfunction. 
Accordingly, surgical treatment should be done without 
waiting for the spontaneous pain relief by the progress of 
pancreatic dysfunction in the patients with intractable 
pain, if the lesion of the pancreas is surgically approach- 
able. 

Though the exact mechanism producing pain in 
chronic pancreatitis has not been well established yet, el- 
evated pancreatic intraductal pressure and involvement 
of sensory nerves in scar were supposed to be the possible 
causes. According to the study of intraoperative mea- 
surement of pancreatic intraductal pressure by Bradley,’ 
mean pancreatic intraductal pressure in the patients of 
chronic pancreatitis with dilated duct was significantly 
higher than that of control patients. White et al. observed 
that elevation of pancreatic intraductal pressure above 25 
cm of water produced abdominal pain in a patient with 
chronic pancreatitis. The authors measured pancreatic 
intraductal pressure by a method different from that of 
White et al. We observed, however, that perfusion pressure 
in the patients of chronic pancreatitis with dilated pan- 
creatic duct exceeded 25 cm of water under the condition 
of constant perfusion of normal saline at a rate of 1.5 ml 
per minute. Therefore, it seems reasonable that elevated 
pancreatic intraductal pressure is one of the causes pro- 
ducing abdominal pain. 

Surgical treatment for chronic pancreatitis consists 
mainly of pancreatic duct drainage procedures and abla- 
tive procedures of the pancreas. The rationale of pan- 
creatic duct drainage procedures is the reduction of in- 
creased intraductal pressure. Among three pancreatic duct 
drainage procedures such as pancreatic sphincteroplasty, 


TABLE 9. Follow-up Results According to the Etiologies 


Follow-up Results 





Number of 
Etiology Patients Good Fair Poor 
Alcoholic pancreatitis 50 28 (S6)* 10 (20) 12 (24) 
Idiopathic pancreatitis 23 19 (82.6) 4 (17.4) 0 





* Numbers in parentheses indicate percentage. 
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caudal pancreaticojejunostomy, and side-to-side pan- 
creaticojejunostomy, side-to-side pancreaticojejunostomy 
is generally considered to bring about the most favorable 
results.”® We also prefer side-to-side pancreaticojejunos- 
tomy to other duct drainage procedures. Seventy-one per 
cent of our patients with dilated duct of more than 8 mm 
in diameter underwent side-to-side pancreaticojejunos- 
tomy without operative mortality. Since about 80% of 
them were proved to benefit from the operation by the 
present study, side-to-side pancreaticojejunostomy should 
be chosen first for the patients with dilated duct. It is im- 
portant to make a wide anastomosis on the occasion of 
performing side-to-side pancreaticojejunostomy to obtain 
a better result.? From our experience of one patient re- 
quiring reoperation after side-to-side pancreaticojejunos- 
tomy, removal of the incarcerated pancreatic calculi in 
the main duct of the head of the pancreas is also important 
to prevent recurrence of abdominal pain. 

All patients with chronic pancreatitis do not have a 
dilated pancreatic duct. Grodsinsky et al.'° reported the 
abscence of pancreatic duct dilatation in eight of 22 pa- 
tients with advanced chronic pancreatitis. More than 50% 
of our patients undergoing operation possessed no marked 
dilatation of the main pancreatic duct. Since Way et al." 
showed that side-to-side pancreaticojejunostomy failed to 
provide satisfactory pain relief in patients without dilated 
pancreatic duct, other procedures should be considered 
for them. 

Theoretically, interruption of the sensory nerves from 
the pancreas is an adequate procedure for pain relief, re- 
gardless of the status of the main pancreatic duct. In prac- 
tice, however, expected results cannot be achieved by this 
procedure.'? Therefore, ablative procedures are chosen 
for the patients without dilated pancreatic duct. Ablative 
procedures include pancreaticoduodenectomy, 40 to 80% 
caudal pancreatectomy, 80 to 95% caudal pancreatec- 
tomy, and total pancreatectomy. An adequate procedure 
can be selected according to the location and extent of 
the lesion. Eighty to 95% caudal pancreatectomy and total 
pancreatectomy should be performed only when the duct 
drainage procedures or ablative procedures such as pan- 
creaticoduodenectomy and 40 to 80% caudal pancreatec- 
tomy failed to relieve abdominal pain, because the inev- 
itable diabetes after near-total or total pancreatectomy 
proved to be controlled with great difficulty.'*"'° Forty to 
80% caudal pancreatectomy offers the best results if the 
lesion can be encompassed by this procedure. Though the 
candidates for 40 to 80% caudal pancreatectomy are gen- 
erally thought to be very rare, about 20% of our patients 
underwent this procedure with extremely excellent follow- 
up results. 
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As for pancreaticoduodenectomy, Taylor et al.'® and 
Gall et al.” recommended this procedure for chronic 
pancreatitis based on their excellent results. On the other 
hand, follow-up results of our patients undergoing pan- 
creaticoduodenectomy were not very satisfactory, due 
mainly to poor nutritional state and diabetes. Strict se- 
lection of the patients for this procedure seems to be nec- 
essary. 

This study shows that surgical treatment for chronic 
pancreatitis can bring relief of abdominal pain in most 
of the patients, but it cannot help improve impaired func- 
tion of the pancreas. Considering that 30% of late deaths 
were related to the failure to control diabetes, long-term 
follow-up care for pancreatic dysfunction is indispensable, 
even after complete relief of abdominal pain. 
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Postgraduate surgical education of residents in flexible gastroin- 
testinal endoscopy is mandated by the American Board of Sur- 
gery. In that context, a retrospective analysis was performed of 
the general medical and endoscopic records of patients who ex- 
perienced diagnostic and therapeutic flexible endoscopy during 
an 18-month period at the University of South Alabama Medical 
Center by surgical residents under the supervision of attending 
surgical endoscopists. That analysis revealed these procedures 
to be safe (diagnostic and therapeutic flexible endoscopy: mor- 
bidity incidence 0.4% and 2.2%, mortality incidence 0.2% and 
1.1%, respectively), accurate (100%), and therapeutically ben- 
eficial (19% of the flexible endoscopic procedures were performed 
with therapeutic intent). Review of cumulative resident case pro- 
files revealed that during the course of their clinical education 
(5 years), each resident performed approximately 400-580 en- 
doscopic procedures, functioning successively as first assistant, 
primary endoscopist, and teaching assistant. The authors contend 
that: (1) supervision by surgical endoscopists ensures safety and 
efficacy of the procedures during the education of postgraduate 
surgical residents; (2) the surgical milieu—-integration of endo- 
scopic, surgical anatomic, and histopathologic data—prevides 
the most effective educational format to acquire the skills nec- 
essary to achieve a high degree of accuracy associated with these 
endoscopic procedures; and (3) therapeutic flexible endoscopy 
obviated the necessity for more invasive surgical procedures in 
approximately one-fifth of this patient population. 


HE CAPABILITY of performing rigid and flexible 
endoscopic procedures—mediastinoscopy, thor- 
acoscopy, cystoscopy, arthroscopy, laparoscopy, 

arterioscopy, esophagogastroduodenoscopy, and colon- 
oscopy—-enhances the diagnostic and therapeutic arma- 
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mentarium of any physician. The American Board of 
Surgery mandates that postgraduate general surgical pro- 
grams include education in endoscopic procedures.' The 
definition of that experience is unquantified and thereby 
permits great latitude and flexibility among postgraduate 
surgical educational programs?“ in implementing that 
mandate. Dent et al.” described the endoscopic education 
provided in one postgraduate general surgical program, 
with surgical faculty involved in that educational process, 
utilizing an endoscopic suite shared with a Department 
of Internal Medicine and medical gastroenterologists. The 
dilemma that surgical educators confront is provision of 
a qualitatively and quantitatively sufficient experience to 
residents in these procedures, while ensuring safety, ac- 
curacy, patient benefit, and cost effectiveness. 

During the preceding 6 years, a surgical flexible en- 
doscopy program (shared endoscopic facilities and equip- 
ment) has evolved at the University of South Alabama 
Medical Center. This report represents a retrospective 
analysis of the morbidity, mortality, and accuracy of flex- 
ible endoscopic procedures performed at this institution 
between June 1982 and December 1983. Analysis of the 
data revealed high clinical utility, efficacy, and safety of 
this technology, utilized by residents in a postgraduate 
general surgical educational program under the supervi- 
sion of attending surgical endoscopists. 


Materials and Methods 


Between June 1982 and December 1983, 454 patients 
varying in age from 15-89 years (203 males, 251 females) 
underwent 490 gastrointestinal flexible endoscopic pro- 
cedures, performed by surgical residents under the su- 
pervision of attending surgical endoscopists, Department 
of Surgery, University of South Alabama Medical Center. 
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The procedures were performed in an endoscopy suite or 
operating room on cooperative and hemodynamically 


stable patients. Pre- and intraprocedure intramuscular - 


and/or intravenous parasympatholytic (atropine SO,, 
glucagon, efc.) and sedative (meperidene HC1, diazepam 
HCI, etc.) medications were administered. Each patient’s 
vital signs were monitored throughout the procedure. The 
procedures included (Table .1) esophagogastroduodenos- 
copy (EGD), endoscopic retrograde cholangiopancréa- 
tography (ERCP), flexible proctosigmoidoscopy (FPS), 
and colonoscopy, for diagnostic purposes; and endoscopic 
polypectomy, esophagovariceal sclerotherapy, foreign 
object extraction, esophageal stricture dilatation, percu- 
taneous endoscopic gastrostomy (PEG), and manipulation 
of nasogastric feeding catheters, for therapeutic purposes. 
Those patients who underwent ERCP or PEG received 
preprocedure intravenous antibiotic medication (cepha- 
losporin). Standard indications for the performance of 
these procedures were applied in all instances. Endoscopic 
polypectomy was performed on patients with a variety of 
histopathologic entities (adenomatous, villous, tubulov- 
illous) amenable in terms of size and configuration to 
excisional biopsy employing electrocoagulative and snare 
techniques. Esophagovariceal sclerotherapy (sodium 
morrhuate and hypertonic glucose, 1:1) was performed 
on patients manifesting acute upper gastrointestinal hem- 
orrhagé secondary to hepatic cirrhosis induced portal hy- 
pertension, after the patients had been hemodynamically 
stabilized (crystalloid and blood component replacement, 
systemic vasopression infusion, and/or tamponade). 

Morbidity and inortality were ‘noted in relationship to 
each procedure. The accuracy of the macroscopic inter- 
pretation by the endoscopists was correlated with surgical 
anatomic and histopathologic (surgical and post-mortem) 
analyses when appropriate and feasible. 

Results 
| f 

The results‘are presented in tabular form (see below). 
In 386 of the 490 procedures, no abnormality was ob- 
served, or no surgical anatomic or histopathologic con- 
firmation of an abnormality was obtained (e.g., acute gas- 
tritis, duodenal bulb peptic ulcer, pseudo diverticulosis 
coli, efc.). No morbidity or mortality were observed in 
association with those 386 procedures. By contrast, Table 
2 summarizes the results of a correlation between a 
pathologic entity observed employing diagnostic flexible 
endoscopy, with surgical anatomic or histopathologic 
analyses among 104 of thé 490 procediires. A morbidity 
incidence of 0.4% (2/490) and a mortality incidence of 
0.2% (1/490) were observed in association with the total 


» number of diagnostic procedures. Supplemental analyses; 


when performed, did confirm the endoscopic interpre- 
tation in each instancé (accuracy 100%, 104/104). 
Table 3 summarizes the results of the flexible endo- 
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TABLE 1. Total Number of Flexible Endoscopic Procedures 


_ Procedure _ Number 
EGD 303 
ERCP il 
FPS 9 
Colonascopy 167 
Total 490 


scopic procedures, which, in addition to being diagnostic, 
were also performed with therapeutic intent. A morbidity 
incidence of 2.2% (2/91) and mortality incidence of 1.1% 
(1 /91) were observed in association with those therapeutic 
procedures. In addition, it should be emphasized that ap- 
proximately 19% (91 /490) of all the flexible endoscopic 
procedures were performed with therapeutic intent and 
obviated the need for more invasive surgical procedures. 


Discussion 
_ The postgraduate surgical educational program at the 
University: of South Alabama exposes surgical house of- 
ficers to diagnostic and therapeutic flexible gastrointestinal 
endoscopy throughout their clinical years. During the 


fourth clinical year (PGY 4), an intensive 2-month di- 
dactic and pragmatic exposure to flexible endoscopy is 


TABLE 2. Diagnostic Flexible Endoscopy Correlated with Surgical 
_ Anatomic or Histopathologic Confirmation 
Diagnosis Accuracy Morbidity Mortality 
Pharyngoesophageal 
diverticulum 
Esophageal leiomyomata 2 
Esophageal cancer 9 


ooo 
- OO 


Esophageal stricture 5 0 0 
Esophageal varices 4 0 0 
Gastric ulcer 6 0 0 
Gastric cancer , 5 0 0 
Duodenal peptic ulcer 24 2 0 


Duodenal congenital web 

Duodenal leiomyomata 

Chronic pancreatitis 

Pancreatic divisum 

Pancreatic cancer 

Jejunal cancer ' 

Colonic pseudodiverticulosis 

Colonic adenomatosis 

Colonic cancer 

Colonic angiodyéplasia 

Hemofthoidal disease 

Anal condylomata 

Postsurgical anastomotic 
dysfunction 3 


Total 104 (100%) 


mONOUAN RW mee 
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TABLE 3. Therapeutic Flexible Endoscopy 
Procedure Number Morbidity Mortality 

Polypectomy 25 0 0 

Sclerotherapy 40 | (aspiration 1 (hepatic 

bronchopneumonia) insufficiency) 

Foreign object extraction 0 0 

Esophageal stricture dilatation lI 0 0 

Percutaneous endoscopic gastrostomy 1 (catheter withdrawn) 0 

Nasogastric feeding tube manipulation 7 0 0 

Total 3i 2 (2.2%) 1 (1.1%) 





provided by a surgical endoscopist who is a member of 
the clinical faculty (WRW). During that time frame, a 
resident performs a relevant literature review, develops 
his manipulable and interpretive skills in a clinical setting; 
and on average will perform, as primary endoscopist or 
first assistant, approximately 200-250 supervised flexible 
endoscopic procedures. For the duration of a resident’s 
(PGY 4 and PGY 5) clinical experience, he is responsible 
for utilization of this technology as clinically appropriate 
in relationship to the patients he encounters. He may 
function as the primary endoscopist or a teaching assistant 
under the supervision of attending surgical endoscopists 
(PWC, CBR). During the latter experience, each resident 
will perform an additional 200-250 flexible endoscopic 
procedures. 

The morbidity and mortality incidence observed in the 
aforementioned patient population suggested that the 
procedures are relatively safe. In association with diag- 
nostic flexible endoscopy, these figures were expressed in 
relationship to the total number of flexible endoscopic 
procedures (490); whereas, in association with therapeutic 
flexible endoscopy, these figures were expressed in rela- 
tionship to the total number of flexible endoscopic pro- 
cedures performed with therapeutic intent (91). The mor- 
bidity included three instances of acute bronchopneu- 
monia in patients after EGD and one instance of 
gastrostomy tube withdrawal by the patient after PEG. 
Each patient recovered without residua. The mortality 
included one patient with septicemia secondary to malig- 
nant tracheoesophageal fistulization and one patient with 
irreversible hepatic insufficiency secondary to a nutritional 
type of hepatic cirrhosis. It should be emphasized that the 
morbidity and mortality were observed among patients 
with major comorbid conditions, and, although flexible 
endoscopy was associated, it was not of itself causal to the 
development of that morbidity or mortality. 

Among the patients who underwent subsequent surgical 
anatomic or histopathologic analyses (104), the macro- 
scopic interpretation at the time of flexible endoscopy 
proved accurate in each instance. This is not to say that 
the other flexible endoscopic procedures were inaccurate; 
only that no surgical anatomic or histopathologic analyses 


were performed among the latter group (e.g., no pathology 
identified, no indications for biopsy on the basis of stan- 
dard criteria, nonoperative therapy employed, etc.). The 
authors argue that the accuracy as defined is at least in 
part due to the perspective of a surgical endoscopist who 
has the opportunity to integrate interpretations employing 
flexible endoscopic and more invasive surgical techniques. 

The utility of flexible endoscopy is further corroborated 
in the context of procedures performed with therapeutic 
intent. In approximately 19% (91/490) of the total number 
of procedures performed, therapeutic manipulations ob- 
viated the need for more invasive surgical procedures. 

The authors admit that their conclusions regarding the 
importance of supervision by and expertise of a surgical 
endoscopist in terms of safety and accuracy are partially 
qualitative. From a rigorous scientific, methodologic per- 
spective, unsupervised endoscopy of a control patient 
population and integration of surgical anatomic and his- 
topathologic analyses in all instances, regardless of diag- 
nosis, would need to be performed. Ethical, legal, and 
economic factors, however, interdict that type of protocol. 

In summary, this retrospective analysis suggests that 
the performance of flexible endoscopy by surgical residents 
under the supervision of surgical endoscopists is safe, pro- 
vides accurate diagnostic information, and achieves ef- 
fective and expeditious therapeutic intervention. An ad- 
ditional observation to be emphasized is that the surgeon, 
because he must integrate surgical anatomic and patho- 
logic data with endoscopic interpretations, develops a 
unique perspective and high degree of expertise in the 
context of utilization of this diagnostically and therapeu- 
tically beneficial technology. 
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ZANTAC DOES NOT AFFECT BLOOD LEVELS | 
OF OTHER MEDICATIONS METABOLIZED BY | 
THE HEPATIC CYTOCHROME F-45350 SYSTEM, 
a SUCH AS DIAZEFAM.!? 
o The bioavailability of certain medications whose absorp- 
ae tion is dependent on a low gastric pH may be altered when | 
ZANTAC, cimetidine and other medications which decrease 
gastric acidity are administered. 
RAF ID, FROLONGED INCREASE IN | 
GASTRIC pH 
In six fasting duodenal ulcer patients, ZANTAC 50 mg IV. 
kept gastric pH at high levels when administered every 8 | 
hours, #2 | 
DOSAGE: SO mg qé-8h 
*It is not known exactly how much inhibition of gastric | 
acid secretion is required to heal ulcers. ego a4 
See ADVERSE REACTIONS section of Frescribing Information 
mtor side effects that have heen reported. i _____________ 
Flease see next page for brief summary of FPrescribing : | 
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ZANTAC" INJECTION (ranitidine hydrochloride) 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: ZANTAC* Injection is indicated 

In some hospitalized patients with pathological hypersecretory conditions or intractable 
duodenal ulcers, or as an alternative to the oral dosage form for short-term use in patients 
who are unable to take oral medication. 

CONTRAINDICATIONS: ZANTAC® is contraindicated for patients known to have hyper- 
sensitivity to the drug 

PRECAUTIONS: General: 

1. Symptomatic response to ZANTAC® therapy does not preclude the presence of gastric 
malignancy. 

2. Since ZANTAC is excreted primarily by the kidney, dosage should be acjusted in 
patients with impaired renal function (see DOSAGE AND ADMINISTRATION). Caution 
should be observed in patients with hepatic dysfunction since ZANTAC is metabolized in 
the liver. 

3. In controlled studies in normal volunteers, elevations in SGPT have been observed 
when H3 antagonists have been administered intravenously at greater than recommended 
doses for 5 days or longer. Therefore, it seems prudent in patients receiving IV ranitidine 
at doses greater than or equal to 100 mg qid for periods of 5 days or longer, to monitor 
SGPT daily (from day 5) for the remainder of IV therapy. 

Laboratory Tests: False positive tests for urine protein with Multistix® may occur during 
ZANTAC therapy, and therefore testing with sulfosalicylic acid is recommended 

Drug Interactions: Although ZANTAC has been reported to bind weakly to cytochrome P- 
450 in vitro, recommended doses of the drug do not inhibit the action of the cytochrome 
P-450-linked oxygenase enzymes in the liver. However, there have been isolated reports 
of drug interactions which suggest that ZANTAC may affect the bioavailability af certain 
drugs by some mechanism as yet unidentified (eg, a pH-dependent effect on absorption 
or a change in volume of distribution) 

Carcinogenesis, Mutagenesis, Impairment of Fertility: There is no indication of tumori- 
genic or carcinogenic effects in lifespan studies in mice and rats at oral doses up to 2000 
mg/kg/day. 

Ranitidine was not mutagenic in standard bacterial tests (Sa/monella, E coli) tor 
mutagenicity at concentrations up to the maximum recommended for these assays. 

In a dominant lethal assay a single oral dose of 1000 mg/kg to male rats was without 
effect on the outcome of 2 matings per week for the next 9 weeks. 

Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed 
in rats and rabbits at oral doses up to 160 times the human oral dose and have revealed 
no evidence of impaired fertility or harm to the fetus due to ZANTAC. There are, however, 
no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers: ZANTAC is secreted in human milk. Caution shoulc be exercised when 
ZANTAC is administered to a nursing mother. 

Pediatric Use: Safety and effectiveness in children have not been established. 

Use in Elderly Patients: Ulcer healing rates in elderly patients (65-82 years) treated with 
oral ZANTAC were no different from those in younger age groups. The incidence rates for 
adverse events and laboratory abnormalities were also not different from those seen in 
other age groups. 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injections has been 
reported. Transient local burning or itching has been reported with intravenous adminis- 
tration of ZANTAC*. 

The following have been reported as events in clinical trials or in the routine manage- 
ment of patients treated with oral ZANTAC. The relationship to ZANTAC therapy has been 
unclear in many cases. Headache, sometimes severe, seems to be related to ZANTAC 
administration. 

Central Nervous System: Rarely, malaise, dizziness, somnolence, insomnia and vertigo 
Rare cases of reversible mental confusion, agitation, depression and hallucinations have 
been reported, predominantly in severely ill elderly patients. 
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Cardiovascular: Rare reports of tachycardia, bradycardia, premature ventricular beats. 
Gastrointestinal: Constipation, diarrhea, nausea/vomiting, abdominal discomfort pain, 
Hepatic: In normal volunteers, SGPT values were increased to at least twice the pre- 
treatment levels in 6 of 12 subjects receiving 100 mg qid IV for 7 days, and in 4 of 24 
subjects receiving 50 mg qid for 5 days. With oral administration there have been 
occasional reports of reversible hepatitis, hepatocellular or hepatocanalicular or mixed, 
with or without jaundice 

Musculoskeletal: Rare reports of arthralgias 

Hematologic: Rare reports of reversible leukopenia, granulocytopenia, thrombocytopenia 
and pancytopenia 

Endocrine: Controlled studies in animals and man have shown no stimulation of any 
Pituitary hormone by ZANTAC (ranitidine hydrochloride), no anti- androgenic activity, and 
cimetidine-induced gynecomastia and impotence in hypersecretory patients have 
resolved when ZANTAC was substituted. However, occasional cases of gynecomastia, 
impotence and loss of libido have been reported in male patients receiving ZANTAC, but 
the incidence did not differ from that in the general population. 

Integumental: Rash and, rarely, alopecia 

Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosino: 
philia), small increases in serum creatinine 

OVERDOSAGE: There is no experience to date with deliberate overdosage. Clinical moni 
toring and supportive therapy should be employed 

Studies in dogs receiving doses of ZANTAC® in excess of 225 mg/kg/day have shown 

muscular tremors, vomiting, and rapid respiration. Single oral doses of 1000 mg/kg in 
mice and rats were not lethal. Intravenous LDso values in rat and mouse were 83 mgkg 
and 77 mgykg, respectively. 
DOSAGE AND ADMINISTRATION: Parenteral Administration: In some hospitalized 
patients with pathological hypersecretory conditions or intractable duodenal ulcers, or in 
patients who are unable to take oral medication, ZANTAC* may be administered paren 
terally according to the following recommendations 

Intramuscular Injection: 50 mg (2 ml) every 6-8 hours. (No dilution necessary.) 

Intravenous Injection: 50 mg (2 ml) every 6-8 hours. Dilute ZANTAC Injection, 50 meg, 
in 0.9% Sodium Chloride Injection or other compatible IV solution (see Stability of 
ZANTAC Injection) to a total volume of 20 mi and inject over a period of not less than 5 
minutes. 

Intermittent Intravenous Infusion: 50 mg (2 ml) every 6-8 hours. Dilute ZANTAC 
injection, 50 mg, in 100 ml of 5% Dextrose Injection or other compatible IV solution (see 
Stability of ZANTAC Injection) and infuse over 15-20 minutes. In some patients it may 
be necessary to increase dosage. Wher this is necessary, the increases should be made 
by more frequent administration of a 50 mg dose, but generally should not exceed 400 
mg per day. 

Dosage Adjustment for Patients with Impaired Renal Function: On the basis of experience 
with a group of subjects with severely impaired renal function treated with ZANTAC, the 
recommended dose in patients with a creatinine clearance less than 50 ml/min is 50 mg 
every 18-24 hours. Should the patient's condition require, the frequency of dosing may 
be increased to every 12 hours or even further with caution. Hemodialysis reduces the 
level of circulating ranitidine. Ideally, the dosage schedule should be adjusted so that the 
timing of a scheduled dose coincides with the end of hemodialysis. 
Stability of ZANTAC Injection: ZANTAC Injection is stable for 48 hours at room tempera- 
ture when added to or diluted with most commonly used intravenous solutions, eg, 0.9% 
Sodium Chloride Injection, 5% Dextrose Injection, 10% Dextrose Injection, Lactated 
Ringer's Solution, or 5% Sodium Bicarbonate Injection. 
Note: Parenteral drug products should be inspected visually for particulate matter and 
discoloration prior to administration wherever solution and container permit 
HOW SUPPLIED: ZANTAC® Injection, 25 mg/ml, is available in 2 ml single dose vials in 
boxes of 10 (NDC 0173-0362-38) and in 10 ml multi-dose vials (NDC 0173-0363-39) 
Store below 30°C (86°F). Protect from light 
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Role of Blood Transfusion in Organ System Failure 


Following Major Abdominal Surgery 





SHUNZO MAETANI, M.D., D.MED.Sc.* 


Using multivariate probit analysis, the data of 565 ideni who 


underwent major abdominal surgery were retrospectively ans- 


lyzed, and the etiologic role of blood transfusion in organ system 
failure (OSF), which includes respiratory failure, gastrointestinal 


. stress bleeding, renal failure, nonobstructive, nonhepatitic jaun- 


dice, and coagulopathy, was studied. Apart from the amount of 
blood transfasion, the following factots were included in the 
analysis as possible contributors to OSF: age, preoperative he- 
matocrit, organ failure risk (diffuse peritonitis, obstructive chok- 
angitis, liver cirrhosis, terminal cancer, and ‘hemorrhagic shock), 

ve time, blood loss, and postoperative highest hematocrit. 
The results showed that, except for preoperative hematocrit, all 
the factors are statistically significant contributors, blood traps- 
fusion being the. most significant, There was no statistically sig- 
nificant Interaction between blood transfusion and í organ failure 
risk. It is concluded that blood transfusion is an important, in- 
dependent factor contribating to OSF, and its contribtition cannot 
be attributed to the underlying conditions that require -blood 
transfusion. 


NUMBER OF investigators observed respiratory 

failure in battle casualties? and emergéncy pa- 

AK. tients*’ who had received massive blogd trans- 
fusion. Collins® reported a positive relationship between 
blood transfusion and hypoxemia in thoracic injuries, but 
no significant correlation in abdominal or petipheral in- 
juries. He ascribed hypoxemia to the. magnitude of the 
injuries, which paralleled the requirement of blood trans- 
fusion. Lucas’ reported that postoperative stress ulceration 


ae correlated with the requirernent of blood transfusion. Also, 


a correlation of blood requirement and multiple system 
failure has been described.*'° We also believe that blood 
transfusion, ‘especially to critically “ill patients, is occa- 
sionally followed by respiratory failure, gastrointestinal 
bleeding, disseminated intravascular dotting. or nonhe- 
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patitic jaundice. There has been an increasing tendency 
in our department to withhold whole blood transfusion 
and use more plasma and albumin preparations. However, 
it is very rare for organ system failure (OSF) to be attrib- 
uted solely to blood transfusion: Instead, other factors, 
such as operative insult, trauma, shock, sepsis, and liyer 
cirrhosis, are often seen in patients with such : failure. 
Therefore, the conditions requiring blood transfusion, 
rather than blood transfusion itself, might bethe true cause 
of failure. To study the jndependent role of blood’ trans- 
fusion i in OSF and exclude the effects of other factors, we 
retrospectively applied : a method of multivariate analysis 
to the data of patients who had undergone major abdom- 
inal surgery aad received various amounts of transfusion. 


Patients and Methods 


We reviewed the records of patients who had undergone 
major abdominal operations between 1972 and 1975, 
when whole blood transfusion was more commonly used 
than thereafter. The data on the following items y were col- 
lected for multivariate analysis: 


Organ System Failure (Criterion Variable) 


We used more sensitive criteria for OSF than those 
described for multiple organ failure.'? All of the following 
criteria were classified intd the failure group. Í 
l Respiratory failure was defined as arterial oxygen ten- 
sion below 60 torr with clinical evidence of pulmonary 
abnormalities or requirement of a respirator for more than 
48 hours to maintain adéquate arterial oxygen tension. 
Gastrointestinal stress bléeding denoted’ endoscopic dem- : 
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TABLE 1. Main Surgical Procedures 
Organ Failure Failure 
Number of Failure with without 
Organs Patients Risk* Risk* Risk* 
Esophagus 42 17 7 4 
Stomach 181 13 5 7 
Duodenum 6 l 
Small bowel 25 2 2 2 
Appendix 6 
Colon and cecum 36 2 3 
Rectum 4i 1 
Spleen 18 9 2 
Liver 40 13 7 7 
Biliary tract 87 13 T 8 
Pancreas 34 l 3 
Gynecological 6 
Urological 4 
Retroperitoneal 2 
Others 37 13 5 6 
Total 565 87 36 41 
* See text. 


onstration of acute ulceration or bloody vomitus (or 
bloody fluid through the nasogastric tube) not related to 
other lesions such as variceal bleeding and suture-line 
hemorrhage. Renal failure was defined as serum creatinine 
higher than 3 mg/100 ml or urinary output less than 300 
ml in 24 hours, despite the use of diuretics and adequate 
hydration. Hepatic failure referred to a serum bilirubin 
level higher than 5 mg/100 ml, not associated with hep- 
atitis or biliary obstruction. Hematostatic failure (coagu- 
lopathy) denoted hemorrhagic tendency associated with 
a platelet count of less than 30,000/mm?. 


Factors Contributing to Organ System Failure (Predictor 
Variables) 


Seven factors were selected to predict the development 
of OSF: (1) age, (2) preoperative hematocrit, (3) organ 
failure risk, (4) operative time, (5) blood loss, (6) whole 
blood transfusion plus equivalent blood volume of red 
cell concentrate including that given before operation and 
in the recovery room after operation, and (7) the highest 
value of postoperative hematocrit determinations. The 
value of organ failure risk was coded 1 or 0 according to 


TABLE 2. Organ System Failure 











Type Single Failure Multiple Failure 
Pulmonary 20 (4)* 27 (20) 
Gastrointestinal 9 (4) 27 (21) 
Renal 2 (2) 22 (19) 
Hepatic 4() 23 (19) 
Hemostatic 2 (2) 6 (5) 
Total 37 (13) 40 (31) 





* Numbers in parentheses indicate deaths. 


MAETANI AND OTHERS 


Ann. Surg. + March 1986 


150 
100 


50 


10 20 30 40 50 60 70 
Age (years) 


Number of patients 





Wea 


80 90 


Fic. 1. Age distribution. Shaded and hatched bars represent numbers of 
patients with and without organ system failure, respectively. 


whether or not the patient had any of the following con- 
ditions vulnerable to organ failure before or during sur- 
gery: diffuse peritonitis, obstructive cholangitis, liver cir- 
rhosis, multiple cancer metastases with cachesia, and 
hemorrhagic shock. The patients who had developed OSF 
before surgery were excluded from this study. Those who 
bled or received blood transfusion after operation were 
also excluded unless OSF preceded the postoperative 
bleeding. 


Statistical Analysis 


The computer-aided probit analysis! was made to ob- 
tain a risk score equation, using OSF as the criterion vari- 
able and the above seven factors as the predictor variables 
(see Appendix). To determine whether a given factor sig- 
nificantly contributes to the prediction of failure, the gen- 
eralized likelihood-ratio test! was used. The optimal set 
of predictors that minimizes the Akaike’s statistic was se- 
lected. "? 


Results 


A total of 565 patients were eligible for the analysis. 
The main operations performed on these patients are 
summarized in Table 1. Of these, 338 patients were op- 
erated on for neoplastic diseases, and 62 had emergency 
operations, but there was no trauma case. Seventy-seven 
patients developed OSF, accounting for 44 hospital deaths. 
Eighty-seven patients were high risks for organ failure, 
according to the present criteria. Of these, OSF was seen 
in 36, compared with 41 in the remaining 478 patients. 
The types of OSF are listed in Table 2. Figures | and 2 
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Fic. 2. Distribution of operative time. Shaded and hatched bars represent 
numbers of patients with and without organ system failure, respectively. 


show the distributions of age and operative time, respec- 
tively. The three-dimensional histograms in Figures 3 and 
4 demonstrate distributions of preoperative hematocrit 
versus postoperative highest hematocrit, and blood loss 
versus transfusion, respectively. Of 21 pairwise combi- 
nations of the seven predictor variables, 15 pairs showed 
statistically significant correlations (Table 3), blood loss 
versus transfusion having the highest correlation coeffi- 
cient (r = 0.94). As shown in Figure 5, with increasing 
amount of blood loss, and likewise with increasing amount 
of blood transfusion, the proportion of OSFs rose. How- 
ever, if blood loss is equal, failure tended to occur more 
often in patients receiving greater amounts of transfusion. 
Figure 6 shows that the failure rate is high in those classes 
of patients whose hematocrit values are low before surgery 
but higher than the average after surgery. This increase 
in hematocrit is most likely caused by blood transfusion, 
although it can also be explained by a decrease in plasma 
volume. 

These inferences are confirmed by the results of probit 
analysis as shown in Tables 4 and 5. If a single variable 
is used as a predictor of failure, all variables except the 
postoperative highest hematocrit proved to be statistically 
significant factors. If, on the other hand, all the seven 
variables are simultaneously included in the model, all 
but the preoperative hematocrit were significant predictors 
independent of other variables. In both the analyses, blood 
transfusion showed the highest significance exceeding 
those of organ failure risk, blood loss, operative time, and 
preoperative hematocrit value. This indicates that the close 
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Fic. 3. Distribution of preoperative hematocrit versus postoperative 
highest hematocrit. 


association of OSF with blood transfusion cannot be as- 
cribed to the effects of operative bleeding, length of op- 
eration, preoperative anemia, and the other five conditions 
vulnerable to organ failure (organ failure risk), although 
all of these factors significantly correlate to blood trans- 
fusion (Table 3). The explanation for the negative coef- 
ficients of operative time and blood loss as compared with 
the positive coefficient of blood transfusion (Table 5) may 
be that, if the operative time as well as blood loss is equal, 
a larger amount of blood transfusion is associated with 
higher incidence of OSF. Although preoperative hema- 
tocrit was not a significant factor in this multivariate 
analysis using the generalized likelihood-ratio test, the 
criterion proposed by Akaike showed that inclusion of all 
the seven variables is an optimal model to predict OSF. 
On the other hand, there was no further decrease in 
Akaike’s statistic, nor significant increase in likelihood 
ratio when interaction of organ failure risk with any other 
variable was added to this seven-variable model. 





Fic. 4. Distribution of blood loss versus blood transfusion. 
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TABLE 3. Correlations Between Predictor Variables 











Preoperative Organ Failure Operative Blood Blood Postoperative 
HCT Risk Time Loss Transfusion Highest HCT 
Age —0.1964 —0.041 ~0.007 ~0.004 0.033 —0.106* 
Preoperative HCT —O0.185$ —0.104* ~O.125+ —0.227} —0.366ċ 
Organ failure risk 0.023 0.259} 0.2724 —0,043 
Operative time 0.62} 0.634} 0.1494 
Blood loss 0.9394 O.116F 
Blood transfusion 0.132t 
*p< 0.05. tp < 0.001. 
tp <0.01. 


In Figure 7, the actual failure rates are compared with 
the theoretical probability curve (cumulative standard 
normal distribution) as plotted against risk score. Al- 
though the observed failure rate roughly coincides with 
the expected rate, discrimination between the failure and 
nonfailure groups was poor even by the score derived from 
the internal sample. 


Discussion 


The relationship between blood transfusion and its 
complications may be compared to a clinical situation in 
which, with severity of disease, a drug is used in increasing 
doses and at a higher risk of toxicity. If the toxicity mimics 
the clinical picture of advanced disease, it would be dif- 
ficult to determine which is responsible for deterioration 
of the patient, the drug or the disease. This situation is 
further complicated, and the toxicity, if present, may go 
unnoticed if it appears either exclusively in severe cases 
or in smaller doses in the latter. This problem is best solved 
by a prospective, randomized, clinical trial. Multivariate 
analysis provides another approach to this problem, al- 
though its results must be interpreted with great caution. 





Fic. 5. Failure rate as related to blood loss and blood transfusion. 


As early as the 1940s, probit analysis was used to inves- 
tigate the dose-toxicity relationship of insecticides.!! Al- 
though Finney'! then suggested wide applicability of this 
method besides the field of pharmacological assays, there 
have been few reports of its clinical application. 

The present study using probit analysis shows that blood 
transfusion is a statistically significant factor contributing 
to OSF and that this contribution cannot be attributed to 
those conditions that required blood transfusion, includ- 
ing preoperative anemia, length of operation, blood loss, 
and hemorrhagic shock. Surprisingly, the contribution of 
blood transfusion is of higher statistical significance than 
those of any other predictors. The present study also rejects 
the assumption that blood transfusion contributes to OSF 
only when it is given to high-risk patients with septic con- 
ditions, cirrhosis, shock, or terminal cancers; the presence 
of these factors only reduces the critical amount of blood 
transfusion to produce OSF (statistically, there is additive 
effect, but no interaction). Admittedly, one should be very 
careful in drawing a conclusion from the results of such 
retrospective analyses and must consider other possibili- 
ties. However, the only alternative explanation seems to 
be that the surgeon or anesthetist could more accurately 
predict OSF than the present statistical method and 
transfuse blood to high-risk cases in amounts greater than 
are expected from the patients’ levels of preoperative he- 





FiG. 6. Failure rate as related to preoperative hematocrit and postoperative 
highest hematocrit. 
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TABLE 4. Single-variate Probit Analysis 
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TABLE 5. Multivariate Probit Analysis 














Test 
Predictor Variables Coefficients Intercepts Statistics 

Age (yr) 0.0123 ~1.789 6.04* 
Preoperative Hct (%) 0.0519 0.796 22.72t 
Organ failure risk 

(0, 1) 1.1494 — 1.367 52.147 
Operative time (hr) 0.0101 ~ 1.492 10.8t 
Blood loss (kg) 0.0030 ~1.536 63.487 
Blood transfusion (1) 0.0042 -1.611 91.547 
Postoperative highest 

Het (%) 0.0206 — 1.89 2.9 

*p< 0.05. 

tp < 0.001. 


matocrit, blood loss, and hypotension. This, however, 
seems to be a very uncommon praxis. 

Another unexpected result of our analysis is that anemia 
as assessed by preoperative hematocrit is not an irreplace- 
able contributor to OSF, although the observed failure 
rate actually rises with increasing anemia before surgery. 
Even though it has been generally believed that blood 
transfusion can reduce complications seen in anemic pa- 
tients, this study suggests that some of the complications 
associated with anemia may in fact be caused by blood 
transfusion to correct anemia, rather than by anemia itself. 

If we can accept the assumption that blood transfusion 
_ is an etiologic factor of OSF, the next question will be 
< what component of the blood is responsible for OSF. Since 
postoperative highest hematocrit is also a significant factor, 
cellular elements of blood rather than its liquid fraction 
are candidates. Microaggregates of platelets and leucocytes 
in stored blood have been implicated in the pathogenesis 
of pulmonary damage by many clinical*>'*'® and 
experimental! >!” studies. If this concept is valid, pul- 
monary damage may be preventable by several meth- 
ods,'*! but there seems to be no effective treatment once 
blood is transfused without such prophylactic measures. 
Our prospective study, which is now under way (unpub- 
lished data), however, strongly suggests that respiratory 
failure can be prevented by postoperative hemodilution 
even after massive intraoperative transfusion. To produce 
hemodilution, we rarely withdraw blood (unless postop- 
erative hematocrit exceeds 45%). Instead, we administer 
albumin solution and fresh frozen plasma in large 
amounts for a prolonged postoperative period. Thus far, 
14 patients with established OSF and 20 high-risk patients 
have been subjected to this type of hemodilution. In all 
the patients, the lowest hematocrit is below 30%, being 
lower than what has been regarded as the optimal level.?? 
In 18 patients, the lowest hematocrit is below 20%. This 
is comparable with the experiences known as extreme he- 
modilution,**?’ but of longer duration than the latter. 
Except for respiratory alkalosis, there have been no del- 








Predictor Variables Coefficients Test Statistics 

Age (yr) 0.0187 8.36t 
Preoperative Het (%) ~0.0242 2.56 
Organ failure risk (0, 1) 0.9224 22.59} 
Operative time (hr) ~0.1325 7.61t 
Blood loss (kg) ~0.2733 4.67* 
Blood transfusion (1) 0.7861 26.56} 
Postoperative highest Het (%) 0.0362 5.06* 
Intercept ~2.954 

* p< 0.05. 

łtp<0.01. 

p < 0.001. 


eterious effects attributable to hemodilution. Three pa- 
tients with ischemic heart diseases have well tolerated their 
lowest hematocrits of 23, 23, and 19%, respectively. There 
were four hospital deaths in patients with established OSF 
and one in the high-risk group, but three of the deaths 
were of patients in the terminal stage of cancer. Except 
for hemodilution, the only treatment newly adopted in 
this series was open peritoneal drainage,” performed on 
10 patients with severe peritonitis. Of the seven patients 
who have bled more than 10,000 g (the maximum blood 
loss is 21,000 g) during operation and were given as much 
blood transfusion as earlier by the anesthetist, none have 
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Fic. 7, Distributions of risk scores for the nonfailure group (bottom), 
and for the failure group (middle), as well as actual failure rate and 
theoretical failure curve as plotted against risk score (top). 
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developed respiratory failure except for one patient who 
died of generalized cancer metastases involving the lungs 
and bones. Although statistical comparison with the con- 
trols cannot be made in this nonrandomized trial, we have 
a strong impression that the patients in this series fare far 
better than those treated earlier. 
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Appendix 


To predict the outcome of a patient’s illness from his data in 
terms of an event (e.g., death, failure, or complication), several 
methods of multivariate analysis are available. Although they 
are based on different hypotheses, they give a score for the patient 
in that the higher the score, the greater the risk of the event (e.g., 
failure). This score is obtained by evaluating the individual con- 
tributions of factors related to failure (predictor variables), and 
summing them up (linear model). Thus, 


oor ho + bixi + bX + byxa Hoere, 


where z is the score; x’s are the patient’s values of the variables, 
bo the constant (intercept), and other b’s the respective weights 
(coefficients) of the variables. 

Although the linear discriminant analysis has been most 
commonly used for this purpose, this method is more suited for 
distinguishing between two diseases, rather than between two 
categories of outcome in a group of patients. Theoretically, either 
the analysis based on the probit model (probit analysis) or logistic 
analysis is more suitable for the latter purpose. The probit model 
assumes that (1) failure occurs in a patient when his risk score 
exceeds a critical value, and (2) this critical value is not constant 
for all patients, but normally distributed, varying from one pa- 
tient to another, so that the outcome for the patients with equal 
scores may not necessarily be the same. For example, if one 
wishes to predict anuria (criterion variable) from the systolic 
blood pressure (predictor variable) alone, selecting the latter 
reading as the score, the critical value will be the blood pressure 
level at which glomerular filtration ceases. This level will vary, 
depending on many factors. The predictive power of a scoring 
system is often increased when more than one variable is selected 
to obtain the score as shown in the previous linear model equa- 
tion. The values of the coefficients are estimated as to maximize 
the likelihood function, which in turn is derived from the data 
of patients with a known outcome (maximum likelihood 
method). It is convenient to adjust the risk score in such a manner 
that the critical value follows the standard normal distribution 
with a mean 0 and standard deviation 1. Thus, the probabilities 
of failure in patients with risk scores-1.96, 0, and 1.96 are 2.5, 
50, and 97.5%, respectively, being equal to the tail areas of the 
standard normal curve left to the respective scores. 

The maximized likelihood thus obtained forms the basis for 
testing various hypotheses (generalized likelihood-ratio test). For 
example, to test the hypothesis that blood transfusion signifi- 
cantly contributes to the prediction of failure, the two likelihoods, 
LI and L2, are computed using the two linear models, respec- 
tively; both of them are the same except that blood pressure is 
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included in the first but eliminated in the second model. Under 
the above hypothesis, the test statistic, 2 log (L2/L1) follows a 
chi square distribution with one degree of freedom. Thus, if the 
Statistic is larger than 3.84, one can reject the hypothesis at a 
risk less than p = 0.05 and conclude that blood transfusion is a 
statistically significant predictor. However, this conclusion has 
different implications, depending on whether other variables are 


included in the linear models. If blood transfusion is the only : 


variable included in the first model (single-variate analysis), even 
a very high significant result does not necessarily mean that blood 
transfusion is an essential predictor, although the failure rate 
actually rises with increasing amount of blood transfusion. For 
the true cause of failure may be hemorrhagic shock requiring 
blood transfusion. If so, from the presence or absence of hem- 
orrhagic shock, we could predict the occurrence of failure better 
than from blood transfusion, and so the former could be used 
as a predictor in place of blood transfusion. To eliminate the 
effects of other factors and evaluate the independent contribution 
of blood transfusion to the prediction, the other factors including 


hemorrhagic shock are also included in the model as predictor _ 


variables. However, in this multivariate analysis, a statistically 
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significant result for blood transfusion does not necessarily mean 
that the observed failure rate actually increases with increasing 
amount of blood transfusion. This is valid only when the other 
variables remain unchanged while blood transfusion is increased. 

Occasionally, one may observe that the effect of blood trans- 
fusion in the presence of some factor, for example, septic con- 
dition, is far greater (or far smaller) than would be expected 
from the simple summation of the individual effects. Such a 
combination effect or interaction of two factors can also be eval- 
uated by applying the generalized likelihood-ratio test to a new 
variable that is added to the model and whose value is the product 
of the values of the two factors. 

To select the optimal combination of variables among many, 


-Akaike proposed a statistic given by 


(—2) log (maximized likelihood) 
å + 2 (number of parameters used). 


He regards the combination of variables that minimizes this 
statistic as the optimal model. 





Vocal Cord Paralysis and Reoperative 


Parathyroidectomy 
A Prospective Study 





CARL A. PATOW, M.D." JEFFREY A. NORTON, M.D.t 


MURRAY F. BRENNAN, M.D.+ 





One hundred sixty-three patients undergoing reoperative para- 
thyroidectomy were evaluated before and after operation to de- 
termine the incidence of, risk factors for, and morbidity of vocal 
cord paralysis. These patients were compared to 77 patients un- 
dergoing initial parathyroid operation, only one of whom had 
vocal cord paralysis on postoperative indirect laryngoscopy 
(1.3%). Preoperative examination of the reoperative patients re- 
vealed vocal cord paralysis from initial exploration in 11 patients 
who were excluded from this study. After re-exploration, 10 pa- 
tients (6.6%) had vocal cord paralysis, eight unilateral and two 
bilateral. Right vocal cords were paralyzed twice as often as left. 
In 90%, vocal cord paralysis was associated with removal or 
biopsy of an ipsilateral gland. Vocal cord paralysis occurred de- 
spite intraoperative visualization of the recurrent laryngeal 
nerves. Preoperative localization, parathyroid gland pathology, 
and concomitant thyroidectomy were not associated with in- 
creased risk of vocal cord paralysis. Hoarseness was the major 
symptom. Tracheostomy was required for two patients, one was 
permanent. One patient was treated for aspiration with a tem- 
porary gastrostomy. Nine of 10 patients had return of normal 
voice quality in an average of 4 months time. On examination 4 
years or more after surgery, two of five patients had normal 
vocal cord motion. The oblique anatomic course of the right re- 
current laryngeal nerve may account for the greater frequency 
of right vocal cord paralysis. 


IAILURE TO IDENTIFY the cause of hyperparathy- 
roidism at initial neck exploration necessitates re- 
exploration in a fibrotic and anatomically altered 

operative field. Identification of parathyroid tissue under 
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these circumstances is difficult, and the risk of damage to 
the recurrent laryngeal nerves increases. Data available 
on the incidence of vocal cord paralysis in patients un- 
dergoing reoperative parathyroid surgery are limited. One 
retrospective study noted no permanent vocal cord pa- 
ralysis or paresis in 19 reoperative cases.' Another ret- 
rospective series” reported three of 33 patients with vocal 
cord paralysis after re-exploration, including one patient 
with permanent vocal cord paralysis. They also observed 
that three patients had vocal cord paralysis before oper- 
ation. Wang? reported three patients with postoperative 
vocal cord paralysis in a retrospective study of 112 patients 
treated with re-exploration from 1930 to 1975. To more 
accurately establish the risk of vocal cord paralysis in pa- 
tients undergoing reoperative parathyroidectomy, a pro- 
spective study was designed. 


Materials and Methods 


All patients undergoing reoperative parathyroid surgery 
at the National Institutes of Health were examined before 
and after operation by indirect laryngoscopy or fluoros- 
copy to determine the incidence of, risk factors for, and 
morbidity of vocal cord paralysis or paresis. These patients 
were compared to 77 patients at our institution who were 
undergoing initial parathyroid exploration and were ex- 
amined after operation by indirect laryngoscopy. These 
data were integrated into a prospective data base that in- 
cluded standard demographic data, results of prior surgery, 
the value of both invasive and noninvasive localization 
modalities, intraoperative results, and postoperative out- 
come. The operative experience contained in this data 
base has been reported elsewhere.*® Vocal cord paralysis 
or paresis was defined as absence of motion of the involved 
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cord on phonation. No evaluation of superior laryngeal 
nerve function was attempted. 

One hundred sixty-three patients were re-explored for 
persistent (87%) or recurrent (13%) hyperparathyroidism. 
Preoperative examination revealed vocal cord paralysis 
from prior exploration in 11 patients (6.8%), who were 
excluded from the study. Two of the excluded patients 
had been referred after tracheostomy. Patients with para- 
- thyroid carcinoma were also excluded from analysis, in- 
cluding two patients a“ postreoperation vocal cord pa- 
ralysis. 

Long-term follow-up was obtained by telephone com- 
munication with those patients who experienced vocal 
cord paralysis following re-exploration. Each patient 
completed a questionnaire concerning speech, deglutition, 
and breathing. Fiberoptic nasopharyngoscopy, after top- 
ical nasal anesthesia, was performed to assess laryngeal 
function in five patients 4 or more years following vocal 
cord paralysis. 

Data are analyzed by chi square test. 


Results 


Of the 152 patients without vocal cord paralysis re- 
explored for hyperparathyroidism, 10 patients had post- 
operative vocal cord paralysis (6.6%). For comparison, 
one of 77 patients (1.3%) undergoing initial parathyroid 
exploration (no prior parathyroid surgery) had postop- 
erative vocal cord paralysis. The difference was not sta- 
tistically significant by chi square analysis. The rate of 
vocal cord paralysis for initial procedures of 1.3% was 
comparable to that of other large series (1.7%, 2.75%).”* 
Eight of 103 reoperative patients (7.8%) had vocal cord 
paralysis after a second exploration, and two of 43 (4.7%) 
had vocal cord paralysis after a third exploration. 

Venography, arteriography, and computed tomography 
were performed for nearly every patient in the series. The 
10 patients with vocal cord paralysis had all of these pre- 
operative studies, except for two patients who lacked 
venograms. Five of eight patients (62.5%) had correct pre- 
operative localization by venography compared with 43% 
of the total 163 reoperative patients. Arteriography was 
correct in three. of 10 patients (30%) compared with 44% 
of all patients. Computed axial tomography was correct 
in only one of 10 patients (10%), i to 12.5% of 
the entire reoperative seriss. 

In terms of numbers of vocal cords, 304 vocal cords 
were at risk, of which 12 were paralyzed after operation 
(4%). Of the 10 patients with vocal cord paralysis after re- 
exploration, eight had unilateral vocal cord paralysis and 
two had bilateral vocal cord paralysis (Table 1). Of the 
eight patients with unilateral vocal cord paralysis, six pa- 
tients had right vocal cord paralysis and two patients had 
left vocal cord paralysis. Of six patients with unilateral 
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TABLE 1. Location of Parathyroid Gland Removed or Biopsied and Its 
Relationship to Vocal Cord Paralysis 


Patient Parathyroid Removed or Vocal Cord 
Number Biopsied Paralyzed 
1 Right superior Right 
2 Right inferior ` Right 
3 Right superior and inferior Right 
4 Right inferior Right 
5 Right inferior Right 
6 Right, left superior Right 
7 Right inferior Left 
8 Left inferior Left 
9 Left superior and inferior, Both 
z Tight inferior 
10 Right superior and left Both 
inferior ; 


Reoperative parathyroidectomy patients with postoperative vocal cord 
paralysis. Location of parathyroid gland removed or biopsied indicated 
for each patient. 


vocal cord paralysis following biopsy or removal of only 
a single gland, five were inferior parathyroid glands and 
one was a superior gland. Each of the two bilateral vocal 
cord paralyses was associated with bilateral parathyroid 
biopsies or removal. Right hemithyroidectomy was per- 
formed on one patient with right unilateral paralysis (#5), 
and one with bilateral paralysis (#6). No other patients 
with vocal cord paralysis had concomitant thyroid surgery 
at re-exploration. No patient with a mediastinal parathy- 
roid gland removed experienced vocal cord paralysis. 

Parathyroid glands removed or biopsied were diagnosed 
as adenoma “6 glands) and hyperplasia (7 glands). Two 
glands were histologically normal. 

The surgeon’s operative reports for the 10 patients with 
vocal cord paralysis were reviewed. The recurrent laryn- 
geal nerve ipsilateral to the paralyzed true vocal cord was 
noted to have been identified during seven re-explorations. 
Severence of the recurrent laryngeal nerve was known to 
have occurred on only one occasion (patient #6). The’ 
nerve was repaired immediately with 7-0 nonabsorbable 
suture. The patient experienced a “husky” voice for 2 
months, which resolved. Identification of the recurrent 
laryngeal nerves was not mentioned in three operative 
summaries. In no summary were the superior laryngeal 
nerves mentioned. 

A successful surgical outcome was obtained for eight 
of the 10 patients with vocal cord paralysis as documented 
by resolution of hypercalcemia. Two patients required an 
additional exploration for cure. 

Every patient with vocal cord paralysis manifested a 
change in voice quality. The voice was generally described 
as coarse and weak. Two patients had obstructive dyspnea, 
which required tracheostomy (patients #3 and 9). One 
patient (#10) with bilateral vocal cord paralysis required 
gastrostomy for repeated aspiration. 

Telephone follow-up was obtained for nine of the 10 
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TABLE 2. Parathyroid Glands Removed or Biopsied 
Superior Inferior 
Right Left Right Left 

Associated with vocal 

cord paralysis 4 2 6 3 
Total number of glands 

removed or biopsied 43 31 55 44 





Location of glands removed or biopsied at reoperative parathyroid- 
ectomy. Fifteen glands were associated with postoperative vocal cord 
paralysis. 


patients with vocal cord paralysis. One patient had died 
of unrelated disease. Duration of follow-up was 1 to 5 
years, average of 3 years. One patient had a permanent 
tracheostomy at 13 months. One patient with temporary 
tracheostomy had normal voice and vocal cord mobility 
at 3 months time. Two patients reported marked im- 
provement in voice quality but continued mild hoarseness 
or limited volume. The other patients assessed their voice 
quality as “back to normal” with speech “well understood 
at all times.” The average duration of hoarseness was 15 
weeks (range: 6-52 weeks). The single gastrostomy was 
removed at 6 weeks with resolution of dysphagia and as- 





Fic. 1. Anatomic course of the recurrent laryngeal nerves. Note that 
right recurrent laryngeal nerve takes a more oblique course. For clarity 
veins are omitted from the illustration. 
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piration. Five patients were examined for vocal cord mo- 
bility by nasopharyngoscopy 4 years or more after surgery. 
Two patients had normal vocal cord mobility as observed 
during speech and voluntary cough. 


Discussion 


In this seres of 152 patients re-explored for recurrent 
or persistent hyperparathyroidism, the incidence of vocal 
cord paralysis was 6.6%, or five times greater than pre- 
viously unoperated cases. Right vocal cords were para- 
lyzed twice as often as left (8:4). In nine of 10 patients, 
vocal cord paralysis was associated with removal or biopsy 
of an ipsilateral parathyroid gland. This was despite the 
fact that the opposite neck was explored in nearly every 
case. For patients with unilateral paralysis, removal of an 
inferior parathyroid gland had been performed five times 
more frequently than removal of a superior gland. Bilat- 
eral vocal cord paralysis was uniformly associated with 
bilateral parathyroid removal. 

Risk associated with removal of a parathyroid tissue 
was determined by comparing the number of glands as- 
sociated with vocal cord paralysis to the total number of 
glands removed or biopsied from that location (Table 2). 
Removal of a right parathyroid gland was nearly twice as 
often associated with vocal cord paralysis (10.2%) as re- 
moval of a left gland (5.3%). However, this difference is 
not statistically significant. Superior (8.1%) and inferior 
(9.1%) parathyroid gland removal were equally associated 
with vocal cord paralysis. Concomitant thyroidectomy 
was not a significant determinant in this series. 

The accuracy of preoperative localization studies was 
not significantly different for patients with paralysis than 
for the entire series. Vocal cord paralysis could not there- 
fore be attributed to poor localization by venous sampling, 
arteriography, or computed tomography. Histologic di- 
agnosis was also unrelated to risk of vocal cord paralysis. 

Although not statistically significant, the association of 
right parathyroid gland removal or biopsy with vocal cord 
paralysis may have clinical importance. The fibers of the 
vagus nerve that innervate the larynx are derivatives of 
the nerve of the sixth branchial arch. As such, they are 
displaced inferiorly by the arteries of the preceding bran- 
chial arches. In reversing direction or becoming recurrent, 
the right nerve assumes a course different from the left. 
On the right, the nerve recurs about the subclavian artery, 
a fourth branchial arch derivative. The nerve leaves the 
vagus at the anterior surface of the subclavian artery and 
runs inferiorly about it. The right recurrent nerve then 
ascends obliquely and medially to reach the tracheo- 
esophageal groove. The left recurrent laryngeal nerve re- 
curs about the artery of the left fourth branchial arch, the 
aorta. The nerve leaves the vagus on the anterior surface 
of the arch of the aorta, passes inferiorly about it, and 
ascends in the tracheoesophageal groove? (Fig. 1). 
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Wang!’ has emphasized that the oblique course of the 
right recurrent laryngeal nerve in the lower neck makes 
it more vulnerable to injury. Low in the neck, the right 
recurrent nerve is farther away from the trachea, inter- 
mingled with areolar tissue, blood vessels, and lymph 
nodes. It is, therefore, less constant than the left recurrent 
nerve that runs along the trachea in a vertical plane. 


Based on the operative reports, visualization and pres- 


ervation of the recurrent laryngeal nerves does not guar- 
antee against vocal cord paralysis. This has been observed 
in other series.'! At least four anatomic and technical fea- 
tures may be contributory. A recurrent nerve well localized 
near the trachea may be severed lower in the neck. The 
recurrent nerve, especially on the right, is occasionally 
nonrecurrent and may be injured unknowingly when 
mistaken for a branch of the thyroid artery. Extralaryngeal 
divisions occur in approximately 40% of recurrent laryn- 
geal nerves.'* The composition of motor and sensory 
nerves within the bifurcations is debated. It is possible 
that, if the bifurcations contain motor fibers, injury to a 
nerve branch could result in vocal cord paralysis. Fourthly, 
the external branch of the superior laryngeal nerve also 
provides motor innervation to the larynx, supplying the 
cricothyroid muscle. Laryngologic examination after cri- 
cothyroid nerve paralysis is inconsistently described and 
may appear as bowing, laxity, and irregularity of the ip- 
silateral vocal cord.'3 Although recurrent laryngeal nerve 
injury is more frequently described, damage to the su- 
perior laryngeal nerves may also occur. 

Morbidity due to vocal cord paralysis in this prospective 
study of reoperative parathyroid surgery is 6.6%. This is 
in the midrange of what has been previously reported in 
retrospective series. Hoarseness was usually resolved in 4 
months with no sequelae. Accommodation of the non- 
paralyzed vocal cord accounted for the improvement in 
vocal quality for three of five patients with long-term fol- 
low-up examination, and two patients had endoscopically 
normal laryngeal function. Permanent morbidity due to 
vocal cord paralysis was very low (0.667%). 

In conclusion, the incidence of vocal cord paralysis is 
five times greater for reoperative parathyroid surgery than 
for initial cases. With rare exception, vocal cord paralysis 
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occurred on the side where a parathyroid gland had been 
removed or biopsied. The surgeon is usually unaware of 
recurrent laryngeal nerve injury. The preponderance of 
right vocal cord paralysis may be related to the more 
oblique position of the right recurrent laryngeal nerve. 
The symptoms of vocal cord paralysis are usually tran- 
sient, with eventual return to normal voice. 
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The development of thrombotic obstruction in the portal bed of 
cirrhotic patients presents special problems in diagnosis and 
treatment. In the cirrhotic population treated for portal hyper- 
tension at our Surgical Department during the period 1967-1983 
(512 patients), the incidence of thrombosis in the portal bed was 
16.6% (85 patients). Bleeding was the main presenting symptom 
(70/85), with a mean of four episodes prior to treatment. Careful 
angiographic studies and intraoperative evaluation are funda- 
mental steps to determine the exact anatomical involvement, the 
presence of recanalized veins or fresh occluding clots, and the 
applicability of shunt procedures. A massive portosplenomesen- 
teric involvement often associated with poor surgical possibilities 
was found in 19 patients (22.3%). The presence of partially re- 
canalized veins and fresh occluding clot suitable for disobliterative 
techniques prior to shunt was found in 16 patients, and out of 
73 operated patients a total of 55 shunt procedures could be 
performed. Fifty-three patients who bled from varices could be 
followed up to 5 years: 39 underwent a shunt procedure with a 
51.2% 5-year survival rate, while only one of 14 nonshunted or 
nonoperated survived up to 3 years, and a lethal bleeding was 
the cause of death in all but one. Disobliterative techniques (Fo- 
garty thrombectomy and endovenectomy of intimal fibrotic 
thickenings) prior to shunting provided a good long-term patency 
rate with a 50% protection from lethal bleeding recurrences. 
Nonshunt procedures and the extensive involvement of the portal 
bed are associated with bad prognosis. Also, endoscopic sclero- 
therapy, attempted in patients with massive thrombosis, could 
not prevent recurrences and death from bleeding. Despite a 30% 
failure rate in our study, shunting surgery should be considered 
the only therapeutical possibility of preventing further thrombotic 
recurrences and consequent life threatening bleeding episodes. 


HROMBOSIS in the portal venous system is the 

| main underlying lesion ofextrahepatic portal hy- 
pertension. Differing from the childhood condi- 

tion, in which it represents the frequent evolution of portal 
vein injury or neonatal omphalitis'? and leads to portal 


cavernomatous transformation, in adults it is quoted as 
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a rare cause of bleeding gastroesophageal varices.>-> The 
etiology of portal vein thrombosis often remains obscure 
in any age groups,‘ but the association with liver cirrhosis 
is well known; nevertheless, it does not seem fully inves- 
tigated. Patients affected from portal hypertension because 
of liver cirrhosis should be considered prone to the de- 
velopment of thrombotic complication due to the low 
flow state in the portal bed and to the presence of peri- 
portal lymphangitis and fibrosis. Lack of information from 
large series, necessity of a careful angiographic evaluation, 
and misleading interpretations when partially recanalized 
veins or diverting portal flows are present make it difficult 
to determine a reliable incidence rate in cirrhotics. More- 
over, this disorder, particularly when the portal bed is 
widely involved, provides difficult technical problems in 
the management of bleeding varices. In the present study 
we describe our experience with a large group of patients 
who developed portal thrombosis during the evolution of 
liver cirrhosis. 


Materials and Methods 


From 1967 to 1983, 547 patients affected from portal 
hypertension were treated at our Department of Surgery. 
A thrombotic obstruction of the portal vein and/or its 
radicles was found in 85 of 512 cirrhotic patients during 
the preoperative assessment or at the operating table, ac- 
counting for a 16.6% rate. Sixty-five were men and 20 
were women, ranging in age from 19 to 70 years (mean: 
47.7 years). The main presenting symptom was bleeding 
from ruptured gastroesophageal varices (70/85), with a 
mean of four episodes prior to our observation (range: 1- 
10). Gastroesophageal varices were highly suspected as 
the cause of bleeding by GI roentgenograms and successful 
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TABLE 1. Presenting Symptoms in 85 Cirrhotic Patients 
with Portal Bed Thrombosis 








Number of 
Patients % 
Bleeding esophageal varices 70 82.3 
Splenomegaly and/or hepatomegaly 5 5.8 
Ascites 4 4.7 
Others 6 Toe 





tamponade by Sengstaken tube in the first years of the 
present study or directly confirmed by endoscopy there- 
after. In Table 1 the causes that led to hospitalization are 
listed. Pathology of cirrhosis and Child classification are 
presented in Table 2. Angiographic evaluation included 
splenoportography, ileoportography, and celiacomesen- 
teric arteriography. 

On the basis of preoperative angiographic studies and 
intraoperative findings, the patients were retrospectively 
divided into four groups according to whether the portal 
vein alone was involved by thrombotic obstruction (Fig. 
1), the portal vein with both splenic and mesenteric ra- 
dicles (Fig. 2), or the portal vein with one radicle (Fig. 3), 
or one radicle alone (Fig. 4) (see Table 3 and Fig. 5). In 
63 cases, varying degrees of recanalization have been ob- 
served, while in the remaining 22 an occluding clot was 
present. In seven patients, the occluding clot was recent. 
In the other 15, the portal vein was a thick fibrotic tendon 
with numerous collateralizing vessels. 


Surgical Management 


Bleeding from ruptured gastroesophageal varices was 
the indication for operation in 61 patients, ascites in two, 
and hypersplenism in 10, for a total of 73 operated pa- 
tients. In 12 patients, surgery was not performed either 
because of patient’s reluctance, poor surgical risk, or tech- 
nical considerations. Portosystemic shunt could be per- 
formed in 29 patients. In 14 of them, removal of fresh 
thrombi or intimal fibrotic thickenings was accomplished 
before shunting. In 26 patients, the anatomy and pathol- 
ogy of the thrombotic obstruction prevented the use of 
the portal vein, but a shunt could be performed at the 
splenic (after thrombectomy or endovenectomy in two) 
or mesenteric level. In the latter case, a prosthesis inter- 
position technique has been adopted (Dacron® 12 mm). 

Splenectomy was performed early in our experience in 
10 patients, portoazygos disconnection in three patients, 
while another kind of nonshunt procedure was performed 
in five further cases (see Table 4). In four of five discon- 
nected patients, thrombotic obstruction was radicular (3 
patients) and portoradicular (1 patient). 


Results 


The overall incidence of portal thrombosis in our cir- 
rhotic patients was 16.6%. A high rate of widespread in- 
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TABLE 2. Etiology of Cirrhosis and Child Classification in 85 Patients 





Child Classification 








Etiology of Number of 

Cirrhosis Patients A B C 
Alcoholic 30 — 26 4 
Posthepatic 28 3 22 3 
Idiopathic 27 5 18 4 





volvement of the portal vein and its radicles was found 
(45.8%), and the portal vein was unavailable for shunting 
in 62.7% of cases. 

Our data do not permit correlations between cirrhosis 
that is postalcoholic or posthepatitic in nature and 
thrombosis development, but nine of 12 patients with 
thrombosis of the splenic vein alone and a free portal 
trunk were alcoholics, suggesting an associated pathoge- 
netic role for chronic pancreas inflammation. 

Liver carcinoma was found in two patients at autopsy, 
while in another 53 patients there was no clinical or au- 
topsy evidence of neoplastic liver changes. Fresh occluding 
thrombi (7 patients) and partial recanalization of previ- 





Fic. 1. Venous phase of superior mesenteric arteriography: thrombotic 
obstruction of portal vein and backflow into left gastric vein. 
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FiG. 2. Venous phase of celiacomesenteric arteriography: nonfilling of 
portal, distal splenic, and superior mesenteric veins. Diversion of the 
flow in the inferior mesenteric vein. 


ously thrombosed vessels with intimal fibrotic remnants 
(63 patients) were a frequent intraoperative finding. In 
this situation, the adoption of Fogarty thrombectomy and/ 
or endovenectomy of intimal thickenings made possible 
the utilization of the portal vein for shunting in 14 patients 
otherwise considered unshuntable on the angiographic 
basis. 

The operative mortality was 8.2%. In Fig. 6 and Table 
5, the clinical evolution of 53 patients up to 5 years from 
a group of 70 who bled from ruptured varices is repre- 
sented. Thirty-nine patients underwent a shunt procedure, 
while 14 could not be shunted or were not operated at 
all. Only one patient in the second group survived up to 
3 years; in all but one, the cause of death was bleeding 
recurrences. 

In the shunted group, a survival rate of 51.2% had been 
observed at 5 years, but 30.7% of them died because of 
bleeding recurrences. Satisfying figures of survival should 
be noted in those patients in which a previous thrombec- 
tomy and/or endovenectomy made available the portal 
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vein for shunting: five of 10 were alive at 5 years with a 
patent anastomosis and no further bleedings (see Table 
5). The group of patients with extensive thrombosis in- 
volving the portal vein and both radicles provided poor 
results: 13 of 19 could in no way be shunted and a 69.3% 
mortality rate has been observed in the first year. But 
even in this setting the construction of a mesentericocaval 
shunt allowed a long-term survival in two patients. 
Shunted alcoholic patients in this study did not show a 
different pattern of survival if compared to the nonalco- 
holic patients. Five of 11 were alive at 5 years (45.4%) 
with a 27.1% rate of death from bleeding but a higher 
(18.1%) rate of death due to hepatic failure (7.1% rate in 
the nonalcoholic group). However, a segmental localiza- 
tion of the thrombotic obstruction limited to one radicle 
and a free portal trunk, the most favorable clinical setting, 
was more frequently represented in the alcoholic group. 

Encephalopathy or behavioral changes were not objec- 
tively investigated other than on clinical grounds. How- 
ever, their incidence does not seem different from that 





Fic. 3. Venous phase of superior mesenteric arteriography: nonfilling of 
the superior mesenteric vein and partial recanalization of the portal vein. 
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observed in our operated cirrhotic population without 
thrombotic obstruction.’ 


Discussion 


Portal thrombosis is generally quoted as a rare cause 
of adult onset bleeding from gastroesophageal varices: 
however, it does not seem fully investigated when asso- 
ciated to liver disease. Sherlock stated that thrombosis in 
the portal vein is a rare complication of cirrhosis and that 
it is usually due to invasion by primary carcinoma.® Gal- 
ambos in his monograph about cirrhosis does not mention 
this disorder.” Few studies published in the English lit- 
erature in the last 20 years about extrahepatic portal ob- 
struction described patients with associated liver cirrho- 
sis.°'°"!? As reported elsewhere, our experience is quite 
different.'* Of 547 patients affected by portal hypertension, 
we faced portal thrombosis and its related problems in 
140. In 85 of them, the thrombotic complication occurred 
in the evolution of an intrahepatic block due to liver cir- 
rhosis, accounting for a 16.6% rate. 





Fic. 4. Venous phase of celiac arteriography: thrombotic obstruction of 
the splenic vein at the confluence with portal vein. 
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Fic. 5. Schematic illustration of different anatomical involvements of 
thrombotic obstruction in the portal system. 


It is widely accepted that the low flow state in the portal 
bed is the main predisposing condition to thrombus for- 
mation. According to our retrospective analysis, other 
correlating factors seem possible. 


1. The etiology of cirrhosis while posthepatitic or alco- 
holic in nature does not seem to have an important 
role, but the involvement of the splenic vein alone was 
frequently associated with alcoholic cirrhosis (9/12) 
and with the intraoperative finding of an enlarged scle- 
rotic pancreas, supporting a possible role for chronic 
pancreas inflammation. 

2. Periportal lymphangitis and fibrosis is a frequent in- 
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TABLE 3. Site and Features of Thrombotic Obstruction in 85 Patients 

Number of 

Patients % 
Splenoportomesentric 19 22.3 ; aT Old age clot 15 
Portoradicular 20 23.5 Totally occluding thrombosis 22 kaian 
Portal 32 37.6 ~~~ Fresh clot 7 
Radicular 14 16.6 

Partially recanalized thrombosis 63 





traoperative finding in cirrhotics that we suggest as im- 
portant in thrombosis development. 

3. The observation of fresh occluding clot and intimal 
fibrotic thickenings makes probable a mechanism of 
evolution characterized by repeated thrombotic re- 
currences over intimal remnants of partially recanal- 
ized thrombosis that may explain our high incidence 
of progressive widespread involvement of the portal 
bed (45.8%) and the frequently recurrent bleeding 
events. 

4. Absence of strict correlation with liver neoplastic 
changes. 


Diagnosis is sometimes a difficult task. Frequently, the 
development of thrombotic complication may worsen a 
pre-existing portal hypertensive state and cause an abrupt 
increase in spleen size associated to important, recurrent 
bleedings and hepatic derangement. A careful angio- 


TABLE 4. Surgical Procedures in 73 Patients 








Previous 
Shunt Thrombectomy 
Procedures or Endovenectomy 
Portocaval L-L 10 3 
T-L 14 10 
Proth. Int. 3 1 
Portorenal 2 
29 
Splenorenal Central 7 
Distal 2 
L-L 4 1 
L-L + Prot. 2 1 
L-T l 
Splenocaval i 
17 
Mesentericocaval 9 
with 9 
Prothesis 
Total 55 16 
Other procedures 
Splenectomy 10 
Portalazjgos disconnection 3 
Crile 1 
Left gastric vein ligature and 2 
splenectomy 


Peritoneovenous shunt 


graphic evaluation is mandatory, but misleading inter- 
pretations are possible when a partially recanalized vein 
is present and the intimal thickenings remain unnoticed 
or when important diversion of portal flow into collateral 
circulation causes the apparent nonfilling of the portal 
vein. Therefore, intraoperative evaluation represents a 
fundamental step in order to know the exact extension 
of the thrombotic obstruction, to detect fresh occluding 
clot or intimal fibrotic remnants suitable of disobliterative 
techniques, and to search carefully the optimal vein for 
shunting. According to our data, surgery should be con- 
sidered the treatment of choice because medical therapy 
and tamponade seem associated to bad prognosis. Also, 
injection sclerotherapy, attempted in three patients with 
extensive involvement of the portal bed, failed to prevent 
death from bleeding. Not surprisingly, this unfavorable 
result compares poorly with our data from endoscopic 
sclerosis adopted in some splenectomized patients with a 
previous failed shunt performed for juvenile portal 
thrombosis (unpublished data). Although the number of 
patients is limited, the satisfying long-term protection rate 
against bleeding recurrences in the latter group seems jus- 
tified by the presence of an increasing pattern of hepa- 


Survival % 
100 


90 | 











1 2 3 4 5 Years 


Fic. 6. Five years’ survival rate of 53 patients who bled from ruptured 
varices. Shunted patients (39 patients); ----- Nonshunted or non- 
operated patients (14 patients). 


Hepatic decortication ` 
Total 18 
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TABLE 5. Five Years’ Clinical Evolution of 53 Bleeding Patients l 
Survival after Survival after 
3 Years 5 Years Death 
Death from from 
Number Number Number Death from Hepatic Other 
Treatment of Patients of Patients % of Patients % Bleeding Failure Causes 
Portosystemic shunt 9 6 66.6 5 55.5 2 22.2 2 22.2 — 
Portosystemic shunt + thromb. or 
endovenectomy 10 6 60.0 5 50.0 3 30.0 1 10.0 I 
Splenorenal shunt 13 8 61.5 6 46.1 5 38.4 l 7.7 1 
Mesentericocaval shunt 7 4 57.1 4 57.1 2 28.5 ~— — 1 
Total 39 24 61.5 20 51.2 12 30.7 4 10,2 3 
Nonshunt procedure or : 
- nonoperated , 14 1 — — 13 92.8 == — 1 





topetal collateral vessels. On the contrary, this really fa- 


vorable possibility is greatly compromised when an in- 
trahepatic block is associated to portal thrombosis. Despite 
technical difficulties, every effort should be made to per- 
form a shunting procedure. In this regard, the satisfying 
figures provided by portocaval shunt performed after Fo- 
garty thrombectomy and endovenectomy, a technique 
rarely reported previously,'* should be noted: five of 10 
have been protected from bleeding by a patent anasto- 
mosis for up to 5 years. The adoption of a mesocaval 
shunt with prosthesis interposition, even though incorrect 
in theory, becomes a justified risk if the rationale is to 
decrease in any way the portal pressure gradient and other 
shunting procedures are technically unpracticable. When 
prosthetic grafts are employed, we use long-term antico- 
agulation therapy. Patients with portal thrombosis asso- 
ciated with liver cirrhosis should be considered for unique 
problems in surgical treatment and a particular subset of 
portal hypertension patients with a poor prognosis. 

In the present series the anatomopathological features 
of the thrombotic obstruction provide a 21.2% rate of 
unshuntable patients at high risk of lethal bleeding re- 


currence within a short period of time, even if a discon- , 


nective procedure has been performed. But if an increase 
of flow velocity in the portal bed may be created by a 
patent anastomosis, prevention of further thrombotic re- 
currences and consequent bleeding events is possible. De- 
spite our 5-year 30.7% rate of recurrent lethal bleeding, 
shunt procedures should be considered the only valuable 


therapeutical method in cirrhotic patients who developed 
a thrombotic obstruction in the portal bed. 
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Colostomy is the traditional treatment for acute obstruction of 
the sigmoid colon. This entails two or three surgical procedures 
in a high-risk group of patients. Presented is a nonsurgical ap- 
proach used in three patients with acute colonic obstruction. De- 
compression of the bowel was achieved with a tube introduced 
proximal to the obstruction with the aid of a flexible sigmoido- 
scope. In a fourth patient, in whom the obstruction was next to 
the splenic flecture, the procedure failed. In all instances where 
decompression was successful, a one-stage procedure—primary 
resection and anastomosis—was performed. 


HE TRADITIONAL TREATMENT for obstructive 
carcinoma of the left colon is by a staged pro- 
cedure, namely, proximal colostomy or resection 

of the tumor with a colostomy. Definitive treatment is 
reserved as a later procedure. This usually entails two or 
three laparotomies. To avoid multiple operations for acute 
left colonic obstructions, we decompress the obstructed 
colon by inserting a tube proximal to the obstruction with 
the aid of a flexible sigmoidoscope. This allows immediate 
decompression and further mechanical preparation of the 
colon for a one-stage procedure. 


Technique 


For the performance of sigmoidoscopic decompression, 
the patient is placed on his left side. Following insertion, 
the sigmoidoscope (short colonoscope, Olympus CF- 
MB3W, Olympus Optical, Tokyo, Japan) is advanced to 
the site of the tumor. The obstructed lumen is identified 
by a black hole or by small gas bubbles escaping from the 
obstructed segment. A well-lubricated flexible guide wire, 
identical to that used for esophageal dilation, is then in- 
troduced through the tumor beyond the point of obstruc- 
tion. The sigmoidoscope is withdrawn and a lubricated 
tube is advanced over the protruding guide wire. The wire 
is then withdrawn. The immediate escape of air and liquid 
feces through the catheter indicates successful de- 
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compression. The correct position of the tube is identified 
by plain abdominal roentgenogram, indicating the ade- 
quacy of the procedure. The tube is secured to the perianal 
skin with sutures. 

Further preparation of the colon for surgery is achieved 
using the rectal tube for daily irrigation with saline and 
paraffin oil. Antibiotics, as well as paraffin oil and MgSO,, 
are administered orally as the regular preparation of the 
colon for surgery. After several days of decompression 
and cleansing of the colon, the patient is ready for defin- 
itive surgery. 


Case 1 


A 73-year-old man was admitted for colicky abdominal pain and ob- 
stipation of 3 days duration. Physical examination showed a distended 
and tympanic abdomen. Plain abdominal roentgenogram revealed a dis- 
tended large bowel. Barium enema demonstrated an obstruction of the 
sigmoid colon (Fig. 1). Colonoscopy was then performed and a nasogastric 
tube was introduced proximally to the obstruction as described previously 
(Fig. 2). A large amount of air and fluid escaped. The patient was prepared 
for surgery for 5 days by paraffin enemas through the rectal tube and 
parenteral feeding. Repetitive abdominal roentgenograms showed a re- 
duction of the colonic distension (Fig. 3). At operation, an obstructive 
carcinoma of the sigmoid colon (Dukes B2) was found. The colon prox- 
imal to the tumor was not distended and was found to be sufficiently 
clean for a primary resection and anastomosis. The postoperative course 
was uneventful. 


Case 2 


A 68-year-old man was admitted suffering from obstipation, abdominal 
pain, and vomiting of several days duration. Physical examination re- 
vealed a malnourished patient, dehydrated with marked abdominal dis- 
tension, Plain abdominal roentgenogram demonstrated a distended large 
bowel. Barium enemas disclosed a sigmoid obstruction. The patient was 
decompressed via a nasogastric tube (Fig, 4), using the same technique 
and prepared for surgery as previously described. At surgery the colon 
was found to be adequately decompressed. Wide intraperitoneal meta- 
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in empiric therapy of 
postoperative infections 


Clinically proven highly effective against the important gram-positive 
and gram-negative pathogens, including Enterobacteriaceae, 
Staphylococcus and Pseudomonas, major sources of 
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E postsurgical wound infection E complicated UTI 





E Ae S A EEE NA, 


FORTA Z aao 


ceftazidime for injection 


Today’s rational choice 
for empiric therapy 


E Clinical success in 93% of patients (68% cured; 
25% improved)* treated for a wide range of infections. 


E As effective as the aminoglycosides alone or in 
combination, without exposing the patient to possible 
aminoglycoside toxicity. 


E Exceptionally well tolerated...safety profile similar to 
first-generation cephalosporins.‘ 


E The outcome of 6 years of intensive research by Glaxo. 


*Cured: Clinical findings subsided in a reasonable period of time with no clinical evidence of infection 
at the time the drug was discontinued or during follow-up. Improved: Clinical findings subsided 
significantly in a reasonable period of time but with incomplete resolution of evidence of infection, 
or relapse during follow-up, possibly related to underlying disease state. 

‘For a listing of all adverse reactions, please see brief summary. 
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FORTAZ cx 


ceftazidime for injection For intravenous or intramuscular use 


Brief summary. Before prescribing, consult complete prescribing information. 


INDICATIONS AND USAGE 

FORTAZ® is indicated for the treatment of patients with infections caused by susceptible strains of the 

designated organisms in the diseases listed below 

1. Lower Respiratory Tract Infections, including pneumonia, caused by Pseudomonas aeruginosa and othe 
Pseudomonas species; Haemophilus influenzae, including ampicillin-resistant strains; Klebsiella species 
Enterobacter speci2s; Proteus mirabilis; Escherichia coli; Serratia species, Citrobacter species 
Streptococcus pneumoniae; and Staphylococcus aureus (methicillin-susceptible strains) 

2. Skin and Skin Structure Infections, caused by P aeruginosa; Klebsiella species; E. coli; Proteus species 
including P mirabilis and indole-positive Proteus; Enterobacter species; Serratia species; S. aureus 

methicillin-susceptible strains); and S. pyogenes (group A beta-hemolytic streptococci) 

3. Urinary Tract Infections, both complicated and uncomplicated, caused by P aeruginosa, Enterobacter 
species; Proteus s2ecies, including P mirabilis and indole-positive Proteus; Klebsiella species; and E. ccli 

4, Bacterial Septicemia, caused by P aeruginosa: Klebsiella species, H. influenzae: E. coli, Serratia species: S 

neumoniae; and S. aureus (methicillin-susceptible strains) 

5, Bone and Joint Infections, caused by P aeruginosa: Klebsiella species; Enterobacter species: and S. aureus 
(methicillin-susceptible strains) 

6. Gynecological Infections, including endometritis, pelvic cellulitis and other infections of the female genital 
tract, caused by E. coli. 

7. Intra-Abdominal Infections, including peritonitis caused by £. coli; Klebsiella species; S. aureus 
(methicillin-susce atible strains); and polymicrobial infections caused by aerobic and anaerobic organisms. 
and Bacteroides species (many strains of B fragilis are resistant) 

8. Central Nervous System Infections, including meningitis caused by H. influenzae and Neisseria 
meningitidis. FORTAZ has also been used successfully in a limited number of cases of meningitis due to P 
aeruginosa and S. »neumoniae. 

Specimens for bacterial cultures should be obtained prior to therapy in order to isolate and identity 
causative organisms and to determine their susceptibility to ceftazidime. Therapy may be instituted before 
results of susceptibility studies are known; however, once these results become available, the antibiotic 
treatment should be adjusted accordingly. 

FORTAZ may be used alone in cases of confirmed or suspected sepsis. FORTAZ has been used successfully 
in clinical trials as empiric therapy in cases where various concomitant therapies with other antibiotics have 
been used 

FORTAZ may also be used concomitantly with other antibiotics, such as aminoglycosides, vancomycin, and 
clindamycin, in severe and life-threatening infections and in the immunocompromised patient When such 
concomitant treatment is appropriate, prescribing information in the labeling for the other antibiotics should 
be followed. The dose depends on the severity of the infection and the patient's condition 


CONTRAINDICATIONS 
FORTAZ® is contraindicated in patients who have shown hypersensitivity to ceftazidime or the cephalosporin 
group of antibiotics 
WARNINGS 
BEFORE THERAPY WITH FORTAZ® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 
WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFTAZIDIME 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
THIS PRODUCT SHOULD BE GIVEN WITH CAUTION TO PATIENTS WITH TYPE 1 HYPERSENSITIVITY 
REACTIONS TO PENICILLIN. IF AN ALLERGIC REACTION TO FORTAZ OCCURS, DISCONTINUE TREATMENT 
WITH THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND CTHER 
EMERGENCY MEASURES 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum 
antibiotics); therefore, it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. 

Treatment with b-oad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate a toxin produced by C. difficile is one primary cause of antibiotic-associated colitis 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not relievec by 
drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for antibiotic-associated 
pseudomembranous colitis produced by C. difficile. Other causes of colitis should also be considered 


PRECAUTIONS 
FORTAZ® has not been shown to be nephrotoxic; however, because high and prolonged serum antibiotic 
concentrations can occur from usual doses in patients with transient or persistent reduction of urinary output 
because of renal insufficiency, the total daily dosage should be reduced when ceftazidime is administerec to 
such patients (see DOSAGE AND ADMINISTRATION). Continued dosage should be determined by degree of 
renal impairment, severity of infection and susceptibility of the causative organisms 

As with other antibiotics, prolonged use of FORTAZ may result in overgrowth of nonsusceptible organisms. 
Repeated evaluation of the patient's condition is essential. If superinfection occurs during therapy, apprc priate 
measures should be taken 

FORTAZ® should be prescribed with caution in individuals with a history of gastrointestinal disease 
particulary Colitis. 

ug Interactions: Nephrotoxicity has been reported following concomitant administration of cephalosporins 
with aminoglycoside antibiotics or potent diuretics, such as furosemide. Renal function should be carefully 
monitored, especially if higher dosages of the aminoglycosides are to be administered or if therapy is 
pongo becaus2 of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics 

lephrotoxicity anc ototoxicity were not noted when FORTAZ® (ceftazidime for injection, Glaxo) was give? 
alone in clinical trials. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been perormed 
to evaluate carcinogenic potential. However, a mouse Micronucleus test and an Ames test were both negative 
for mutagenic effects. 
Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed in mice and rats at 
doses up to 40 times the human dose and have revealed no evidence of impaired fertility or harm to the “etus 
due to FORTAZ. Thare are, however, no adequate and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed 
Nursing Mothers: Ceftazidime is excreted in human milk in low concentrations. Caution should be exercised 
when FORTAZ is administered to a nursing woman 
ADVERSE REACTIONS 
FORTAZ® is generelly well tolerated. The incidence of adverse reactions associated with the administration of 
FORTAZ was low in Clinical trials. The most common were local reactions following intravenous injection, and 
allergic and gastraintestinal reactions. Other adverse reactions were encountered infrequently. No 
disulfiram-like reactions were reported. The following adverse effects from clinical trials were considered to 
be either related tc ceftazidime therapy or were of uncertain etiology 
Local Effects, repcrted in less than 2% of patients, were phlebitis and inflammation at the site of injection 
[l in 69 patients) 

lypersensitivity Reactions, reported in 2% of patients, were pruritus, rash, and fever. Immediate 
hypersensitivity reactions occurred in 1 in 285 patients. 
Gastrointestinal Symptoms, reported in less than 2% of patients, were diarrhea (1 in 78), nausea (1 in 156) 
vomiting (1 in 500), and abdominal pain (1 in 416) 
Less Frequent Adverse Events (less than 1%) were candidiasis and vaginitis; central nervous system events 
which included headache, dizziness, and paresthesia 
Laboratory Test Changes noted during FORTAZ clinical trials were transient and included: eosinophilia (1 in 
13), positive Coombs’ test without hemolysis (1 in 23) thrombocytosis (1 in 45), and slight elevations ir one 
or more of the hepatic enzymes, SGOT (1 in 16), SGPT (1 in 15), LDH (1 in 18), GGT (1 in 19), and alkaline 
phosphatase (1 in 23). As with some other cephalosporins, transient elevations of blood urea, blood urea 
nitrogen and/or serum creatinine were observed occasionally. Transient leukopenia, neutropenia 
thrombocytopenia and lymphocytosis were seen very rarely. 
DOSAGE AND ADMINISTRATION 
Impaired Renal Function: Ceftazidime is excreted by the kidneys, almost exclusively by glomerular filtration 
Therefore, in patients with impaired renal function (GFR < 50 ml/min), it is recommended that the dosage of 
ceftazidime be reduced to compensate for its slower excretion. See complete Prescribing Information for 
dosage in patients with renal impairment. 
HOW SUPPLIED 
FORTAZ® in the d-y state should be stored at controlled room temperature, 15° to 30°C (59° to 86°F), and 
protected from light. FORTAZ is a dry, white to off-white powder supplied in vials and infusion packs as follows 
NDC 0173-0377-31 *500 mg Vials (Tray of 25) 
NDC 0173-0378-35 *1 g Vials (Tray of 45) 
NOC 0173-0379-34 *2 g Vials (Tray of 10 
NOC 0173-0380-32 *1 g Infusion ack (ray of 10) 
NDC 0173-0381-32 *2 g Infusion Pack (Tray of 10) 
NDC 0173-0382-37 *6 g Pharmacy Bulk Package (Tray of 6) “equivalent to anhydrous ceftazidime 
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“I'D LIKE TO MAKE 

AN APPOINTMENT 
WITH THE 

DOCTOR” 





Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 


AMERICAN 
s? CANCER 
4 SOCIETY ° 


*“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec.). 
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oxycodone HCI* 5.0 mg, acetaminophen 500 mg 
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*Warning: May be habit forming 








Brief Summary of Prescribing Information 
DESCRIPTION: Each capsule contains 

Oxycodone Hydrochloride 5mg 

Warning— May be habit forming 

Acetaminophen 500 mg 
CONTRAINDICATIONS: TYLOX capsules should not be 
administered to patients who have previously exhibited hyper- 
sensitivity to oxycodone or acetaminophen 
WARNINGS: Drug dependence: Oxycodone can produce 
drug dependence of the morphine type and, therefore, has the 
potential for being abused. Psychic dependence, physical de 
pendence, and tolerance may develop upon repeated adminis- 
tration of TYLOX capsules, and they should be prescribed and 
administered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. Like 
other narcotic-containing medications, TYLOX capsules are 
subject to the Federal Controlled Substances Act (Schedule Il) 
PRECAUTIONS: General: Head Injury and Increased Intra- 
cranial Pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid pressure 
may be markedly exaggerated in the presence of head injury, 
ather intracranial lesions, or a pre-existing increase in intra 
cranial pressure. Furthermore, narcotics produce adverse reac- 
tions which may obscure the clinical course of patients with 
head injuries. Acute Abdominal Conditions: The administration 
of TYLOX capsules or other narcotics may obscure the diagno 
sis or Clinical course in patients with acute abdominal condi- 
tions. Special Risk Patients: TYLOX capsules should be given 
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with caution tc certain patients such as the elderly or de 
bilitated, and those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and prostatic 
hypertrophy or urethral stricture. 

Information for Patients: Oxycodone may impair the men 
tal and/or physical abilities required for the performance of 
potentially hazardous tasks such as driving a car or operating 
machinery. The patient using TYLOX capsules should be 
cautioned accordingly 

Drug Interactions: Patients receiving other narcotic 
analgesics, antipsychotics, anti-anxiety agents, or other CNS 
depressants, including alcohol, concomitantly with TYLOX 
capsules, may exhibit additive CNS depression due to the 
oxycodone component. When such combined therapy is con 
templated, the dose of one or both agents should be reduced 
The use of MAO inhibitors or tricyclic antidepressants with 
oxycodone preparations may increase the effect of either 
the antidepressant or oxycodone. The concurrent use of anti 
cholinergics with oxycodone may produce paralytic ileus 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 
No long-term studies in animals have been performed with 
oxycodone to determine carcinogenic and mutagenic poten 
tial, or effects on fertility. Acetaminophen has been found to 
have no mutagenic potential using the Ames Salmonella 
Microsomal Activation test, the Basc test on Drosophila germ 
Cells, and the Micronucleus test on mouse bone marrow. In 
animals, acetaminophen has not been evaluated for carcino 
genic potential or for effects on fertility 


Pregnancy Category C. Animal reproductive studies have not 
been conducted with TYLOX. It is also not known whether 
TYLOX can cause fetal harm when administered to a pregnant 
woman or can affect reproductive capacity. TYLOX should be 
given to a pregnant woman only if clearly needed 

Nursing Mothers: It is not known whether the components 
of this drug are excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when 
TYLOX is administered to a nursing woman 

Pediatric Use: TYLOX capsules should not be administered 
to children 
ADVERSE REACTIONS: The most frequently observed ad- 
verse reactions include lightheadedness, dizziness, sedation, 
nausea, and vomiting. These effects seem to be more promi 
nent in ambulatory patients than in non-ambulatory patients 
and some of these adverse reactions may be alleviated if the 
patient lies down. Other adverse reactions include euphoria, 
dysphoria, constipation, skin rash, and pruritus. At higher 
Goses oxycodone has most of the disadvantages of morphine 
ncluding respiratory depression 

For information on symptoms and treatment of overdosage, 
see full prescribing information 

Full directions for use should be read before administering or 
prescribing 3/20/85 
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Radionuclide Visualization of Acute Occlusive and 
Nonocclusive Intestinal Ischemia 





CONSTANTINE T. FRANTZIDES, M.D. 
ROBERT E. CONDON, M.D., M.S., F.A.C.S. 


A noninvasive radionuclide technique to visualize ischemic small 
intestine was evaluated. Vascular ligation of 20-30 cm ileum 
was done in rabbits. After induction of ischemia, technetium 
(Tc) methylene diphosphonate (TMDP) was injected IV at 
intervals up to 24 hours. Images were recorded 1 and 3 hours 
after injection of radioisotope and showed preferential (9:1) up- 
take by ischemic bowel. Positive scans were present in all animals 
up to 4 hours and in 75% at 10-12 hours, but in none 24 hours 
after induction of ischemia. Nonocclusive intestinal ischemia was 
simulated in 4 dogs by infusing norepinephrine into a jejunal 
mesenteric arterial branch. After 1 hour, an IV bolus of TMDP 
was injected and images recorded at intervals up to 3 hours. 
Selective uptake of isotope by the ischemic segment was observed 
in all animals, Angiography confirmed that isotope uptake was 
confined to the infused segment. These studies show that occlu- 
sive intestinal ischemia can be detected, by radionuclide imaging 
up to 12 hours, and nonocclusive (low flow) ischemia for at least 
4 hours, after onset. 


CUTE INTESTINAL ISCHEMIA requires urgent di- 
agnosis and treatment to prevent ultimate intes- 
tinal infarction and necrosis. Clinical evaluation 

in the early stages of intestinal ischemia may be mislead- 
ing. Even when the diagnosis is entertained early, con- 
ventional diagnostic confirmation using invasive imaging 
techniques, such as angiography, may be deferred. Ra- 
dionuclide techniques permitting diagnosis and localiza- 
tion of acutely ischemic or infarcted myocardium have 
been developed recently.*”*!%!? This study adapts similar 
noninvasive scintigraphic techniques to the problem of 
diagnosis of acute intestinal ischemia. 


We evaluated a noninvasive radionuclide technique for | 


the visualization of acute occlusive and nonocclusive in- 
testinal ischemia. Our objectives were: (1) to determine 
whether various types of mesenteric ischemic lesions could 
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be detected after administraiton of technitium methylene 
diphosphonate (TMDP), (2) to determine the degree and 
duration of ischemic injury needed to create the minimal 
lesion detectable by this method, and (3) to evaluate the 
ability of TMDP to visualize nonocclusive intestinal isch- 
emia. 


Methods 


Experiments were conducted in 65 albino New Zealand 
rabbits weighing 3 to 5 kg. The experiments conformed 
with all institutional guidelines and met AALAC stan- 
dards. A midline laparotomy was performed under general 
anesthesia induced with thiopental sodium, 20 mg/kg IV. 
Five sham-operated animals served as nonischemic con- 
trols: In three groups of 20 rabbits each, ischemia was 
induced in a 20-30 cm segment of terminal ileum by 
isolated mesenteric venous occlusion, isolated mesenteric 
arterial occlusion, or by intestinal strangulation (Fig. 1). 
The arterial or venous occlusions were accomplished by 
ligating a main branch of the superior mesenteric artery 
or vein together with ligation of all anastomotic arterial 
or venous branches on the border of the intestinal segment 
under study. Intestinal strangulation was induced by mass 
ligature of a 20 cm loop of intestine including its mes- 
entery. Occlusion of the mesenteric vessels included in 
the strangulated loop was only partial. 

Subsets of five animals in each group received an in- 
travenous bolus of 2 mCi *™Tc methylene diphosphonate 
(TMDP) via a peripheral vein 10 minutes, 1 hour, 9 hours, 
and 21 hours following induction of ischemia. Abdominal 
images were taken with a gamma camera (OPT-Camera, 
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Fig. 1. Diagrammatic representation of the three types of occlusive in- 
testinal ischemia studied. 


Companie General de Radiologie, Paris, France) with a 


high resolution parallel hole collimeter in the anterior and , 


left lateral projections at 1 and 3 hours after the admin- 
istration of the radionuclide bolus. After completion of 
the experiment, animals were sacrificed by IV injection 
of thiopental sodium (40 mg/kg) and segments from isch- 
emic and adjacent nonischemic intestine were examined 
by light microscopy. Ischemic and nonischemic compar- 
ison segments of bowel were also studied by in vitro scin- 
tigraphic imaging. Tissue samples from ischemic and 
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normal bowel were assayed for radioactivity (cpm/gram 
wet tissue weight) using a gamma scintillation counter. 

Nonocclusive intestinal ischemia was induced in four 
conditioned dogs weighing 25-35 kg. A midline laparot- 
omy was performed under general anesthesia induced with 
pentobarbital, 25 mg/kg. A jejunal branch of the superior 
mesenteric artery, 50 cm distal to the ligament of Trietz, 
was isolated from adjacent tissues, clamped proximally 
and distally with microclamps, and incised transversely. 
A t-shaped silastic tube was inserted into the artery and 
sutured to the vessel and the adjacent mesentery (Fig. 2). 
The microclamps were then released and circulation re- 
established. 

‘The length of intestine perfused primarily by the can- 
nulated artery varied from 15-20 cm and was confirmed 
by angiography. The long limb of the catheter was tun- 
neled subcutaneously to the subscapular region and pro- 
tected by a jacket. The abdomen was closed and the an- 
imals permitted to recover for 7 days. The catheter was 
kept patent by flushing with heparinized saline (1000 
units/ml) three times daily. 

After the week of recovery, general anesthesia was again 
induced and 4 mCi TMDP injected intravenously. Ab- 
dominal scintigrams were obtained by a gamma camera 
(Picker Dyna-Camera) 30, 60, 90, and 180 minutes after 
radionuclide injection. These images were used as con- 
trols. Two days later, nonocclusive intestinal ischemia was 
simulated by infusion of norepinephrine, 4 g/min, via 
the catheter for 4 hours. One hour after beginning the 
norepinephrine infusion, 4 mCi TMDP was injected in- 
travenously and external abdominal scans were again ob- 
tained after 30, 60, 90, and 180 minutes. 


Results 


Regardless of the type of occlusive intestinal injury (ar- 
terial, venous, strangulation), ischemic intestinal segments 
were visualized in all animals by external scans taken 1- 


VEIN 
ARTERY 


LEVARTERENOL 
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Fia. 2. Nonocclusive intestinal ischemia induced by local intra-arterial 
infusion of norepinephrine via a t-shaped catheter into an unobstructed 


mesenteric artery. 
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Fics. 3A and B. Jn vivo scintigraphic image obtained 4 hours following arterial occlusion. The anterior (A) and lateral (8) views of the abdomen 
show increased radionuclide uptake (arrows), representing ischemic small bowel. located just caudad to the right kidney. 


4 hours after induction of ischemia (Fig. 3; Table 1). Pos- 
itive scans were present in three-fourths of animals 10- 
12 hours after induction of ischemia, No positive scans 
were observed in surviving animals subjected to 21-24 
hours of ischemia. Sham-operated controls in which isch- 
emia was not induced showed no uptake of TMDP by 
intestine, although uptake was noted in the skeletal and 
urinary systems. 

Tissue samples assayed for radioactivity confirmed in- 
creased radionuclide uptake in ischemic intestine. The 
mean ischemic:normal tissue uptake ratio was 9:1 (Fig. 
4). Histologic examination of the test segments in animals 
having induced occlusive ischemia showed evidence of 
intestinal ischemia or infarction in 59/60 preparations. 
One animal failed to demonstrate histologic evidence of 
ischemia and also had a negative TMDP scan. 

All animals subjected to simulated nonocclusive mes- 
enteric ischemia visualized the ischemic loop of intestine 
on TMDP scanning. All scintigrams obtained of these 


nonocclusive ischemic segments demonstrated an area of 
increased radionuclide uptake corresponding to the area 
of the ischemic-perfused bowel (Fig. 5). All control ab- 
dominal scintigrams were normal, /.¢., radionuclide up- 
take only occurred in the skeletal and urinary systems 
and there was no uptake in the bowel (Fig. 6). 


Discussion 


In animals subjected to occlusive intestinal ischemia, 
positive TMDP scans were obtained up to 12 hours after 
onset of ischemia. The concentration of radionuclide was 
considerably higher in these ischemic loops compared to 
normal bowel in the same animal. Of particular impor- 
tance is the observation that radionuclide imaging of an 
ischemic bowel loop can be achieved as early as | hour 
following onset. The mechanism by which TMDP accu- 
mulates selectively in ischemic intestinal lesions is not 
clear. The hypothesis of Zimmer and colleagues’* that 
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TABLE |, Summary of Results Obtained in Several Models of Intestinal Ischemia 

















Number of Time of Number of 
Animals "Tb oMDP Animals Positive Histologic 
Group Operated on Injection Time of Scan Surviving Scan Changes 
Group I (Control) 5 10 minutes 1-3 hours $ 0/5 0/5 
Group I] (Venous Occlusion) 5 
Subgroup A 5 10 minutes 1-3 hours 5 5/5 $/5 
Subgroup B 5 | hour 2-4 hours 5 5/5 5/5 
Subgroup C 5 9 hours {0-12 hours 5 3/5 5/5 
Subgroup D 5 2. hours 22-24 hours 3 0/3 5/5 
Group HI (Arterial Occlusion) 
Subgroup A 5 10 minutes 1-3 hours 5 5/5 5/5 
Subgroup B 5 } hour 2-4 hours 5 3/5 5/5 
Subgroup C 5 9 hours 10-12 hours 5 4/5 4*/5 
Subgroup D 5 21 hours 22-24 hours 2 0/2 5/5 
Group IV (Intestinal Strangulation) 
Subgroup A § 1G minutes 1-3 hours 5 5/5 5/5 
Subgroup B 5 f hour 2~4 hours 5 5/5 5/5 
Subgroup C 5 © hours 10-12 hours 4 3/4 5/5 
Subgroup D 5 21 hours 22-24 hours l 0/1 5/5 








* In Subgroup C of Group HI, one animal exhibited regative abdominal scintigraphy and no histologic evidence of ischemic injury. 


enzymes released by ischemic tissues may act as receptors 
to bind TMDP may explain our observations. But the 
pathway by which the radionuclide reached the devas- 
cularized segment of intestine remains an enigma. Resid- 
ual intramural circulation has been postulated as a pos- 
sible route.’ 





Moossa and coworkers’ used radio-labelled albumin 
microspheres to assess bowel viability after mesenteric 
vascular occlusion in dogs and monkeys. Their technique 
required infusion of the labelled microspheres into the 
abdominal aorta near the origin of the superior mesenteric 
artery. Furthermore, ischemic intestine was visualized 


Fic. 4. Scintigraphic image of 
excised ischemic small bowel 
(left) and normal small bowel 
(right) showing preferential 
uptake of radionuclide by 
ischemic bowel. The isch- 
emic:normal ratio of activity/ 
g of tissue was 9:1, 
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only when the bowel was externalized. Zarins and asso- 
ciates'? used a similar technique to assess reactive hyper- 
emia in revascularized small intestine. Labelled micro- 
spheres were injected into the proximal aorta 4 to 10 hours 
after the induction of intestinal ischemia. Scans wre then 
obtained from externalized bowel. Increased radioactivity 
was considered a good prognostic sign, indicating viability 
of the ischemic intestine. Schimmel et al.? reported that 
intestinal infarction produced in dogs by microsphere 
embolization could be detected by intra-arterial admin- 
istration of °°™Tc-pyrophosphate. The radionuclide was 
injected into the superior mesenteric artery and positive 
images were obtained 24 hours after induction of isch- 
emia. The delay between induction of ischemia and im- 
aging of ischemic bowel by all of these techniques is in- 
compatible with an early diagnosis of acute intestinal 
ischemia. Furthermore, these techniques are as invasive 
as arteriography. 

Kressel et al.? used technetium pyrophosphate to detect 
intestinal infarction in intussuscepted bowel. The radio- 


Fic. 5. Scintigraph demonstrating intestinal uptake of radionuclide by 
a bowel segment subjected to nonocclusive ischemia. This image was 
obtained 2 hours after the onset of ischemia. 
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Fic. 6. Control image taken | hour after injection of TMDP. Radionuclide 
uptake is present in the bones and kidneys, but is not observed in the 
bowel (compare Fig. 5). 


nuclide was injected intravenously 24 and 48 hours after 
creation of an intussusception; animals that had developed 
infarction demonstrated uptake on scintiscans. Bardfeld 
et al.' used autologous leukocytes labelled with technetium 
sulfur colloid to detect intestinal ischemia in dogs. The 
method was based on the observation that ischemic bowel 
is infiltrated sy polymorphonuclear leukocytes. The la- 
belled leukocytes were injected intravenously and suc- 
cessfully identified ischemic intestine in 13 of 15 animals. 
This method, however, requires preparation of labelled 
autologous leukocytes and is unable to differentiate in- 
flammatory from ischemic intestinal lesions. 
Nonocclusive intestinal ischemia is now recognized as 
one of the most common vascular ischemic disorders of 
the bowel.® Arteriography has been the main diagnostic 
tool in this condition but is subject to significant error,"! 
and a major dilemma about whether to operate on a pa- 
tient with cardiac failure and signs of intestinal ischemia 
frequently arises. We obtained better resolution between 
ischemic and nonischemic intestinal segments compared 
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to previous studies because of the apparent greater affinity 
for ischemic tissues of TMDP compared with other ra- 
diopharmaceuticals.*!° 

The present study has shown that intestinal ischemia 
resulting from venous or arterial occlusion, as well as from 
intestinal strangulation, can be detected in intact animals 
by external imaging for up to 12 hours after onset, and 
that nonocclusive intestinal ischemia can be visualized 
for at least 4 hours after onset. Because of its simplicity 
and noninvasive nature, radionuclide imaging may have 
a diagnostic role in the early clinical diagnosis of acute 
intestinal ischemia. 
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PRIMAXIN inhibits virtually all clinical isolates, including aerobic 


and anaerobic gram-positive and gram-negative bacteria. 


ACTIVE 


Achromobacter spp. Fusobacterium spp. Salmonella spp. 
Acinetobacter spp. Gardnerella vaginalis Serratia spp., including 
Actinomyces spp. Haemophilus influenzae S. lancon 
Aeromonas iropiilá Haemophilus S. marcescens 
Alcaligenes spp. parainfluenzae Shigella spp. oO 
Bacteroides spp., Hafnia spp., including Staphylococcus aureus O 
including H. alvei (PCNase +) 
B.asaccharolyticus Klebsiella spp., including Staphylococcus epider- 
B.bivius K. oxytoca midis (PCNase + ) 
B.disiens K. pneumoniae Streptococcus spp., 
B. distasonis Listeria monocytogenes including 
B. pan Moraxella spp. Group A streptococci 
B. melaninogenicus Morganella morganii (S. pyogenes) 
B. ovatus Neisseria gonorrhoeae Group B streptococci 
B. thetaiotaomicron (PCNase +) (S. agalactiae) 
B. vulgatus Nocardia spp. Group C streptococci BE 
Bordetella Pasteurella multocida Group G streptococci ? 
bronchiseptica Peptococcus spp. Group D streptococci, 
Campylobacter spp. Peptostreptococcus SPP. including enterococci 
Citrobacter spp. Plesiomonas shigelloides (S. faecalis) 
Clostridium spp., Propionibacterium spp., Streptococcus 
including including P acnes pneumoniae 
C. perfringens Proteus mirabilis Viridans streptococci 
Enterobacter spp. Proteus vulgaris Veillonella spp. 
Escherichia coli Providencia rettgeri Yersinia spp., including 


Eubacterium spp. Providencia stuartii Y enterocolitica 
Pseudomonas Y pseudotuberculosis 
aeruginosa 


*In vitro susceptibility does not necessarily imply in vivo effectiveness. 


**Percent based on data reported from broth and agar dilution following NCCLS 
criteria for susceptibility: MICs =4ug/mL (fully susceptible) and MICs >4 to 8ug/ 
mL (moderately susceptible). Reference: Jones, R.N.: Review of the in vitro spectrum 
of activity of imipenem, Am. J. Med. 78(suppl. 6A):22-32, Table VI, Reference 22, 
June 7 1985. 


PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some 
strains of Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, 
Streptococcus faecium, some strains of anaerobic corynebacteria, and some strains 
of Flavobacterium. 


As with other beta-lactam antibiotics, some strains of Pseudomonas aeruginosa may 
develop resistance fairly rapidly on treatment with PRIMAXIN. When clinically 
appropriate during therapy of Pseudomonas aeruginosa infections, periodic suscepti- 
bility testing should be done. 


Please see Brief Summary of Prescribing Information. 
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PRIMAXIN is useful in seriously ill hospitalized patients with 

infections of unknown etiology, mixed infections, and nosoco- HIGH i Y 

mial infections. In clinical trials with more than 2,300 patients, 

PRIMAXIN has been shown to be highly effective in the follow- 

ing range of infections: 

LOWER RESPIRATORY TRACT INFECTIONS involving 9 spe- 

cies of bacteria including: Staphylococcus aureus (penicillinase-pro- 

ducing strains), Pseudomonas aeruginosa,* Serratia marcescens 

URINARY TRACT INFECTIONS (complicated and uncompli- RANGE OF 


cated) involving 9 species of bacteria including: enterococci, 


Proteus vulgaris, Pseudomonas aeruginosa INFECTIONS 
INTRAABDOMINAL INFECTIONS involving 18 species of 


bacteria including: Staphylococcus epidermidis, enterococci, 
Pseudomonas aeruginosa, Bacteroides fragilis 


GYNECOLOGIC INFECTIONS involving 14 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), Bacteroides fragilis, Gardnerella vaginalis 


BACTERIAL SEPTICEMIA involving 8 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


BONE AND JOINT INFECTIONS involving 5 species of bac- 
teria including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


SKIN AND SKIN-STRUCTURE INFECTIONS involving 17 
species of bacteria including: Staphylococcus aureus (penicillin- 
ase-producing strains), enterococci, Pseudomonas aeruginosa 





ENDOCARDITIS involving Staphylococcus aureus (penicillin- 
ase-producing strains) 


*Although clinical improvement has been observed in patients with cystic 
fibrosis, chronic pulmonary disease, and lower respiratory tract infections 
caused by Pseudomonas aeruginosa, bacterial eradication may not necessari- 
ly be achieved. 


PRIMAXIN is contraindicated in patients who have shown hypersensitivity 
to any component of this product. Before initiating therapy with PRIMAXIN, 
careful inquiry should be made concerning previous hypersensitivity reac- 
tions to penicillins, cephalosporins, other beta-lactams, and other allergens. 
Ifan allergic reaction to PRIMAXIN occurs, discontinue the drug. Serious hyper- 
sensitivity reactions may require epinephrine and other emergency measures. 


Please see Brief Summary of Prescribing Information. 
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In clinical trials involving 1,723 patients, many with serious 
underlying diseases, PRIMAXIN demonstrated a low inci- GENERALLY 
dence of adverse experiences. 
Incidence of Adverse Experiences (=0.3%) in 1,723 Patients WE i i 
Reported as Possibly, 

= sas" TOLERATED- 
Experience Definitely Related 
Phlebitis/Thrombophlebitis/ S AFE j Y 

Injection-Site Pain 3.8% 
s PROFILE 
Diarrhea 1.8% 
==» SIMILAR TO 
Rash and Urticaria 1.1% 
Fever 0.5% { FFAZO!I IN 








Hypotension 0.4% 
Seizure 0.4% 
Pruritus 0.3% 
Dizziness 0.3% 


Adult Dosage Recommendations: 250, 500, or 1000 mg q6-8h 


CNS adverse experiences such as myoclonic activity, confusional states, 
or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., 
brain lesions or history of seizures) who also have compromised renal 
function. However, there were rare reports in which there was no 
recognized or documented underlying CNS disorder. Close adherence 
to recommended dosage schedules is urged, especially in patients with 
known factors that predispose to seizures. 


Pseudomembranous colitis has been reported with virtually all antibiot- 
ics, including PRIMAXIN; therefore, it is important to consider its diag- 
nosis in patients who develop diarrhea in association with antibiotic use. 


Please see Brief Summary of Prescribing Information. 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 

Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY anammar 
tic) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN; therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 

Precautions: Genera/-CNS adverse experiences such as myoclonic activity, con- 
fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken 
While PRIMAXIN possesses the characteristic low toxicity of the deta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertility-Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was adminisiered to rats late in gestation. 
oer Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 
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Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity. 

Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers—\t is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 

Pediatric Use—Satety and effectiveness in infants and children below 12 years of 
age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Local Adverse Reactions—Local adverse clinical reactions that were reported as 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (0.4%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions—The most frequently reported systemic adverse clini- 
cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (18%), vomiting (1.5%), rash (0.9%), fever 
(05%), hypotension (0.4%), seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal- pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
Salivation, CNS—encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache; Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; 
Skin—erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, 
asthenia/weakness. 


Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic—increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic—increased eosino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils; Electrolytes—decreased serum sodium, increased potassium, 
increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
the maximum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever 
is lower. 

How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. MSD 
For more detailed information, consult your MSD Representative K 
or see Prescribing Information. Merck Sharp & Dohme, Division SINA 
of Merck & Co., Inc., West Point, PA 19486 J4PR03(400) OHM 
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Nineteen cases of villous tumors of the duodenum are reported. 
They have a predilection for the ampullary region, tend to present 
with obstructive jaundice, especially if malignancy is present, 
and have a high prevalence of cancer (12 of 19, or 63%). Even 


when biopsies are available, the diagnosis of cancer is frequently - 


missed (5 of 9 proven cancers, 56% false-negative rate), and it 
may be impossible to assess the presence of carcinoma in situ 
or invasive carcinoma without complete excision of the lesion. 


The authors’ experience suggests that some small benign am- | 


pullary villous adenomas or those with carcinoma in situ can be 


excised locally but that pancreaticoduodenectomy is preferable - 


in the fit patient for better local control both of extensive benign 
lesions and cancers without distant metastases. 


ILLOUS TUMORS of the duodenum are relatively 
uncommon, about 70 cases having been previ- 
ously reported.! The pathological categorization 

of villous tumors includes the designations villous ade- 
noma, villoglandular polyp, adenomatous polyp, papillary 
adenoma, adenomyoma, and fibroepithelial polyp. These 
terms describe the different histologic elements in the tu- 


mor, but the clinical presentation and treatment of all of | 
the variants are similar. They cause symptoms due to their ` 


location, usually near the ampulla of Vater (Fig. 1), pre- 
senting with biliary obstruction,” pancreatitis,>* bleed- 
-ing,** duodenal obstruction, vague abdominal complaints, 
intussusception,’ or anemia because of chronic bleeding. 
These tumors are of additional importance because they, 
like villous adenomas of the stomach or colon, are pre-. 
malignant and have a high prevalence of malignancy at 
the time of discovery.’ Judgments concerning appropriate 
treatment have varied, in part because previous reports 
have been based on few cases. 
We present an experience with 19 patients who had 


duodenal villous adenomas, the largest single series yet ` 


. reported, along with our recommendations for their man- 
agement. 


_ Reprint requests: Andrew L. Warshaw, M.D., Massachusetts General 
Hospital, 15 Parkman St, Suite 336, Boston, MA 02114. 
Submitted for publication: October 19, 1985. 


: From the Surgical and Medical Services, Massachusetts 
General Hospital, and Departments of Surgery and Medicine, 
Harvard Medical School, Boston, Massachusetts 


` 


3 ~ Methods 


Records of all patients with the diagnoses of duodenal 
villous adenoma, duodenal tumor, and duodenal neo- 
plasm seen at the Massachusetts General Hospital since 
1972 were retrieved. Also, the office records of patients 
with these diagnoses were obtained from their physicians. 
We included only the 19 patients whose tumors were pre- 
dominantly of the villous type and excluded duodenal 
leiomyomas, Brunner gland adenomas, and duodenal or 
ampullary cancers not clearly arising from a pre-existing 
villous tumor. Information on age, clinical presentation, 
diagnostic evaluation, surgical procedure, seats and 
follow-up were recorded. 


Results 


There were 13 females and six males with an average 
age of 62 years (range: 42-82) (Table 1). The tumors were 
located at the ampulla of Vater in 16 of 19 cases, and one 
case each in the second, third, and fourth portions of the 
duodenum. The presenting symptoms included jaundice 
in 12, bleeding in four (1 acute and 3 chronic), cramps 
and vomiting in one, vague complaints (nausea, anorexia, 
weight loss) in seven; acute bacterial cholangitis in two, 
and pancreatitis in three. The patients with malignant 
lesions presented with jaundice in 10 of 12 cases (all 9 
with invasive cancer and 1 of 3 with carcinoma in situ), 
whereas only two of seven patients with benign tumors 
were jaundiced. The length of follow-up ranges from 2 
months to 14 years with an average of 4 years. 

The diagnosis of a duodenal tumor was not always 
made before operation. The upper gastrointestinal con- 
trast study (UGD was suggestive in six of 12 patients (Fig. 
2), and a hypotonic duodenogram showed the lesion in 
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FIG. 1. Villous adenoma of ampulla, seen through the opened duodenum. 


three cases when the UGI was read as normal.* Ultrason- 
ography, performed in 10 patients who had jaundice or 
elevated serum amylase, showed dilated bile ducts in all 
10 but showed a peripancreatic mass in only one. Chol- 
angiography by either transhepatic needle or retrograde 
catheter demonstrated the ampullary obstruction in all 
12 jaundiced patients, but transhepatic cholangiography 
in three of the jaundiced patients defined a duodenal mass 
as the cause of the obstruction in only one of them. 


RYAN, SCHAPIRO, AND WARSHAW 


Ann. Surg. + March 1986 


Endoscopic examination found the tumor in nine of 
10 patients in whom it was used. Endoscopic biopsies 
were done in nine patients with cancer and missed the 
areas of malignant change in five of them (56%).? The 
biopsy from a sixth patient showed only carcinoma in situ 
(CIS), but examination of the full specimen after pan- 
creaticoduodenectomy showed invasive cancer in the 
submucosa and lymphatics. One of the patients with bi- 
opsy-proven cancer had had an endoscopic examination 
of a villous tumor of the papilla (without surgery) 5 years 
before. 

Of the seven benign tumors in the series, one had a 
biopsy with a biliary and gastric bypass because of the 
extent of the mass and the advanced age of the patient. 
One patient had a pancreaticoduodenectomy (Whipple 
procedure), two had local duodenal resections, and three 
had submucosal excision of the tumor (Fig. 3). The patient 
treated with the Whipple procedure had troublesome 
problems with diabetes after operation and died at home 
17 months after the surgery. 

One benign tumor recurred locally after complete sur- 
gical excision. The patient, presenting with relapsing pan- 
creatitis, was found to have a villous adenoma on the 
anterior wall of the second portion of the duodenum. The 
mass was resected along the submucosa and a sphincter- 
oplasty was performed. Although she remained asymp- 
tomatic, routine follow-up endoscopy and biopsy showed 
recurrence at 3.5 years. After pancreaticoduodenal resec- 
tion, histological examination of the specimen showed 


TABLE 1. Patient Histories 














Surgery Pathology Follow-up 





Biopsy only; biliary 


Papillary adenoma Doing well @ 18 months 


and gastric bypass 


Patient Age Sex Symptoms Diagnostic tests 
1 79 F Episodic abdominal US—dilated ducts 
pain for 18 CT—dilated biliary and 
months, elevated pancreatic ducts 
LFTs UGI—normal 
2 53 F Recurrent UGI— filling defect in 
pancreatitis second part duodenum 
ENDO—mass @ ampulla 
Recurrence None ENDO—mass @ ampulla 
3 62 F Abdominal pain, ENDO—normal 
nausea, 
distension; 
morphine- 
Prostigmin(+) 
4 68 M Chest & abdominal UGI—normal 
pain, elevated HD—defect @ ampulla 
amylase US—dilated bile ducts 
ENDO—mass @ ampulla 
5 6l Ẹ Malaise, abdominal UGI—mass in third part 
fullness HD—polypoid defect in 
proximal third part of 
duodenum 
6 70 F Recurrent UGI UGI—tumor in second 
bleeding and third parts of 
duodenum 
7 65 F Jaundice, iron UGI—normal 
deficiency HD—mass in duodenum 
anemia 


Submucosal excision 
and sphincteroplasty 


Whipple resection 


Submucosal excision 


Whipple resection 


Resection of 
duodenum with 


duodenojejunostomy 


Local excision 


Submucosal excision 


Villoglandular 
polyp 


Tubulovillous 
adenoma 
Villoglandular 

Polyp 


Papillary adenoma 
of ampulla of 
Vater 


Villous adenoma 


Villoglandular 
polyp 


Villoglandular 
polyp 


Alive @ 4 years, recurrent 
at 3.5 years 


Alive @ 8 months 


Alive @ 7 years, no 
recurrence 


Died @ 17 months, many 
complications of 
Whipple, no autopsy 


Alive @ 7 years, no 
recurrence 


Alive @ 4.5 years, no 
recurrence 


Died @ 4 years of 
respiratory failure, no 
recurrence @ autopsy 
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Patient Age Sex | 


8 76 M 
3 

9 70 F 

10 56 F 

1 73 M 

L 2 6 F 
3 41 M 

4 59 F 

15 63 F 

16 42 M 

17 53 M 

18 43 F 

9 71 F 


CBD = common bile duct; CIS = carcinoma in situ; CT = comput- 
erized tomography scan of abdomen; ENDO = flexible gastroduoden- 
oscopy; ERCP = endoscopic retrograde cholangiopancreatography; HD 


Symptoms 


Jaundice, anemia, 
weight loss 


Anorexia, nausea, 
diarrhea, 


jaundice 


Jaundice, fever 


Biliary obstruction, 
fever, chills 


Jaundice, weight 
loss, epigastric 
distress 


Jaundice, recurrent 


cholangitis 


Anorexia, diarrhea 


Jaundice, fever, 20 
Ib weight loss 
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TABLE 1. (Continued) 


Diagnostic tests 


UGI—Jarge mass in 
duodenal loop 
US—dilated bile ducts 
multiple liver mets 
ENDO—large mass in 
duodenal loop 
CT—pancreatic mass 
UGI—mazss in second 
and third parts of 
duodenum 
THC—distal CBD - 
obstruction due to 
duodenal mass 
US—dilated bile ducts 


. THC—dilated ducts and 


mass in second part of 
duodenum 


US—dilated ducts 
ENDO—mass @ ampulla 


_THC—obstruction by 


stone 

US—stone in duct and 
mass by head of 
pancreas 

US—dilated ducts 

ENDO—mass @ ampulla 
biopsy benign 


UGI—duodenal mass 


UGI—3.5 cm polyp in 
second part of 
duodenum 


ENDO-—mass @ 
ampulla, multiple 
gastric polyps, biopsy 
benign 


ERCP—dilated CBD and 


pancreatic duct 
US—dilated ducts 
ENDO—mass @ ampulla 

biopsy benign 
UGI—normal 
US—dilated ducts 
ENDO—mass @ ampulla 

biopsy malignant 
UGI—normal 


US—dilated ducts 
ENDO—mass @ ampulla 
biopsy benign 


Surgery 


None, biopsy only by 


endoscopy 


Submucosal excision 


Whipple resection 


Endoscopic resection 


Whipple resection 


Whipple resection 


Whipple resection 


Whipple resection 


Pathology 


Villous adenoma 


Papillary adeno- 
carcinoma 
invasive 


Villous adenoma 
with moderately 
differentiated 
adenocarcinoma, 
3 of 13 nodes 
(+) 

Papillary adenoma 
with focal well 
differentiated 
adenocarcinoma 

Villous adenoma 
with focal 
superficial 
adenocarcinoma 


Villous adenoma 
with invasive 
cancer and liver 
metastases 

Villous adenoma 
with CIS, all 
lymph nodes 
negative 

Villous adenoma 
with CIS 


Villous adenoma 
with CIS . 


Villous adenoma 
with invasive 
cancer, lymph 
nodes negative 

Invasive 
adenocarcinoma 
arising in villous 
adenoma, 
multiple . 
duodenal 
adenomas 

Invasive 
adenocarcinoma 
arising in a 
villous adenoma 
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Follow-up 
Died of arrhythmia pre- 
op, No autopsy 


Died @ 1 year with liver 
metastases 


Died @ 6 months with 
liver metastases 


Died @ 5 years; low-grade 
GI bleeding; mass 
enlarging on repeat 
exams 

Alive @ 18 months, 
chronic pain, 
pancreatic insufficiency 


Alive @ 2 months 


Alive @ 14 years, no 
recurrence, multiple 
problems with 
complications of 
Whipple 

Alive and well @ 2 years, 
repeat endo exams 
showed residual polyp, 
no cancer 

Doing well @ 1 year 


Doing well @ 6 months 


Doing well @ 6 months 


Doing well @ 3 months 


= hypotonic duodenogram; LFT = liver function tests: serum bilirubin, 
alkaline phosphatase, SGOT; THC = transhepatic cholangiogram; UGI 
= upper gastrointestinal series, US = ultrasound. 
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Fic. 2. Upper GI study in a patient with a large villous tumor of the 
duodenum. 


benign villous adenoma growing into the pancreatic duct 
and distal common bile duct. She has been well for 8 
months following the second operation. 

In 12 cases, cancer was found in the villous tumor 
(63%), three of which were CIS. Of the latter patients, one 
is alive and well 14 years following a Whipple procedure. 
The second patient was treated originally by endoscopic 
removal of an ampullary polyp containing CIS, had re- 
currence of benign villous adenoma at 2 months, again 
treated by endoscopic excision, but has had no signs of 
carcinoma 2 years later. The third patient had Gardner’s 
syndrome and presented with chronic pancreatitis and 
biliary obstruction. Although the initial biopsy showed 
only benign villous adenoma, examination of the com- 
plete specimen after pancreaticoduodenectomy showed 
CIS. This patient has been completely well for 1 year to 
date. 

Of nine patients with invasive cancer arising from the 
villous adenoma, one had a biopsy of a large duodenal 
mass that showed only a villous adenoma but had multiple 
liver metastases shown by scan and borne out by his sub- 
sequent clinical course. Two others whose biopsy also 
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showed only villous adenoma were found at operation to 
have invasive carcinoma, one with histologically positive 
lymph nodes, and one with liver metastases. The first of 
these died with liver and other distant metastases at 6 
months, and the other was diagnosed and bypassed only 
recently. A fourth patient whose biopsy showed focal car- 
cinoma in a villous adenoma was treated by gastrojeju- 
nostomy and choledochojejunostomy for palliation. At 
age 78, he had been judged too old for pancreaticoduo- 
denectomy, but he survived for 5 years despite chronic 
low-grade bleeding from the tumor. The fifth patient had 
a submucosal excision of a presumed villous adenoma 
that was later shown to contain an invasive papillary car- 
cinoma. This patient had multiple follow-up endoscopies 
that showed no local recurrence, but the patient died 12 
months later with liver metastases. In the sixth case, an 
open biopsy showed superficial adenocarcinoma in a vil- 
lous adenoma. Eighteen months after undergoing biliary 
and gastric bypasses, she has chronic pain and pancreatic 
insufficiency. 

Our three most recent cases have been treated by pan- 
creaticoduodenectomy. One had a preoperative biopsy 
showing carcinoma, and one showed CIS. The other had 
only benign elements in the biopsy specimen. Because of 
our accumulated experience, we judged it safer to presume 
cancer and opted for the definitive treatment. The resected 
specimen in each case (Fig. 4) showed adenocarcinoma 
invasive to the submucosa and in lymphatics, but all 
lymph nodes were negative for metastatic cancer. All three 
patients are well at short-term follow-up (3-6 months). 


Discussion 


Since 1928, when Golden published the first definitive 
case of a villous adenoma of the duodenum, !'? almost 70 





Fic. 3. Operative photograph showing the submucosal excision of a be- 
nign villous adenoma. 
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cases have been added to the English literature. The ter- 
minology applied to these tumors has been inconstant 
and confusing, with similar tumors being called papillary 
adenoma, papilloma, adenomatous papilloma, papillary 
tumor, villous adenoma, villoglandular polyp, adeno- 
matous polyp, fibroepithelial polyp, and adenomyoma. 
As with villous adenomas elsewhere in the gut, it has been 
recognized that cancer arises with distressing frequency 
in duodenal villous tumors, We assume that these tumors 
begin as benign adenomas and undergo malignant degen- 
eration, thereby differing intrinsically from the more 
common ampullary cancers that are malignant ab initio. 

There is a markedly disproportionate proclivity for vil- 
lous tumors of the duodenum to arise from or near the 
ampulla of Vater. The reasons for this phenomenon are 
only speculative. In general, epithelial tumors of the small 
bowel occur more in the proximal than in the distal in- 
testine,!' and there is a similar proximal distribution of 
neoplasms in rats given the carcinogen azoxymethane.'” 
While similar factors have not been identified in man, it 
is possible that the presence of carcinogens or cocarcin- 
ogens in the bile or pancreatic secretions could explain 
the finding of such a large proportion of the villous tumors 
at the ampulla of Vater. Because the carcinogenic envi- 
ronment and any intrinsic susceptibility of the local mu- 
cosa are not changed by the local removal of the tumor 
and because local recurrence of villous adenomas is com- 
mon, there is life-long need for close follow-up surveil- 
lance. 

Fiberoptic endoscopy with full visualization of the 
duodenum was probably the most useful and accurate 
diagnostic tool, because it allowed both visual identifi- 
cation and biopsy of the tumor. Nonetheless, biopsies 
done through the endoscope missed areas of malignant 
change in five of nine patients. 

The issue of malignant change of a villous tumor of 
the duodenum is similar to that of colonic villous ade- 
nomas but has been less well defined because of the small 
number of reported cases. In a large review, the prevalence 
of malignancy was found to be 35%,° and a range of 25- 
45% is often quoted. Many of the malignancies, perhaps 
40%, are still at the stage of carcinoma in situ when found. 
In the present series, 12 of the 19 tumors (63%) contained 
malignant elements. Nine were frankly invasive or met- 
astatic at initial presentation, and three had carcinoma in 
situ. To assess the presence or absence of malignancy ac- 
curately, the entire specimen must be available for ex- 
amination. Smaller biopsies such as those obtained en- 
doscopically may miss areas of malignant change or in- 
vasion,’ as verified by our experience. Presentation with 
obstructive jaundice should particularly raise the suspicion 
of cancer; 10 of 12 jaundiced patients had cancer, and all 
nine invasive cancers presented in this way. It may be 
that the symptoms associated with early villous tumors 
in this region are vague and easily ignored but that ma- 
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FIG. 4. Pancreaticoduodenectomy specimen in case 17. The probes exit 
from the orifices of the bile duct and pancreatic duct. Note the white, 
hard area of cancer within the larger villous structure. 


lignant degeneration is then more likely to cause sufficient 
biliary obstruction to demand attention. 

The treatment of villous tumors of the duodenum can 
be individualized within certain limits. The presenting 
symptoms, location, size, and extent of the lesion, the 
presence and stage of carcinoma, and the medical status 
of the patient must all be considered. 

Endoscopic removal may be a possibility for some pe- 
dunculated lesions but risks bleeding, perforation, and 
local complications such as pancreatitis when the tumor 
is close to the biliary and pancreatic ducts. Furthermore, 
villous tumors are usually sessile, often of a size not ame- 
nable to endoscopic removal, and tend to extend upward 
into the bile duct or pancreatic duct (Fig. 5). 

Benign tumors located near the ampulla of Vater can 
sometimes be removed by submucosal excision with local 
reconstruction of the pancreatic and biliary ducts using a 
sphincteroplasty technique. This procedure has the po- 
tential to cure the lesion without the morbidity and mor- 








Fic. 5. Endoscopic retrograde cholangiogram in case 13. The large vil- 
lous tumor of the ampulla extends well up the bile duct and partially ob- 
structs it. 
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tality of a pancreaticoduodenectomy. Local recurrence 
after limited excision is a hazard; one of our patients had 
recurrence of villous adenoma after endoscopic excision 
and one after surgical excision. Recurrence of a benign 
adenoma after adequate local removal is nonetheless un- 
common,!* 

Perhaps some patients with carcinoma in situ also can 
be treated with complete local excision alone. With the 
use of fiberoptic endoscopy to follow and watch for local 
recurrence, a more complete resection could be under- 
taken in the event of recurrence. 

Cholecysto- or choledochoenteric bypass have been 
recommended by some!*'* as an alternative to excision 
and sphincteroplasty. The choice may depend on the size 
of the tumor and the size of the pancreatic and common 
bile ducts. However, the tumor, if left in place, remains 
a potential threat for bleeding. 

Patients with invasive carcinoma without evident me- 
tastases can be predicted to have the same results from a 
pancreaticoduodenal resection as any other patient with 
duodenal or nonpancreatic periampullary carcinomas— 
approximately 30% 5-year survival.*!*!6 The presence of 
regional lymph node metastases substantially reduces the 
chance of cure, and, of course, the finding of distant me- 
tastases indicates that the fate of the patient is already 
determined. 

Sixty-three per cent of the patients in this series har- 
bored cancer in the villous tumor, often not proven by 
tissue diagnosis until complete excision and examination 
of the entire tumor. For this reason alone, the case can 
be made for pancreaticoduodenectomy on presumption 
of cancer in any patient who is physically fit for the larger 
operation. In addition, presentation with jaundice or the 
finding of hard areas within the tumor on palpation at 
operation are strong specific indices of cancer. Large tu- 
mors and those that spread up along the biliary and pan- 
creatic duct epithelium may not be removable except by 
pancreaticoduodenectomy. In those cases in which the 
histological examination of a locally excised tumor reveals 
the unexpected presence of an invasive cancer, the patient 
may perhaps still be salvaged by reoperation to perform 
a more adequate regional resection. Today the expected 
mortality from pancreaticoduodenectomy should be well 
under 5%,'’ safe enough that a curative operation should 
not be denied to most patients. Eight patients in this series 
had a pancreaticoduodenal resection, with no operative 
deaths. 

There 
adenomas 


is a very high incidence of duodenal 
18.19 and an increased incidence of periampul- 
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lary carcinoma” in patients with polyposis syndromes. 
Yao et al.,'° reviewing 29 cases of duodenal tumors in 
patients with familial polyposis of the colon, found cancer 
in eight of 14 with Gardner’s syndrome and four of 15 
with familial polyposis coli. The duodenal tumors in these 
cases were usually large and symptomatic at the time of 
diagnosis, in contrast to the small, asymptomatic polyps 
found on routine endoscopy in the majority of patients 
with Gardner’s symdrome and familial polyposis coli. Pe- 
riodic upper GI endoscopy is probably warranted in all 
patients with polyposis syndromes in order to monitor 
the duodenum for changes suggestive of carcinoma and 
to facilitate earlier treatment. 
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Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) contains heparin, this con- 
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(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl), which utilizes low dose heparin as one of 
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100,000/mm or if recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUTIONS), Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lidocaine 
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Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) Injection does not have fibri- 
nolytic activity; therefore it will not lyse preexisting or estab- 
lished deep vein thrombi. If clinical evidence of 
thromboembolism develops despite Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
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apeutic doses of anticoagulants administered unless 
contraindicated. 

Arterial Spasm: DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do so less commonly than other ergots. This action 
appears to be dose-related; however, some patients may 
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Vasospastic reactions are manifested by intense arterial 
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eral vascular ischemia (e.g., muscle pains, numbness, cold- 
ness and pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
spasm can result in serious morbidity (gangrene) or death, 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) should be discontinued imme- 
diately if signs or symptoms of vasoconstriction develop. 
In worldwide experience with Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCI), 
representing about 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating condition 
such as sepsis. In most cases, cessation of Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lido- 
caine HCI) and institution of vasodilator therapy reversed 
the vasospasm 

In clinical trials of Embolex (dihydroergotamine mesylate 
and heparin sodium; with lidocaine HCl) there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome”: Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resulting from irreversible aggregation of plate- 
lets induced by heparin, the so-called white clot syndrome. 
The process may lead to severe thromboembolic compli- 
cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, pulmonary embolism and stroke. 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance: Increased resistance to heparin has 
been frequently encountered in fever, thrombosis, throm- 
bophlebitis, infections with thrombosing tendencies, myo- 
cardial infarction, cancer and in postsurgical patients. 
Increased Risk in Older Women: A higher incidence of 
bleeding has been reported in women over 60 years of 
age 

Laboratory Tests: Periodic platelet counts, hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardless of the route 
of administration 

Drug Interactions: Agents of the ergot alkaloid class, of 
which DHE is a member, have been shown to interact with 
antibiotics of the macrolide class, resulting in increased 
plasma levels of the unchanged alkaloid. 

Platelet aggregation is the main hemostatic defense of hep- 
arinized patients. Drugs which interfere with platelet aggre- 
gation reactions (such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxycnioroquine and others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embolex (dihydroergotamine mesylate and heparin 
sodium, with lidocaine HCI) Injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium. 

Drug/Laboratory Test Interactions: Hyperaminotransfera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage of patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are important in the differential diagnosis of myo- 
cardial infarction, liver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection] should be interpreted with caution. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed to eval- 
uate carcinogenic potential of either DHE or heparin. Also, 
no reproduction studies in animals have been performed 
concerning mutagenesis or impairment of fertility. 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS 

Nursing Mothers: Heparin is not excreted in human milk. 
It is not known whether DHE is excreted in human milk. 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCI) 
Injection is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness of DHE in children 
has not been established. 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chief complication that 
may result from Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCl) administration (see 
WARNINGS). An overly prolonged clotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug (see OVERDOSAGE). 
Deep subcutaneous administration of Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCI) Injection may produce local irritation, mild pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 


N 


SANDOZ PHARMACEUTICALS 


Division of Sandoz Pharmaceuticals Corporation 
East Hanover, NJ 07936 


HEMORRHAGIC COMPLICATIONS—U.S. STUDY 
Number and Percentage of Patients 
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Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes, muscle pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 

Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphylactoid reactions, including 
shock, have also been reported more rarely. Itching and 
burning, especially on the plantar side of the feet, may 
occur. 

Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30%. 
While often mild and of no obvious clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
In preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting; 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
trolled trials for all treatment groups pooled 


INSTANCES OF ADVERSE EFFECTS* 
U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCl) CLINICAL TRIALS 








































































TREATMENT GROUP 
Complication | DHE/HEP | DHE/HEP 
by Body 5000 HEP 5000 | Placebo 
System N= 478 N=232 |N=197 
GASTRO- 
INTESTINAL 
Nausea 11 (2.3%) 1 (0.4%) |2 (1.0%) 
Vomiting 11 (2.3%) 2 (1.0%) 
Abdominal 
Discomfort 3 (0.6%) 
GI Bleeding 3 (1.3%) 
Miscellaneous | 4 (0.8%) 
CARDIO- 
VASCULAR 
Chest Pain 7 (1.5%) 2 (1.0%) 
Hypertension 2 (0.4%) | 2 (0.8%) 
Myocardial 
Infarction 2 (0.4%) | 1 (0.4%) | 1 (0.4%) 
Shortness of 
Breath 2 (0.4%) 
Tachycardia 2 (0.4%) | 1 (0.4%) 
Miscellaneous | 6 (1.3%) | 2 (0.8%) | 2 (0.9%) 
CNS 
Pyrexia 3 (0.6%) 
Miscellaneous | 5 (1.0%) 1 (0.4%) 
SKIN 
Rash 8 (1.7%) | 1 (0.4%) 1 (0.4%) |2 (1.0%) 
Miscellaneous | 9 (1.9%) | 1 (0.4%) 2 (1.0%) 





*Not all of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl), as these postsurgical patients 
received other drugs. 


How supplied: Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) Injection is available 
as a single ampul in packages of 20 and 100 as follows: 
Bar 0.5 mg/2500 USP Units Heparin/Lidocaine HCI 
5.33 mg 
Package of 20 ampuls (NDC 0078-0118-03) 
Package of 100 ampuls (NDC 0078-0118-05). 
This combination strength is not currently available. 
Due 0.5 mg/5000 USP Units Heparin/Lidocaine HCI 

.46 mg 
Package of 20 ampuls (NDC 0078-0119-03). 
Package of 100 ampuls (NDC 0078-0119-05). 
Store and dispense: Store below 77°F (25°C), dispense 
in light-resistant containers. 


Manufactured by Sandoz, Ltd., Basle, Switzerland for 
Sandoz Pharmaceuticals Corporation, East Hanover, 
NJ 07936. 
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Outstanding 
mixed aerobic/anaerobic coverage 
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Injection: 1 and 2 gram vials 


FOR INFECTION SUBSEQUENT 
TO ABDOMINAL TRAUMA © 





Highly Active Against B. fragilis and 
Other Gram-negative Organisms 


‘Cefizox’ Equal in Clinical Efficacy 


B. fragilis Activity to Tobramycin/Clindamycin 
Comparable to Mefoxin™* for Intra-abdominal Sepsis* 


‘CEFIZOX’ MEFOXIN™ 


Bacteriological Clinical 


References MICs MICs 5 : 
Cure Cure 


Therapy 
(No. strains) (No. strains) 





16 mcg./ml. (100) | 32 meg./ml. (100) 
Fu, K.P, and Neu, H.C.’ 25 mcg,/ml. (20) | 25 meg,/ml. (20) 
Chow, A.W., and Finegold, S.M? 29 mcg./ml. (49) | 32 mcg./ml. (49) 


è Fewer serious side effects than: Cefobid"(cefoperazone), Rocephin” (ceftriaxone), 
tobramycin+clindamycin 

© Lower cost of therapyt than: Mefoxin" (cefoxitin), Claforan”(cefotaxime), 
Cefobid"(cefoperazone), Rocephin” (ceftriaxone), Fortaz”(ceftazidime), 
tobramycin+clindamycin 

© B.I.D. dosing for all but life-threatening infections 
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Outstanding mixed aerobic/anaerobic coverage 


oe ® IM 
Cefizox v 
ceftizoxime Sodium 


*In vitro activity does not necessarily imply in vivo effectiveness. 
+Includes cost of drug and drug administration on a daily basis. Based on manufacturers’ lowest recommended dose for severe infection. 


1. Aldridge, K.E., et al.: Comparison of the activities of penicillin G and new -lactam antibiotics against clinical isolates of Bacteroides species, Antimicrob. Agents 
Chemother. 26: 410-413, 1984. 2. Fu, K.P, and Neu, H.C.: Antibacterial activity of ceftizoxime, a B-lactamase-stable cephalosporin, Antimicrob. Agents Chemother. 17: 
583-590, 1980. 3. Chow, A.W, and Finegold, S.M.: /n-vitro activity of ceftizoxime against anaerobic bacteria and comparison with other cephalosporins, J. Antimicrob. 
Chemother. 10 (Suppl. C): 45-50, 1982. 4Solomkin, J.S., and Lentnek, A.L.: A randomized multicenter trial of ceftizoxime vs. tobramycin/clindamycin for intra-abdominal 
infection, 24th Internat. Conf. Antimicrob. Agents Chemother. (Abstract 957) 1984. 


Please see brief summary of prescribing information on last page of this advertisement. 
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Cefizox 


brand of 


sterile ceftizoxime sodium, 
and ceftizoxime sodium injection 


Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains; Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 

URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli; Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P. vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii); Klebsiella sp.; Serratia sp. including S. marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli: Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including B. fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli: Klebsiella 
sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis; Bacteroides 
sp.; and anaerobic cocci, including Peotococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. 'Cefizox' has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
tococcus pneumoniae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 


Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. 


Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 


Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX' IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


©Smith Kline & French Laboratories, 1986 
Div. of SmithKline Beckman Corporation 





Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile, Other causes of colitis 
should also be considered. 

PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox! nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 
Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 

ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Loca/—Injection site—Burning, 
cellulitis, phlebitis with L.V. administration, pain, induration, tenderness, paresthesia. 

Less frequent adverse reactions (/ess than 1%) are: Hypersensitivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Rena/—Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for I.V. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 
Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 
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eread. Risk of Colorectal Cancer Following 


Breast Cancer 





NANAKRAM AGARWAL, M.D., F.R.C.S. (C) 
MATHEW J. ULAHANNAN, M.D. 
MARY ANN MANDILE, C.T.R. 


Identification of population groups at increased risk for colorectal 


` cancer is important for deriving maximum benefit from screening 


procedures. A retrospective analysis of 7605 patients with cancer 
treated between 1958 to 1982 revealed that the colorectum was 
the site of metachronous primary in 38 patients (15 males and 
23 females). The risk factor of developing the metachronous 
multiple primary cancer was determined by comparing the ob- 
served number of second primary malignancy with the expected 
number based on person years of observation, age, sex, and site 
specific incidence rates. Incidence of metachronous colonic cancer 
was twice the expected number and was the highest following a 
primary in the breast. This increased risk (2.0) is of equal mag- 
nitude as noted following primary colon cancer (1.7). Advanced 
metachronous colonic lesions were seen more often following 
breast cancer than following colon cancer. Since carcinoma of 
the breast is the leading cancer in women, it is urged that the 
follow-up management of such patients include the same ag- 
gressive screening program as that recommended for those with 
colorectal cancer. 


primary malignancies in 1889, numerous papers. 


C= BILLROTH’S! initial description of multiple 


have been published on this subject. While it is 


firmly established that patients with colonic cancer are _ 


likely to have a greater incidence of synchronous and me- 
tachronous colonic cancer than the general population, 
the risk of cancer of the colon following an extracolonic 
primary is less clear. Some studies have shown an in- 
creased risk following cancer of the breast and genital or- 
gans,”~> while others have shown no increased risk.” This 
retrospective study was, therefore, undertaken to deter- 
mine the incidence of metachronous colonic cancer in 
patients who had extracolonic cancers. Such information 
will be valuable to identify patients who, during their fol- 
low-up care for the initial cancer, should be screened for 
colon cancer. 


Reprint requests; Nanakram Agarwal, M.D., Our Lady of Mercy 
Medical Center, 600 East 233 Street, Bronx, NY 10466. 
Submitted for publication: October 19, 1985. 
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C. Q. CAYTEN, M.D., M.P.H., F.A.C.S. 
C. S. PITCHUMONI, M.D., F.A.C.P., F.R.C.P. (C) 


From the Department of Surgery and Gastroenterology, Our ` 
Lady of Mercy Medical Center, New York Medical College, 
Bronx, New York 


Material and Methods 


Data were obtained from Our Lady of Mercy Medical 
Center’s tumor registry on 7605 patients treated during 
the 25-year period of 1958-1982. Multiple primaries were 
defined according to the criteria set by Warren and Gates? 
in 1932: (1) each of the tumors must present a definite 
picture of malignancy; (2) each must be distinct; (3) the 
probability of one being a metastasis of the other must 
be excluded. As per Moertel,? metachronous lesions were 
defined as those that were diagnosed at least 6 months 
apart. 

The survival period of each patient from the date of 
diagnosis to the date of death or last follow-up or termi- 
nation of study (December 31, 1982) was converted to 
person years of observation.!° Expected number of second 
primary cancers by site was calculated based on person 
years of observation, age, sex, and site specific incidence 
rates utilizing the Third National Cancer Survey.!! The 
risk factor of developing the metachronous multiple pri- 
mary cancer was determined by comparing the observed 
number of second primary malignancy with the expected 
number. 


Results 


Of the total of 7605 patients, 206 or 2.7% developed 
multiple primary cancers. These were most frequently 
seen in patients with primaries in breast (4.6%) and colon 
(3.9%) (Table 1). Two hundred two patients had only one 
metachronous primary tumor. Four patients had a third 
metachronous primary. Thus, a total of 210 metachronous 
primary lesions were seen in 206 patients. 
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TABLE 1. Incidence of Metachronous Multiple Primary Cancers 
Following Primary Neoplasms 











Number of Patients 

Primary Number with Metachronous 
Site of Patients Multiple Tumors % 
Breast 1180 54 4.6 
Colon 1031 40 3.9 
Lung 1038 9 0.9 
Uterus 960 24 2.5 
Prostate 383 10 2.6 
Others 3013 69 2.3 
Total 7605 206 27 





Table 2 depicts the distributions of the 210 metachro- 
nous primary cancers. Colorectum was the site of a second 
primary in 18.6% of cases and second only to breast, which 
was seen in 22.8%. Table 3 shows the incidence of me- 
tachronous primary colorectal cancer in relation to site 
of primary cancer. Second primary colon cancers were 
most frequently seen following primaries in breast and 
colon. 

In our patient population, as cancers of the breast and 
colorectum were the two most frequent cancers and also 
the two most frequent primary sites for metachronous 
multiple primary colorectal tumors, data on these patients 
were analyzed to determine if any relationship existed 
between the two. 

Table 4 illustrates the relative risk factors for meta- 
chronous primary cancer following a primary in the 
breast. A cancer in the second breast was the most com- 
mon second cancer. It occurred in 27 of 54 or 50% of 
breast cancer patients with multiple primaries. Similarly, 
22% of breast cancer patients with multiple primaries had 
a colorectal cancer. When compared to age, race, and site 
specific incidence rates, the risk of developing a primary 
cancer in the opposite breast was 2.1 times greater than 
for the general population and the risk for the colorectum 
was two times. Thus, the relative risk coefficient for a 
breast cancer patient to develop additional malignancy 
of the colorectum is the same as that of developing second 
primary in the opposite breast. 

Following colorectal cancer, a cancer in the remaining 
colorectum was the most common second cancer as seen 


TABLE 2, Site of Metachronous Multiple Primary Cancer 











Site Number % 
Breast 48 22.8 
Colorectal 39 18.6 
Lungs 26 12.4 
Prostate 17 8.1 
Uterus 9 4.3 
Others 71 33.8 
Total 210 100.0 
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TABLE 3. Incidence of Metachronous Colorectal Cancer 








First Number of Second % 
Primary Patients Primary Colon Incidence 
Colon 1031 10 0.97 
Breast 1180 12 1.01 
Uterus 960 3 0.31 
Prostate 383 2 0.52 
Lungs 1038 5 0.48 
Others 3013 7 0.23 





in 10 of 40 (25%) of colorectal cancer patients with mul- 
tiple primary (Table 5). The risk of developing a primary 
colorectal cancer in the remaining colon was 1.7 times 
greater than for the general population. Female patients 
with colorectal cancer had no increased incidence of breast 
cancer, although an increased risk of genital cancer was 
seen in them. 

Table 6 depicts the stage of the second primary colo- 
rectal cancer at the time of diagnosis and its effect on 
survival. In patients with initial primaries in the breast, 
the second colon primary was seen in localized stage (/.e., 
Dukes A & B) in only 50% of cases in contrast to 80% 
following primary colorectal cancer. The mean survival 
of these patients following a second primary in the co- 
lorectum was related to the stage of the second primary, 
being 4.2 and 4.9 years in patients with localized disease, 
and 1.5 years and 1.1 years in patients with advanced 
disease. Thus, the most important factor that influenced 
the survival was the stage of the colorectal cancer. 


Discussion 


Clinical studies indicate that multiple primary cancers, 
both synchronous and metachronous, are not uncommon. 
Most cancer patients have an increased risk for specific 
metachronous cancers, whose locations depend on the 
primary cancer. Knowledge of these risks is of clinical 
importance. 

Our study indicated that the average risk for a patient 
with breast cancer to have a subsequent primary cancer 
in the colorectum is two times normal. This increased 
risk is the same as that of developing second primary in 
the opposite breast. In patients with carcinoma of the 
breast, the increased risk of metachronous primary car- 


TABLE 4. Risk of Metachronous Primary Cancer 
Following Breast Cancer 








Number Number 

Observed Expected Risk Factors 
Anatomic Site (O) (E) O/E Ratio 
Opposite Breast 27 (50%) 13 2.1 
Colon 12 (22%) 6 2.0 
Uterus 4 5 0.8 
Lungs 2 3 0.7 
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cinoma in the opposite breast is documented to be 1.4 to 
4.5 times, that of ovarian cancer to be 1.6 to 2.3 times, 
and endometrial cancer from 1.7 to 2.0 times the normal 
risk. However, the data regarding the risk of colon cancer 
are inconclusive. 

Greenberg,’ using data of patients in the Connecticut 
Tumor Registry between the years 1935 and 1954, first 
reported an excess of second primary cancer in the diges- 
tive system or peritoneun following a first primary cancer 
in the breast. Schoenberg et al.? in 1969 updated this study 
and, based on a follow-up of 19,394 female patients with 
first primary breast cancer, observed a 1.5 times greater 
risk for developing a second primary cancer in the large 
intestine. 

Using a similar method of analyzing local registry data 
of the New Mexico Tumor Registry, Bordin et al.* have 
observed that Anglo-American breast cancer patients have 


‘an increased risk of 2.49 times of having a second cancer 


in the colorectum. However, this increased risk of sub- 
sequent colorectal cancer was not seen in Spanish-Amer- 
ican women. Both groups had an increased risk of meta- 
chronous breast cancers. 

In a study based on the Charity Hospital of Louisiana 
Tumor Registry over a 23-year period, Newell et al. 
demonstrated that white women in contrast to black 
women with initial cancer of the breast had a sizable in- 
crease (1.7 times vs. 0.5 times) in second tumors in the 
anorectum. Both groups had no increased risk of cancers 
in the large intestine. 

In contrast to our finding, based on 9792 patients with 
carcinoma of the breast treated at the Memorial Sloan- 
Kettering Cancer Center, Schottenfield® concluded that 
there was no increased risk of subsequent colorectal can- 
cer. Similarly, in a study of 12,302 breast cancer patients 
in Israel, Schenker’ and associates could not find a sig- 
nificantly higher than expected incidence of second pri- 
mary cancer in the colon and rectum. In their study, the 
only sites with significantly increased risk were the op- 
posite breast, salivary glands, uterus, ovary, and thyroid. 

All the above-mentioned studies, including ours, have 
the common drawback of being prevalence studies or ret- 
rospective studies based on large tumor registries. Pro- 
spective controlled studies, although difficult and time 
consuming, ate more accurate and meaningful. To this 
extent, Fireman and associates!? from Israel have recently 
presented data of a large bowel screening program on 183 
women with initial primary cancer of the breast, uterus, 
or ovary. The results, which were compared with those 
of 252 women with no history of cancer of similar age, 
ethnic origin, and socioeconomic status, revealed neo- 
plastic lesions, polyps, or cancer to be 2.6 times more 
frequent in the study group (p < 0.05). In another case 
controlled study by performing pansigmoidoscopy, Bre- 
mond!? from France demonstrated that patients with 
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TABLE 5. Risk of Metachronous Primary Cancer 





Following Colon Cancer 
Number Number 
Observed Expected Risk Factors 
(0) Œ) O/E Ratio 
Colon-rectum 10 6 1.7 
Breast 4 4 1.0 
Ovaries 4 1 4.0 
Uterus 4 2 2.0 





breast cancer have a higher risk (2.65 times) for developing 
adenomatous polyps. 

The demonstration of the close relationship between 
primary colon cancer and breast cancer suggests etiologic 
factors common to these two diseases. Epidemiological 
studies show a significant correlation between the inci- 
dence rates of both these tumors in different countries, 
being high in North America, Western Europe, and Aus- 
tralia and low in Eastern Europe, Japan, and developing 
countries.!* Wynder et al.'> have found a statistically sig- 
nificant relationship between mortality rates for breast 
and colon cancer from 21 countries. In the United States, 
cancers of the breast, ovary, endometrium, and colon are 
more prevalent in the same geographic areas and also 
have higher mortality rates in similar regions.'°!” Lynch 
has demonstrated the presence of a familial aggregation 
for breast and colon cancer.!® 

Numerous studies implicate nutritional factors in the 
etiology of both breast and colon cancers. The “Western” 
diet high in animal fat, protein, and refined carbohydrates 
and low in fiber may be an important factor. The geo- 
graphic distribution of both cancers in humans correlates 
with international variation in average fat intake. Hill and 
associates!®”° have shown that the composition of gut 
bacteria depends on the nature of the diet that people 
consume. High fat diets have a higher proportion of met- 
abolically active anaerobic bacteria, and the altered in- 
testinal flora lead to increased production of bile acid, 
steroidal estrogens, and their metabolites, some of which 
are suspected carcinogens. 

From the available information, it can be concluded 
that the positive association of breast and colorectal cancer 


TABLE 6. Stage of Metachronous Colon Tumors 


Stage Colon to Colon Breast-Colon 
% localized 
(A & B) 80 (4.2 years) 50 (4.9 years) 
% nonlocalized 
(C & D) 20 (1.5 years) 50 (1.1 years) 


Figure in parenthesis indicates mean survival in years following 
metachronous colon cancer 

Note the higher incidence of nonlocalized (C & D} colon cancers in 
breast cancer patients. 
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is not the result of chance occurrence. Breast cancer in 
women increases the chance of subsequent colon cancer 
two times above the level of risk in the general population. 
As carcinoma of the breast is the leading cancer in women, 
we urge that major attempts at secondary prevention, us- 
ing a large bowel screening program such as that suggested 
by Winawer,! based on fecal occult blood detection, flex- 
ible sigmoidoscopy, and colonoscopy, when appropriate, 
should be recommended for these patients. 
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Triple-action inhibition 
of pain pathogenesis 


demonstrated in 
animal studies. 


Animal studies have demonstrated that 
SUPROL works three ways to inhibit pain. Not only is it 
a potent inhibitor of prostaglandin synthesis, but 

it also has an effect on bradykinin and 
at the nerve ending itself.1 
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Triple-action inhibition of pain. 
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MOST COMMONLY REPORTED 
GI SIDE EFFECTS* 


Demonstrated to cause significantly less 
fecal blood loss than aspirin (650 mg qid 
over a seven-day period). However, as with 
other nonsteroidal analgesics, SUPROL 
should be given under close supervision to pa- 
tients with a history of upper GI tract dis- 
ease. Peptic ulceration and GI bleeding 
have been reported in approximately 1% of 
patients receiving SUPROL Capsules. 
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EFFECTS ON MAJOR ORGANS IN 
CLINICAL EXPERIENCE TO DATE 


(including renal, hepatic, or ocular). In long- 
term studies, the incidence of elevated liver 
enzyme levels for SUPROL was approximately 
1%. In all cases, the elevations were not of a 
serious nature and disappeared promptly 
upon discontinuation of SUPROL. However, as 
with other nonsteroidal analgesics, SUPROL 
should be given under close supervision to 
patients with renal or hepatic impairment. 


SUPROL is a non-narcotic, 
nonsteroidal analgesic 
that is nonscheduled and 
nonhabituating. 


*Side effects occurring in 3%-9% of patients in long-term studies include: abdominal pain, constipation, vomiting, and flatulence. 


e In long-term studies approximately 20% of the patients were discontinued due to adverse reactions. 
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SUPROL* (suprofen) 200-mg Capsules 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 
Contraindications: SUPROL should not be used in patients 
who have previously exhibited intolerance to the drug As with 
other nonsteroidal anti-inflammatory drugs, SUPROL should not 
be given to patients in whom aspirin and/or other nonsteroidal 
anti-inflammatory drugs induce bronchospasm, rhinitis, urti- 
caria or other sensitivity reactions Rare anaphylactic reactions 
to suprofen have been reported, although the aspirin sensitivity 
history of the patients is unknown 
Warnings: SUPROL (suprofen) should be given under close su- 
pervision to patients with a history of upper gastrointestinal tract 
disease and only after consulting the ADVERSE REACTIONS 
section. Peptic ulceration and/or gastrointestinal bleeding have 
been reported in 1% of patients receiving SUPROL Capsules at 
800-1600 mg/day. 
Precautions: General Renal Toxicity: As with other nonsteroi- 
dal anti-inflammatory drugs, long-term administration of supro- 
fen to animals has resulted in renal papillary necrosis and other 
abnormal renal pathology In humans. there have been reports of 
acute nephritis with hematuria, proteinuria, and occasionally ne- 
phrotic syndrome 

A second form of renal toxicity has been seen in patients with 
prerenal conditions leading to a reduction in renal blood flow or 
blooc volume, where the renal prostaglandins have a supportive 
role in the maintenance of renal perfusion In these patients 
administration of an NSAID may cause a dose-dependent re- 
duction in prostaglandin formation and may precipitate overt 
renal decompensation Patients at greatest risk of this reaction 
are those with heart failure. liver dysfunction, those taking di- 
uretics, and the elderly Discontinuation of NSAID therapy is typ 
ically followed by recovery to the pretreatment state 

Since SUPROL and its metabolites are eliminated primarily by 
the kidneys, patients with impaired renal function should be 
closely monitored, and it should be anticipated that they will re- 
quire lower doses 
Anemia. In long-term studies, decreases in hemoglobin and he 
matocrit have been reported in patients taking SUPROL Appro- 
priate tests should be performed if signs or symptoms of anemia 
are evident 
Liver Chemistry Abnormalities As with other nonsteroidal anti- 
inflammatory drugs, borderline elevations of one or more liver 
tests may occur in up to 15% of patients. These abnormalities 
may progress, may remain essentially unchanged, or may be 
transient with continued therapy The SGPT (ALT) test is proba- 
bly the most sensitive indicator of liver dysfunction Meaningful 
(three times the upper limit of normal) elevations of SGPT or 
SGOT (AST) occurred in controlled clinical trials in approxi- 
mately 1% of patients A patient with symptoms and/or signs 
suggesting liver dysfunction, or in whom an abnormal liver test 
has occurred, should be evaluated for evidence of the develop- 
ment of more severe hepatic reactions while on therapy with 
SUPROL. Severe hepatic reactions, including jaundice have 
been reported with SUPROL as well as with other nonsteroidal 
anti-inflammatory drugs Although such reactions are rare. if ab- 
normal liver tests persist or worsen, if clinical signs and symp- 
toms consistent with liver disease develop. or if systemic 
manifestations occur (e g . eosinophilia, rash, etc ), SUPROL 
should be discontinued, since liver reactions can be fatal 
Peripheral edema Peripheral edema has been observed in 5% 
of patients receiving long-term therapy Therefore. SUPROL 
should be used with caution in patients with fluid retention. heart 
failure or hypertension 
Ophthalmic Symptoms Ophthalmologic examinations per- 
formed on long-term patients both prior to initiation and after dis 
continuation of therapy failed to show any drug-related eye 
changes. Three to 9% of patients reported changes in visual 
acuity, however, and because of reports of adverse eye findings 
in animals. 1 e . attenuated retinal vasculature. retinal degener- 
ation and cortical opacities in rats treated with 25 or 35 mg/kg 
day (approximately the human dose) for 24 months (life-time 
treatment). it is recommended that patients who develop visual 
complaints during treatment with SUPROL have an ophthalmo 
logic evaluation 
Drug Interactions: Although suprofen is highly protein bound 
(see CLINICAL PHARMACOLOGY). in vitro studies have shown 
that SUPROL does not displace phenytoin. warfarin or tolbuta- 
mide trom their plasma protein-binding sites. As a result, the 
concomitant administration of SUPROL (suproten) with highly 
protein-bound, weakly acidic therapeutic agents would not be 


expected to in- 
fluence the effi- 
cacy or safety 
of these com- 
pounds How 
ever. as pros 
taglandins are 
directly r 
volved nthe 
regulatory 
mechanisms 
of hemosta 
Sis and glucose metabolism. patients on anti 
coagulant or hypoglycemic therapy should be carefully 
observed while on SUPROL (suprofen). as with other nonstero1 
da! anti-inflammatory drugs 

Patients taking diuretics are at greater risk of developing rena 
failure secondary to a decrease in renal blood flow caused by 
prostaglandin inhibition by nonsteroidal anti-inflammatory 
drugs. including suproten (See PRECAUTIONS— General ) 
Drug/Laboratory Test Interactions The drug has been shown to 
inhibit platelet aggregation and prolong template bleeding time 
in vivo, but the platelet function begins to normalize within 4 
hours and appro s normal within 24 hours after the last dose 
of SUPROL Therefore, patients who are taking anticoagulant 
therapy should be carefully observed while SUPROL is 














Mutagenesis, Impairment of Fert Two 2 
year Studies in rats and an 18 month study in mice were per- 
formed to ate the carcinogenic potential of the drug The ini- 
tial rat study had inadequate survival In mice an increased 


incidence of benign liver tumors occurred tn females at a dose 











of 40 m9/kq day (approximately three times the human dose) 
Treated male mice (doses of 2 5, 10, and 40 mg/kg day) also 
had an ı eased incidence of hepatomas (not dose related) 








when compared to control animals No evidence arcinoge- 
nicity was found in doses as high as 40 mg/kg: day in the rat and 
mouse Based on a battery of mutagenicity tests (Ames, Micro- 
nucleus and dominant lethal) suprofen does not appear to have 
potential 

tve studies in rats at a dose of up to 40 mg/kg/day 
lalely three times the human dose) revealed no im- 








(approx 
pairment of fertility and only slight reductions of fertility at doses 
of 80 ma’kg day (approximately 6 times the clinical dose) How 


ever, test 





ar atrophy hypoplasia was observed in a six-month 











dog study (at 80 mg/kg/day) and a 12-month rat study (at 40 
mg/kg: cay) 
Teratogenic Effects. Pregnancy Category B Reproductive stud- 








ies have been performed in rabbits at doses up to 2 
day ( 


) mg/kg 
mately 15 times the human dose) and in rats al 
80 mg/kg/day (approximately six times the human 
5, doses of 40 mg/kg/day and above, and in rabbits 
mg/kg/day and above. resulted in an increased in- 
cidence of fetal resorption associated with maternal toxicity 
There was an increase in stillbirths and a decrease in postnata 
Survival n pregnant rats treated with suproten at 2.5 mg/kg day 











and at As with other drugs known to inhibit prostaglandin 
synthe n increased incidence of delayed parturition oc- 
curredin rats As there are no adequate and well-controlled 
studi n pregnant women this drug should be used during 


pregnancy only if clearly needed Because of the known effect 
of drugs of this class on the fetal cardiovascular system (closure 
of ductus arteriosus). use during late pregnancy should ve 
avoided 

Nursing Mothers The excretion of SUPROL in milk after a single 
dose to nursing mothers has been measured Peak c 












tions of SUPROL ın milk. 0.12 to 0 23 mcg/ml at one ! o hours 

were approximately 1% of the peak plasma concentrations and 

fell to 0024-0 107 mcg/m| four hours after drug administration 
The maximum total daily exposure of a nursing intant to 





SUPROL (assuming nursing at time of peak concentration) was 
calculat ym this study to be 0 U3-0 06 mg/kg day which 
represents 0 015% to 0 03°: of the usual daily adult dose Cau- 
tion is advised in the use of SUPROL in nursing women since the 
safety of SUPROL in human neonates has not been established 
Pediatric e Safety and effectiveness in children have no! 
been established 

Adverse Reactions: Those adverse reactions listed below 
were reported in controlled clinical trials in over 800 patients 
who re j treatment in studies for one week or longer. of 
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whom 537 were treated for at least three months, 331 treated for 
al least six months, and 103 for at least one year 

Gastrointestinal symptoms were the most frequently reported 
adverse experiences, ranging from 10 to 20%, in SUPROL 
(suprofen) long-term studies (see below) 

Fitteen to 20% of patients dropped out of long-term studies 
because of adverse effects 

The incidence of adverse reactions in approximately 2,000 pa- 
tients receiving short-term therapy. for mild to moderate pain or 
dysmenorrhea, was, in nearly all cases. lower than those listed 
below 
Incidence Greater Than 1% — Gastrointestinal: The most fre- 
quent adverse reaction occurring with SUPROL administration 
was nausea which occurred in about 15% of the patients. Re- 
ported less frequently were Dyspepsia, 13%, loose stools/di- 
arrhea, 10%. gastrointestinal distress.* abdominal pain,* 
constipation,” vomiting,” flatulence." gastrointestinal bleeding, 
stomatitis, and other bowel changes 

Central Nervous System. Headache * dizziness," sedation." 
mood changes .* sleep disturbances,” and paresthesia 

Body as a Whole Pain* and asthenia 

Cardiovascular/Respiratory Edema * congestion (upper re- 
spiratory).* hypertension and palpitation 

Dermatologica! Dermatitis.” pruritus.” and skin irritation 

Hematologic Purpura and bleeding 

Genitourinary: Urinary frequency, dysuria. and pyuna 

Musculoskeletal Muscle cramps." bursitis 

Special Senses Changes in vision. conjunctivitis, and 
tinnitus 


“Reactions occurring in 3% to 9% of patients treated with 


SUPROL Reactions occurring in fewer than 3% of the patients 
are unmarked 

Incidence Less Than 1% (Causal Relationship Probable)— 
The following adverse reactions. some of which have been re- 
ported during post-marketing use abroad, occurred less tre- 
quently than 1 ın 100. The probability exists that there is a causa! 
relationship between SUPROL and these adverse reactions 

Body as a Whole Acute allergic reactions with dyspnea and 
epigiottal and/or laryngeal edema, anemia 

Gastrointestinal Peptic ulcers, gastroenteritis 

Cardiovascular Epistaxis 

Dermatologic. Rash 

Central Nervous System. Appetite changes 

Urogenital. Acute nephritis 

Incidence Less Than 1% (Causal Relationship Unknown) 
Other adverse reactions reported during clinical trials or post 
marketing use with a frequency of less than 1 in 100. but under 
circumstances in which a Causal relationship between SUPROL 
and the reaction could not be determined These rarely reported 
reactions are being listed as alerting information for the physi- 
cian since the possibility of a causal relationship cannot be 
excluded 

Gastrointestinal Jaundice 

Cardiovascular/Respiratory Tachycardia 

Hematological Thrombocytopenia. acute hemolytic anemia 
leukopenia 

Genitourinary. Lime green urine 
Drug Abuse and Dependence: SUPROL (suproten) is a non- 
steroidal anti-inflammatory agent and, therefore, is a non-nar 
colic, non-addicting analgesic drug 

Patients receiving SUPROL for up to six months have not de 
veloped tolerance to the drug 

IMPORTANT Full directions for use should be read before ad- 
ministering or prescribing SUPROL (suprofen) Capsules 

For information on symptoms and treatment of overdosage 
see full prescribing information 
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What Causes Center Effects i in 


Kidney Transplantation 
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Results in 195 renal transplants were compared for two distinct 
patient populations, those from the out-of-town surrounding rural 
region and those from the local large metropolitan center. The 
1-year cadaver kidney survival was strikingly higher in the group 
from out-of-town (62% ps. 43%, p < 0.001). This was partially 
due to better patient survival in the out-of-town patients. There 
were more blacks in the local group (7% ps. 48%, p < 0.001). 
However, this was not the explanation for the difference, since 
within the local group the 1-year graft survival for nonblack 
recipients was no better than for blacks. Other relevant factors 
were not different between the two groups. This strong dialysis 
center effect, which exerts a major influence on the subsequent 
likelihood of success, derives from some factor related to the 
derivation of the recipient. In addition to its possible implications 
for patient care, further study of this phenomenon would also 
be usefnl with regard to recent interest on the part of government 
and other third-party payment groups in transplant center results. 


ARGE MULTICENTER ANALYSES have provided ex- 
tensive information about the most important 
factors governing the success of renal transplan- 

tation." However, these trials have commonly demon- 
strated significant differences in success between different 
transplant centers,* and the reasons responsible for such 
differences have not been established. In one report in- 
volving an extensive multivariate analysis, factors includ- 
ing recipient age, race, diabetic status, use of antilympho- 
cyte globulin (ALG), transfusions and human histocom- 
patibility locus-A (HLA) match could be identified to es- 
tablish the cause of the difference between centers.? On 
the other hand, there have always existed glaring discrep- 
ancies in results between two centers not attributable to 
known factors associated with graft success. Consequently, 


` good results from a center have thus been attributed 


mainly to general issues of good patient care. 
The possibility that results are determined by environ- 
mental factors within a geographical area has not been 
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evaluated in a controlled fashion. We were able to examine 

«this issue, since our renal transplant recipients are derived - 
mainly from two distinct areas: the out-of-town sur- 
rounding region of rural or small city centers and our 
local large metropolitan center. Since no distinction was 
made in treatment regimens on the basis of the dialysis 
center from which the patient was referred, all factors of 
patient care were controlled for once the patients arrived 
for the transplant. In this study, we found that the patients 
derived from out of town enjoyed a strikingly better result 
after kidney transplantation than did our local metro- 
politan patients. 


Methods 
Patient Population 


One hundred ninety-five transplant recipients over a 
48-month period were evaluated retrospectively. There 
were 166 recipients of cadaver donor transplants and 29 
recipients of living related donor transplants during this 
time; overall, 116 were from out of town and 79 were 
from the local metropolitan area. For cadaver organs, an 
attempt was made to provide.a good HLA-A,B antigen 
match, but patients were not ultimately denied a trans- 
plant on the basis of poor matches. All patients routinely 
underwent immunosuppression with prednisone and 
azathioprine. Rejection was treated by initial intravenous 
methylprednisolone boluses, followed by an increase in 
oral prednisone dose "and addition of ALG in some pa- 
tients. Cyclosporine was not employed in the patients in 
this study. 


Data Analysis 


Computational assistance was received from CLINFO 
(Bolt, Beranek, and Newman, Inc., Cambridge, MA). Life 
table analyses were compared by computation of the gen- 
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eralized Wilcoxin test for equality of the life tables under 
comparison. The significance of differences for specific 
variables in different subsets of the study population was 
assessed by chi square or Student’s t-test, as indicated. 


Results 


Figure 1 shows that the l-year cadaver kidney graft 
survival was strikingly higher in the patients from out of 
town (62%, N = 99) than in the patients within the met- 
ropolitan area (43%, N = 67, p < 0.001). The better sur- 
vival of the out-of-town patients (92% at 1 year) compared 
with the local patients (85% 1-year patient survival) was 
part of the reason for this result (Fig. 2). Of note, the 
related donor results showed a similar trend in favor of 
those from out of town, both in graft survival and in pa- 
tient survival. 

In searching for characteristics of the two groups that 
might explain the difference in results, the most impressive 
difference found between the groups was race (Table 1): 
7% were blacks in the out-of-town group, whereas 48% 
were black in the local group (p < 0.001). This did not, 
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Fics. 1A and B. Life table 
analysis, giving cumulative 
probability of kidney survival 
for (A) the out-of-town pa- 
tients and (B) the local met- 
ropolitan patients. 
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however, explain the difference in results, since the 1-year 
graft survival for nonblack recipients was found to be al- 
most identical to that for blacks, within the local metro- 
politan group. 

Other less striking differences between the groups, as 
summarized in Table 1, were that the local patients had 
a slightly worse degree of acute tubular necrosis (ATN) 
by one parameter (a mean of 11 vs. 5 days to 500 mg/ 
day of urine, p < 0.01). Other measures of ATN (serum 
creatinine on day 2, and number of days to a urine output 
of 500 cc/day) did not reveal an overall greater incidence 
in the local group, however. The incidence of chronic 
renal failure due to congenital kidney disease (which was 
predominantly polycystic disease, Alport’s disease, and 
other hereditary causes) was greater in the group from out 
of town (23%, compared with 6% in the local group, p 
< 0.004), whereas the incidence of hypertensive neph- 
rosclerosis was somewhat higher in the local patients. Di- 
abetes as the cause for chronic renal failure did not rep- 
resent a poor prognostic indicator in our patient popu- 
lation, as graft and patient survival were the same in 


B 
Fics. 2A and B. Life table 
analysis, giving cumulative 
probability of patient survival 
for (A) the out-of-town and (B) 
local metropolitan patients. 
5 10 I5 20 


MONTHS POST TRANSPLANT 


Vol. 203 * No. 3 


diabetics and nondiabetics. Furthermore, the incidence 
of diabetes as the etiology for chronic renal failure was 
not significantly different between the local-and the out- 
of-town groups. Therefore, a difference in the incidence 
of diabetes cannot explain our results. Although the mean 
peak-reactive antigen in the local group was slightly higher 
(37% vs. 27%), this small difference seems unlikely to have 
been clinically important. 

The several other variables evaluated, which were not 
different between the out-of-town group and the local 
group were: age, average HLA mismatch, average number 
of previous transplants, average whole blood or buffy-poor 
transfusions, incidence of hepatitis B antigen, and evi- 
dence for cytomegalovirus (CMV) infection. Therefore, 
the usual factors that have seemed to explain differences 
between results at different centers did not explain the 
differences between our two groups of patients. 


Discussion 


The most important conclusion from our data is that 
the location of dialysis treatment, whether in a local met- 
ropolitan or in an out-of-town center, is correlated with 
the outcome of renal transplantation. The graft survival 
rate for patients from the surrounding country and small 
city environment was found to be markedly better than 
for those from our local metropolitan area. This must 
have been due to intrinsic differences in the two popu- 
lations, rather than some variable in transplantation tech- 
nique or patient care, since the patients were managed 
identically from the time they arrived from the transplant. 
The imaginable differences inherent in being close to the 
transplantation center (such as availability of family and 
ease of follow-up appointments after discharge) would all 
seem, if anything, to provide an advantage for those from 
the local area. Aside from this, there was no evident way 
that care was biased in favor of.one group or the other. 
The possibility that this effect influenced outcome was 
not realized during the treatment interval, only later when 
the retrospective analysis was undertaken for other rea- 
sons. 

What could cause this difference? Since some earlier 
reports indicated a poorer prognosis for black recipi- 
ents,”>* this seemed a possible explanation in our study. 
Indeed, the per cent of black patients was significantly 
higher in the local group. However, this variable could 
not have contributed to the poorer results in the local 
group, since the results in the local group were identical 
for blacks and nonblacks. This corroborates other recent 
studies in which the prognosis was not found to be in- 
trinsically different for black recipients.” Another ex- 
planation might have been the incidence of diabetes, but 
our results overall are no different for diabetics than for 
nondiabetics. It is conceivable that the etiology of the renal 
disease plays some role, since this was significantly dif- 
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TABLE 1. Relevant Characteristics of the Two 





Cadaver-Donor Recipient Groups* 
Origin of Cadaver 
Recipients 
Out of Statistical 
Characteristic Local Town Significancet 
Black, % 48 7 p < 0.001 
ATN—average 
Days to 500/d : 
urine lI 5 p<0.0! 
Day 2 creatinine, 
L 8 7 N.S. 
Days to creatine 
=20 17 18 N.S. 
Etiology of renal - 
failure, % 
Congenital 6 23 p < 0.004 
Nephrosclerosis: 11 5 N.S. 
Diabetes : 15 12 NS. 
Average peak-reactive 
antigen, % 37 27 p < 0.05 
Average age, years: 34 35 N.S. 
HLA mismatch 
Average 2.30 2.24 N.S. 
Well-matchedt (%) ` 18 19 N.S. 
Average number of 
the transplant ; 
; (first = 1) 1.30 1.15 NS. 
Average number of 
transfusions i 
Whole blood 8.2 8.8 N.S. 
Buffy-poor 10.0 9.4 N.S. 
Incidence of HBS : 
antigen, % 18 10 NS. 
Incidence of CMV 
Average maximum 
serology dilution 
(inverse) , 34 24 N.S. 
Fraction with 
clinical evidence ; 
of CMV (%) 20 17 N.S. 
Combined incidence 
of HBS or 
CMV§ (%) 53 | 44 N.S. 





* Also see results section. 

t Statistical significance assessed by chi square or two-tailed t test, as 
appropriate. 

Mismatched for 0 or 1 HLA-A, B antigens. 

§ HBS Ag positive and/or CMB Ab greater than 1:8 in the posttrans- 
plant period. 


ferent between the two, with a higher incidence of con- 
genital problems in the patients from out of town. Inter- 
pretation of this is confounded by the previously noted 
concurrence of nephrosclerosis with race? so that the in- 
creased incidence of nephrosclerosis (and consequent de- 
creased incidence of congenital renal disease) was to be 
expected in the local patients, since they were more com- 
monly black. Also, the incidence of ATN was perhaps 
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slightly greater in the local group, by one of three measures 
of this. However, these differences were not sufficiently 
striking to explain the much poorer results in our local 
patients. We also evaluated the other potential differences 
between the two groups that have been implicated in other 
descriptions of center effects,'">* and these were found 
not to be responsible for the different results observed in 
our two groups. Only two variables possibly bearing on 
outcome, socioeconomic status and length of time on di- 
alysis, were not formally assessed in the data base gathered 
on these patients. 

Increased indigenous infection in the local group, which 
would increase the risk of immunosuppression and de- 
crease willingness to treat rejection aggressively, might 
have provided the explanation for the differences. In fact, 
there are marked differences in incidence, e.g., of notifiable 
diseases in our city compared with the surrounding rural 
counties.? Such influences were not detected in the data 
base gathered on our transplant recipients. In future stud- 
ies of the center effect, the incidence of viral and fungal 
exposure should be investigated, as this may provide some 
clues to the reasons for different results in different patient 
populations, 

The results of our analysis do not provide a definitive 
explanation for the “center effect.” This study must be 
repeated in other centers in which it is possible to compare 
a large number of patients from each of the two categories. 
If the difference is borne out as a general finding, a large 
multivariate analysis? incorporating several centers might 
allow detection of the factor or factors responsible for this 
aspect of the center effect. This is important for two rea- 
sons. First, the identification of the cause(s) for this dif- 
ference would provide important clinical information that 
would allow better individualization of patient care, se- 
lection for given immunosuppressive regimens, and per- 
haps alter management in other ways as well. Second, the 
results presented in this paper provide clear evidence that 
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factors previously recognized, such as blood transfusions, 
type of immunosuppression, or the technical aspects of 
the surgery and postoperative care, do not necessarily 
represent the complete explanation for differences between 
centers. This is of major importance in assessing cost and 
benefit of transplantation and possibly other procedures, 
since the fraction of patients of each type is likely to vary 
from center to center. A center that has patients mainly 
from rural areas may have results that are superior to 
those from another center whose patients, drawn entirely 
from a large metropolitan area, may have poorer results 
and longer, more complicated hospitalizations, because 
of the effect that we have found. Applying the same di- 
agnosis-related group (DRG)-determined reimbursement 
to the two centers would represent an undeserved hardship 
on the metropolitan unit. 
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This study represents the personal experience of a general sur- 
geon in 70 cases of penetrating injuries of the beart. Eighteen 
patients with no signs of life on admission were subjected to a 


thoracotomy on the stretcher with a mortality of 94%. Fifty-two _ 


patients were operated on in the operating theater with a mortality 
of 13.5%. Beck’s triad (low blood pressure, raised central venous 
pressure, and distant cardiac sounds) was recorded in 77% of 
the cases with proven tamponade, but pulsus paradoxus in only 
11%. In the author’s opinion, percardiocentesis has no place in 
the diagnosts or treatment of cardiac injuries. Particular attention 
has been paid to the management of coronary artery injuries and 
the high incidence of air embolism in certain patients. 


experience of 45 cases of penetrating cardiac injuries." 
The purpose of the present paper is to review this 
experience and highlight certain new points. 


T A PREVIOUS STUDY the author reported his personal 


Patients and Methods 

During a 7-year period (1979-1985) at Baragwanath 
Hospital, South Africa, the author diagnosed and operated 
on 70 patients with penetrating heart wounds. All were 
black, with ages ranging between 11 and 50 years (average 
25). There were 68 males arid two females. In all cases, 
the offending weapon was a knife. One patient survived 
a cardiac injury 3 months after an aortic and mitral valve 
replacement. Another one survived two cardiac injuries 
in 2 years. 

The management protoeel remained unchanged over 
the 7-year period. Every patient with a suspected cardiac 
injury was transferred to the emergency room (ER) at 
once. If the patient had no cardiac activity on admission 
or arrested during resuscitation, an endotracheal tube was 
inserted an: a left thoracotomy was performed while on 
the stretcher and without any skin preparation. The 
bleeding was controlled and if the heart recovered the 
operations was completed in the operating theater (OT). 
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Unrecordable blood pressure (BP) in the presence of nor- 
mal cardiac auscultation was not an indication for ER 
thoracotomy. If the diagnosis was obvious, the patient 
was transferred to the OT. If the diagnosis was not clear, 
such as in patients with shock and multiple associated 
injuries or shock responding to small amounts of fluids, 
more investigations were carried out—central venous 
pressure (CVP) measurements, electrocardiogram (ECG), 
chest roentgenogram). Cautious digital exploration of the 
chest wound was performed routinely to assess the direc- 
tion of the tract of the wound, i.e., towards or away from 
the heart. Blood, often low titer O-negative, was routinely 
administered to all cases. The preferred method of opening’ 
the chest was a median sternotomy in the OT and a left 
thoracotomy in the ER. The pericardium was opened 
longitudinally to avoid injury of the phrenic nerves and 
the cardiac wound was repaired with figure of eight sutures 


` (2/0 silk). Wounds in close proximity to a coronary vessel 


were repaired by means of a horizontal mattress suture 
underrunning the vessel. Teflon® felt pads were used 
whenever the myocardium was friable. The pericardium 
was closed with interrupted sutures (2/0 silk), and a gap 
was left superiorly to prevent retamponade. If the heart 
was enlarged because of failure or fluid overloading, the 
pericardium was left open, extrapericardial drains were ` 
placed, and the sternum was closed with No. 4 silk or 
steel wire. During the early postoperative period, the pa- 
tients were treated in the intensive care unit. 


Results 
Entrance Wound 


In the majority of the patients, the chest wall wound 
was located between the left sternal border and the left 
anterior axillary line (65%) obviously due to the predom- 
inance of right-handed assailants. 
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TABLE 1. Operating Theater (OT) Mortality 
BP on 
Admission Associated 
Patient Injured Site (mm Hg) Injuries Comments 
l LV 0 Lung Air embolism, 
died in OT 
2 LA 70 Lung Died in OT 
3 LV + LADA 0 Lung Died in OT 
4 RA 40 Liver, Died 12 days 
mesenteric later of 
vessels multiorgan 
failure 
5 LA 0 Lung Air embolism, 
died in OT 
6 RV+LV 0 — Died in OT 
+ LADA 
7 LA 0 Internal Died in OT 
mammary 





LV = left ventricle, LA = left atrium, RA = right atrium, RV = right 
ventricle. 


Clinical Findings on Initial Examination 


Eighteen patients (26%) had no detectable cardiac ac- 
tivity on admission or arrested soon after admission, and 
they were subjected to an ER thoracotomy. In the re- 
maining 52 cases (74%), a detailed clinical examination 
was carried out. Shock was a constant finding. In four 
cases, the low BP was corrected by infusion of about 500 
ml of Ringer’s lactate, and this delayed the diagnosis and 
treatment, fortunately without any serious consequences. 
Beck’s triad (low BP, raised venous pressure, muffled car- 
diac sounds) was recorded in 34 cases (65%). Restlessness 
was present in 44 patients (85%). 


Investigations on Initial Examination 


A portable chest x-ray was obtained in 17 patients, and 
it was found to be helpful in eight (47%). Five showed 
cardiac enlargement and three, pneumopericardium. An 
ECG was performed on six cases, and it was helpful in 
two (33%). Diagnostic pericardiocentesis was done in 10 
cases, and it was false-negative in eight (80%). 


Operative Findings 

Cardiac tamponade was found in 62 cases (89%). In all 
18 ER thoracotomies, there was a combination of tam- 
ponade and massive extravasation of blood into the chest. 
The most commonly injured cardiac chamber was the 
right ventricle (36%), followed by the left ventricle 29%), 
the right atrium (15%), and the left atrium (12%). Com- 
pound injuries were found in 8%. The heart was stabbed 
right through in two cases. In another two cases, a single 
chest wound was associated with multiple perforations of 
the anterior wall of the heart. The left anterior descending 
artery (LADA) was severed in six cases (9%). The most 
commonly found associated injury was a lung penetration 
(56%), followed by internal mammary vessels transec- 
tion (16%). 
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Mortality-Morbidity-Hospitalization 


Of the 18 cases who were subjected to an ER thora- 
cotomy, 17 died (94%). Of the 52 cases who were operated 
on in theater, seven died (13.5%). The best prognosis was 
associated with injuries of the right ventricle. (No deaths 
in 25 cases in the OT group.) Analysis of the deaths in 
the OT group is presented in Table 1. Of the six cases 
with LADA severence, one patient had an ER thoracot- 
omy and did not survive. The remaining five were oper- 
ated on in theater and three survived. 

The most common postoperative complication was 
lung atelectasis (35%). Two patients with ligation of the 
LADA developed myocardial infarction. No wound sepsis 
was recorded. The average hospitalization was 11 days. 


Discussion 


In a previous study of 532 cases of cardiac injury, we 
reported that 77% of the patients never reach any kind of 
medical attention.* There are many factors operating in 
the selection of survivors: the time taken to reach hospital, 
the weapon used, the size of the myocardial injury, the 
injured cardiac chamber, whether coronary artery damage 
occurred, the presence of tamponade and associated in- 
juries. In the small group of patients who reach medical 
attention, the most important factors for their survival 
are fast diagnosis and immediate treatment. Every case 
with penetrating chest injury must be seen as a cardiac 
injury until proven otherwise. 

In this series, shock was a constant clinical finding 
(100%). Beck’s triad, which is considered pathognomonic 
for tamponade, was found in 86% of the cases with proven 
tamponade. No false-positives were recorded. Most other 
series report figures between 10 and 40%.>4 However, 
these studies were retrospective, and the triad may not 
have been looked for specifically. 

A raised CVP was recorded in 91% of the cases with 
tamponade. However, the limitation of this parameter 
must be appreciated. Various conditions such as hemo- 
pneumothorax, restlessness, and malposition of the tip of 
the catheter may give a falsely raised CVP. Furthermore, 
a raised CVP in a hypovolemic patient may be demon- 
strable only after the intravascular fluid volume has been 
at least partially reconstituted. 

Pulsus paradoxus is generally considered to be present 
in cardiac tamponade. However, in this series, it was ab- 
sent in 89% of the patients with proven tamponade. 

Cautious digital exploration of the tract of the chest 
wall wound was found to be of great help in assessing the 
direction of the tract, i.e., towards or away from the heart. 
No incidence of wound sepsis was recorded. 

No place was found for pericardiocentesis either as a 
diagnostic or therapeutic procedure. It was performed on 
10 cases and was falsely negative in eight. What one usu- 
ally finds after opening the pericardium is a large clot and 
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a small amount of unclotted blood or a semisolid coagù- 
lum. This explains the high incidence of false-negative 
aspirations. '*° Moreover, the procedure itself is not with- 
out danger. Various complications such as arrhythmias 
and coronary vessel tear may occur, especially when it is 
performed on a restless patient. A negative pericardiocen- 
tesis may give a false feeling of security with serious con- 
sequences. “Subxiphoid windows” have been advocated 
by some authors as diagnostic procedure for tamponade.>® 
I have never used the procedure, but I think that it is 
potentially dangerous with no clear benefit. If it is done 
under local anesthetic on a restless patient, it is a difficult 
procedure and massive exsanguination may occur by the 
time the surgeon is able to control the bleeding. If the 
procedure is done under general anesthetic, the incision 
of choice is a 20 cm median sternotomy rather than the 
10 cm laparotomy of the subxiphoid window. 

A portable chest x-ray or an ECG might be of some 
value. However, they should be performed only on fairly 
stable patients and no valuable time should be wasted. 

Median sternotomy was the preferred incision of open- 
ing the chest, although many authors prefer a left thora- 


‘cotomy. In the present series, the left thoracotomy was 


reserved only for the ER cases because it could be per- 
formed with minimal instruments. The advantages of the 
median sternotomy include a bloodless field, good ex- 
posure, less postoperative pain, and fewer pulmonary 
complications. 

If severe arrhythmia or cardiac arrest develops while 
the chest is open, a cardiac aspiration for air embolism 
should be performed immediately. Air embolism may be 
a complication of a cardiac wound (air tends to be sucked 
into the low pressure cardiac chambers and in the presence 
of hypovolemia) or of a lung wound. Often, air bubbles 
can be seen in the coronary vessels. This serious compli- 
cation has not been mentioned in previous studies. In the 
present series, a needle aspiration was performed on 25 
cases and a significant amount of air was aspirated in 
seven (28%). Four of these air embolism cases survived 
with no significant neurological defect. 

The management of a severed coronary vessel remains 
controversial, Some authors advocate ligation, suggesting 
that the patients who reach the hospital alive are unlikely 
to have developed significant ischemia due to this injury.®” 
In my opinion, the lack of significant myocardial ischemia 


.may be due to the fact that the ends of the transected 


vessel are usually in’ good approximation and there may 
still be some distal flow. Ligation of the artery may prove 
fatal. In one case in this series, the LADA was partially 
(two-thirds of the lumen) transected and the vessel was 
included in the myocardial suture. Immediately after this 
suturing, the patient developed severe arrhythmia and the 
monitoring ECG showed elevated ST segments. The of- 
fending suture was then removed, and a horizontal mat- 
tress suture was placed under the LADA. The vessel was 
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repaired with four interrupted sutures (7/0 Ti-cron) with 
the help of magnifying glasses, while the heart was beating. ` 
The heart recovered immediately, and the ECG returned 
to normal. After operation, there was no infarction. Some 
surgeons (personal communication) recommended repair 
of the artery after induction of cardiac arrest by lifting the 
heart. However, the already compromised myocardium 
is very unlikely to tolerate an arrest under normothermic 
conditions. It is suggested that the transected coronary 
artery should be managed as follows. Initially, a repair 
should be attempted using magnifying glasses with the 
heart beating. If this is technically impossible, ligation of 
the vessel should be performed and the heart should be 
watched for about 10 minutes. Ifno arrhythmia develops, 
the operation is completed. If arrhythmia occurs, the su- 
ture should be removed and light pressure should be ap- 
plied over the vessel until cardiac bypass can be arranged. 
The mortality of patients subjected to ER thoracotomy 
was very high (94%). This is in contrast with other series 
that recorded survivals up to 36%.*"'° It seems that the 
results in the various series cannot be compared because 
the indications for ER thoracotomy are different, and this 
makes the interpretation of survival figures difficult. Some 
authors advocate ER thoracotomy when the systolic pres- 
sure remains below 60 mmHg for 5 to 10 minutes, despite 
treatment.!! Others suggest ER thoracotomy if acute de- 
terioration occurs.' In the present series, it was performed 
only at the absence of normal cardiac sounds. Unrecord- 
able or low BP was not an indication for ER thoracotomy. 
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An in vivo platelet imaging system utilizing indium-111-labeled 
platelets and technetium-99m-labeled red cells was used to se- 
rially study and compare platelet deposition on autologous ex- 
ternal jugular vein grfts, autologous arterial grafts, polytetraflu- 
oroethylene (Gore-tex®) and two Dacron® (Meadox and USCI) 
small diameter (4 mm) vascular grafts implanted end-to-end in 
canine carotid and femoral arteries. This method of quantitating 
platelet deposition was validated by correlating deposition mea- 
sured in vivo with deposition measured directly on explanted 
grafts (r = 0.94, p < 0.01). Platelet accumulation on all grafts 
was greatest immediately after implantation and declined over 
time. None of the artery or vein grafts thrombosed, and they had 
the lowest level of platelet deposition at all times. Platelet de- 
position on Gore-tex grafts was significantly less than on USCI 
Dacron grafts from 24 hours to 1 month after implantation. There 
was no statistical difference in 1-month patency among the syn- 
thetic graft groups. Synthetic grafts that thrombosed during the 
first month accumulated significantly more platelets immediately 
after operation than did those grafts that remained patent. Patent 
Dacron grafts with low levels of platelet deposition had less 
thrombotic debris at explantation on the luminal surface than 
did those grafts with high levels of platelet deposition. Differences 
in initial platelet deposition appeared to be more a function of 
platelet reactivity within each dog rather than the material used 
in graft construction. 


ing cardiac and peripheral vascular reconstruction 

is dependent on a patent vascular graft. Unfor- 
tunately, many of the available prostheses, both biologic 
and synthetic, lack the necessary characteristics to main- 
tain long-term function. Many factors have been impli- 
cated in the genesis of graft failure, including errors in 
surgical technique, the native thrombogenicity of the graft 
material, the cleanliness and morphology of the surface, 
hemodynamic alterations in blood flow, and a mismatch 


Pires RELIEF of ischemic symptoms follow- 
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of the mechanical properties of the graft and artery. De- 
spite extensive attempts to manipulate each of these fac- 
tors, only modest improvements in long-term graft pa- 
tency have been achieved in animals and man. 

Recent evidence suggests that the platelet may play an 
important role in graft failure and that platelet deposition, 
if excessive, may result in acute graft thrombosis or pro- 
mote late graft failure through the stimulation of anas- 
tomotic neointimal fibrous hyperplasia.'~> To define fur- 
ther the role of platelets in graft thrombosis, we employed 
HIn-labeled platelets and °°™Tc-labeled red cells in a dual- 
isotope imaging system and now report our experience 
using this technique to image and quantitate platelet de- 
position on small diameter arterial grafts implanted into 
dogs. Specifically, our efforts were directed toward as- 
sessing the accuracy of this system in quantitating platelet 
deposition, how platelet deposition varies as a function 
of the type of prosthesis and duration of implantation, 
and the effect of platelet deposition on graft patency. 


Materials and Methods 
Selection and Description of Graft Material 


Autologous external jugular vein grafts (N = 10), au- 
tologous carotid and femoral arterial grafts (N = 8), ex- 
panded polytetrafluoroethylene (Gore-tex®) (N = 26), and 
two Dacron® velour grafts, USCI (N = 17) and Meadox 
(N = 14), were chosen for platelet deposition studies. All 
grafts were 5 cm long; synthetic grafts had an internal 
diameter of 4 mm. The internal diameter of vein grafts 
ranged from 5-7 mm. Autologous artery grafts were 2-4 
mm in internal diameter. USCI grafts (C. R. Bard, Inc., 
Billerica, MA) were composed of weft knit noncrimped 
external velour Dacron (internal pile height 0.12 mm, 
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external pile height 0.25 mm, wall thickness 0.5 mm, 
mean water porosity 1900 ml/min/cm?). The Microvel® 


Meadox grafts (Meadox Medicals, Inc., Oakland, NJ) were. 


made of noncrimped knitted Dacron velour (internal pile 
height 0.19 mm, external pile height 0.36 mm, wall thick- 
ness 0.83 mm, mean water porosity 1900 ml/min/cm?). 
Gore-tex expanded polytetrafluoroethylene grafts (W. L. 
Gore and Associates, Inc., Flagstaff, AZ) had a wall thick- 
ness of 0.61 mm, internodal fiber length of 22 microns, 
and were nonporous to water at a pressure of 300 mmHg. 


Surgical Technique 


Nineteen mongrel dogs, weighing 20 to 30 kg (8 male, - 


11 female), were used. Anesthesia was obtained with in- 
travenous (IV) administration of pentobarbital at an initial 
dose of 30 mg/kg. Smaller doses were given at intervals 
as needed. Each animal was intubated, placed on a Har- 
vard respirator, and given IV lactated Ringer’s solution 
containing 5% dextrose at 15 ml/kg/br. After the neck 
and groin were aseptically cleaned, the carotid and femoral 
arteries were exposed bilaterally and mobilized over a 10 
cm distance. External jugular veins were harvested uni- 
laterally from 10 dogs and placed in cold saline solution 


„prior to autologous grafting. Autologous carotid and fem- 


oral artery grafts from two dogs were similarly harvested 
and immediately implanted as described below. Both 
USCI and Meadox grafts were preclotted using the four- 
step method of Sauvage.* Gore-tex grafts were kept dry 
until implantation. After IV heparin administration (100 
units/kg), the grafts were implanted into the carotid and 
femoral arteries end-to-end with 7-0 Prolene® (Ethicon, 
Inc., Somerville, NJ) by one surgeon using the triangu- 
lation technique of Carrel. The order in which grafts were 
implanted was varied randomly. Thirty-eight grafts were 
implanted in the femoral position (12 Gore-tex, 9 Meadox, 
10 USCI, 4 artery, and 3 vein grafts). The carotid position 
contained 37 prostheses (14 Gore-tex, 5 Meadox, 7 USCI, 
4 artery, and 7 vein grafts). One dog received only three 
grafts. Blood flow was restored to all arteries simulta- 
neously 15 minutes after injection of '!"In-labeled plate- 
lets. Labeled red cells were infused after wound closure 
(1 to 1.5 hours after administration of labeled platelets). 
Antibiotics (cefamandole 250 mg, Eli Lilly and Co., In- 
dianapolis, IN) were administered. before operation, at 
the end of the imaging procedure, and once daily for 2 
days. Graft patency was assessed weekly by palpation, 
Doppler examination (Parks Model 1010, Parks Elec-- 
tronics Laboratory, Beaverton, OR), and, in some exper- 
iments, by digital intravenous angiography. 


Scintigraphic Imaging and Analysis 


Prior to induction of anesthesia, 25.9 ml of blood was 
collected from each dog in a syringe containing 4.1 ml of 
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modified acid-citrate-dextrose (ACD) solution (E. R. 
Squibb and Sons, Inc., Princeton, NJ). Platelets were iso- 
lated and labeled with '!'In-8-hydroxyquinoline as de- 
scribed by Heaton and associates.® Autologous red cells 
were obtained from the same sample of blood used for 
platelet isolation and labeled with °™Tc by a modification 
of the method described by Schwartz and associates.’ 
After infusion of labeled platelets (300 to 600 pCi) and 
red cells (1-2 mCi), the animals were positioned under a 
large field-of-view scintillation camera (Searle Radio- 
graphics, Des Plains, IL), fitted with a medium-energy, 
parallel-hole collimator, and interfaced to a digital com- 
puter (model V-76, Varian Data Machines, Palo Alto, 
CA). Single channel analyzers on the camera were adjusted 
to the 140 KeV. photopeak of ®Tc and 247 KeV pho- 
topeak of !!'In. Separate 100,000 count images of the ca- 
rotid and femoral regions at each photopeak were col- 
lected, digitized, and stored in the computer for later pro- 


cessing. All animals were imaged 2 hours after graft 


placement and again at 24 hours, after injection of a sec- 
ond dose of labeled red cells. At 2 weeks ahd 1 month, 
dogs were similarly studied 24 hours after platelet infusion. 
Dogs surviving beyond 1 month were imaged at 2 months 
and then at varying intervals up to 9 months after im- 
plantation. 

Quantitation of platelet deposition on each graft was 
accomplished with a dual-isotope subtraction method 
previously described by Powers and colleagues.® It was 
assumed that, in the region of the graft (ROG), the scin- 
tigraphically measured radioactivity from !!'In-labeled 
platelets (Ingog) was equal to the activity associated with 
labeled platelets in the circulating blood pool (Ingp) plus 
the excess activity associated with any platelets adherent 
to the vascular graft or adjacent arterial wall (IE). 


Inpro = Ingp + IE. 


Using a nonmanipulated artery in the same field of 
view and body plane (subclavian or distal femoral artery 
for carotid or femoral grafts respectively) as a reference 
region (REF), we determined the normal ratio in each 
region of 'In activity to ™Tc activity (Inggr/TCrer). 
Ingp in the region of the graft was calculated by multiplying 
the measured *°™Tc-red cell activity in the region of the 
graft (Tcpog) by the ratio of '!"In activity to °™Tc activity 
in the reference region. 


. Ingp = TCrog (Itper/TCrer). 
TE was then derived as: 
IE = Inpgog — Ingp. 
IE was expressed as a percentage of Ingp such that 
SIE = (Ingog — Ingp)/Inpp X 100. 
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TABLE 1. Patency Versus Time Postimplantation 











Artery Vein Gore-tex Meadox USCI 
Time of Graft Carotid Femoral Carotid Femoral Carotid Femoral Carotid Femoral Carotid Femoral 
Thrombosis (N = 4) (N = 4) (N = 7) (N = 3) (N = 14) (N = 12) (N = 5) (N = 9) (N = 7) (N = 10) 
0-24 hours 0 0 0 0 i I 0 0 0 3 
24 hours-2 weeks 0 0 0 0 4 2 t 4 2 l 
2 weeks—1 month 0 0 0 0 2 2 l 2 0 I 
Patency ({ month) 100% 100% 54% 43% 59% 





One-month patency and the interval during which graft thrombosis occurred. There was no statistical difference in patency among the synthetic grafts. 


Analysis of %IE data was performed after pooling results 
from the carotid and femoral regions for each type of 
graft. 


Platelet Aggregation Studies 


In vitro platelet aggregation studies were performed on 
13 animals. Blood (9 ml) was collected prior to anesthesia 
in | ml of 3.8% sodium citrate (pH 7.35). The blood was 
centrifuged at 1100 X g for 2 minutes to produce platelet- 
rich plasma (PRP). An aliquot of PRP was further cen- 
trifuged at 15,600 X g for 1 minute to produce platelet- 
free plasma (PFP). Aggregation studies were performed 
with a dual channel aggregometer (Payton Associates, 
Buffalo, NY) immediately after centrifugation. Light 
transmission was set 100% for PFP and 0% for each sample 
of PRP. Aggregation studies were performed with ara- 
chidonic acid (250 nM) (NuChek Prep, Inc., Elysian, MN) 
as a stimulus. Aggregation was expressed as per cent 
change in light transmission at 3 minutes. 


Graft Retrieval Studies 


Four dogs, all with three or more thrombosed grafts, 
were sacrificed during the first 2 weeks. Five dogs were 
sacrificed at | month, five dogs at 2 months, and five dogs 
at 3 to 9 months after graft implantation. Prior to sacrifice, 
the dogs were anesthetized as described, given IV heparin 
(100 units/kg), and the grafts removed. Explanted grafts 
were opened longitudinally, gently rinsed with normal 
saline and the lumenal surface photographed. The degree 
of neointimalization of the flow surface in 18 patent syn- 
thetic grafts (7 Gore-tex and 11 Dacron) was estimated 
by the calculating per cent thrombus-free surface (%TFS) 
as described by Kenny et al.” To determine the ability of 
this dual-isotope platelet imaging technique to accurately 
quantitate platelet deposition, 34 patent synthetic or au- 
tologous vein grafts studied 2 hours to 9 months after 
implantation during this study and a previous investiga- 
tion’ were explanted immediately after in vivo imaging. 
Explanted grafts were processed as above and placed ina 
scintillation counter (Beckman Model 8000, Beckman 
Instruments, Inc., Palo Alto, CA) where actual indium- 


associated platelet activity (IE, in vitro) was directly mea- 
sured. The amount of circulating indium activity (Ingp, 
in vitro) was similarly determined in a 5 ml sample of 
venous blood. %IE (in vitro) was then calculated by di- 
viding IE (in vitro) by the value for the blood pool activity 
that would be expected in the volume of blood contained 
within the graft (0.63 ml). The correlation between %IE 
measured ¿n vitro and in vivo was calculated by standard 
linear regression. Twelve patent synthetic grafts explanted 
3 to 9 months after implantation were fixed in 2.5% glu- 
turaldehyde in cacodylate buffer. These grafts were fixed 
in 1% osmium tetroxide for | hour. Each sample was then 
dehydrated in ascending grades of alcohol and critical- 
point dried. After the grafts were mounted and sputter 
coated with gold (125 A thick), a Philips 501 (Eindhoven, 
Netherlands) Scanning Electron Microscope was used to 
evaluate lumenal topography. 


Statistical Analysis 


The chi square test with Yates’ correction'! was used 
for comparison of graft patency rates and to determine 
the significance of differences between dogs in in vitro 
platelet aggregation studies. Statistical evaluation of %IE 
and %TFS data was performed using the Mann-Whitney 
rank test.” 


Results 
Patency 


None of the autologous vein or artery grafts in either 
the carotid or femoral positions failed during the entire 
study period (Table 1). There was a high rate of graft 
thrombosis (40-60%) among all the synthetic grafts. There 
was no difference in synthetic graft patency with respect 
to position (carotid or femoral). The 30-day patency rates 
were not significantly different between the synthetic 
groups. Sixty-three per cent of the synthetic graft failures 
occurred during the initial 2 weeks and 27% of the throm- 
boses occurred during the second 2 weeks after implan- 
tation. Ten dogs with 35 patent grafts were followed be- 
yond 1 month (12 Gore-tex, 4 Meadox, 7 USCI, 8 artery, 
and 4 vein grafts). Three grafts, in two dogs, failed after 
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1 month; one Meadox graft at 3 months; and 2 Gore-tex 
grafts at 6 weeks and at 3 months. 

Platelet Imaging 


Platelet scintiphotos of all grafts revealed that platelet 
deposition was greatest immediately after operation and 







Gore-tex 


~ 24 hrs Post -implant 


Gore-tex 









Gore-tex 


5mos Post-implant 


Fic. 1. Serial '''In-labeled platelet images of the femoral region of a dog 
studied at 24 hours, | month, and 5 months postimplant. On the left is 
a Gore-tex graft (small arrows) and on the right a USCI graft (large 
arrows). Note that platelet deposition is greater on the USCI graft at all 
times. Deposition is initially uniform over the length of both prostheses 
but appears to localize to the midportion of the grafts on subsequent 
images. 
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Fic. 2. Blood pool image with °™Tc-labeled red cells from the femoral 
region of a dog 2 weeks after graft placement. Blood pool activity is 
noted in the vein graft (large arrow) on the right but is not seen on the 
left (small arrow) indicating graft thrombosis. 


initially appeared uniform over the entire length of the 
prostheses. Serial images of platelet deposition on syn- 
thetic grafts indicated that platelet deposition gradually 
became localized to the midportion of the grafts with less 
deposition at the anastomoses (Fig. 1). The °"Tc-red cell 
images were helpful in evaluating patency and correlated 
well with the presence of antegrade pulsations or pulsatile 
Doppler signals in the grafts (Fig. 2). 


Quantitation of Platelet Deposition 


The correlation of %IE measured in vitro and in vivo 
is shown in Figure 3 (r = 0.94, p < 0.01). Platelet depo- 
sition, as measured by %IE, in carotid and femoral grafts 
is shown in Fig. 4. Deposition on all grafts was highest 
immediately after implantation and then decreased over 
time, with the greatest decline in platelet deposition oc- 
curring during the interval from 24 hours to 2 weeks. 
Vein and artery grafts accumulated fewer platelets than 
synthetic grafts at all time points. The deposition on Gore- 
tex grafts was consistently less than on either of the Dacron 
grafts up to 2 weeks following implantation and remained 
less than on USCI grafts even at 2 months. After 2 weeks 
WIE on Meadox grafts decreased to values near those for 
Gore-tex and became consistently less than those obtained 
from USCI grafts. There was no significant difference in 
platelet deposition among any of the grafts with respect 
to position (7.e., femoral ys. carotid). 


322 ALLEN AND OTHERS 


500 


IE in vitro 


300 


% 


100 300 500 


% IE in vivo 


Fic, 3. Correlation of %IE measured in vivo and in vitro (N = 34). Both 
synthetic and autologous vein grafts were used in this ana! ysis. 


Statistical comparison of %IE on each type of graft at 
each time interval is shown in Figure 4. %IE at all imaging 
intervals was significantly less for artery and vein grafts 
when compared with that for the synthetic grafts except 
Meadox at 2 months. There was no difference in %IE 
between artery and vein grafts at any study point. Platelet 
deposition on Gore-tex grafts was statistically less than 
on USCI grafts during the interval from 24 hours to 1 
month. Gore-tex grafts accumulated significantly fewer 
platelets than the Meadox grafts only at 24 hours. There 
was no difference in platelet deposition on Meadox and 
USCI grafts at any imaging interval. 

To determine what effect early platelet depcsition had 
on l-month patency, grafts patent or thrombosed at | 
month were compared in terms of their 2-hour and 24 
hours postimplant %IE (Table 2). Synthetic grafts that 
thrombosed during the |-month study period accumu- 
lated two to three times more platelets on early platelet 
scintigrams than did those grafts that remained patent (p 
< 0.025 for all). Because of the high rate of early graft 
thrombosis, insufficient data were available to make a 
similar analysis at 2 weeks or | month. 

Nine dogs had 28 of the 31 synthetic grafts (90.3%) that 
were patent at | month. Twenty-four of the 26 grafts 
(92.3%) that thrombosed during the first month were in 
the remaining eight animals. This observation led us to 
examine several variables in these two subsets of animals 
(which we have labeled thrombosis-resistant and throm- 
bosis-prone, respectively). There were no differences be- 
tween the groups with respect to dog breed, age, sex dis- 
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tribution, duration of operation, diet, or medications. Ta- 
ble 3 shows these two groups of dogs compared in terms 
of graft patency and platelet deposition on vein and syn- 
thetic grafts. WIE on the synthetic grafts at 2 hours and 
24 hours after implantation in the group of thrombosis- 
prone dogs was 2-3 times greater than %IE on similar 
grafts in the thrombosis-resistant group. One-month pa- 
tency for each type of synthetic graft was significantly 
higher in the thrombosis-resistant group than in the 
thrombosis-prone group. There was no significant differ- 
ence between the two groups in either platelet deposition 
or patency (100%) for vein grafts. Patency rates for the 
different synthetic grafts within each of the subgroups were 
not significantly different. Three grafts thrombosed in the 
thrombosis-resistant group. One was infected and oc- 
cluded at 2 weeks, one was noted to be thrombosed on 
an angiogram done immediately after operation and the 
third had initially elevated %IE and thrombosed at 3 
weeks. 


SERIAL PLATELET DEPOSITION 
% INDIUM EXCESS 
(xt SEM) 

360 
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ARTERY 
280 [J VEIN 

E] GORE-TEX 
240 @ MEAD. 


6 usc! 


% INDIUM EXCESS 


SERIAL COMPARISON OF PLATELET DEPOSITION 
(% IE) ON EACH GRAFT TYPE 








2hr 24 hr 2 wk imo 2mo 
an 

ART: VEIN NS NS NS NS NS 
ART: GORE-TEX <.025 <.05 <.0005 <.025 O23 
ART: MEAD. <.025 <Q! <.005 <.025 NS 
ART: USCI 025 <.01 <.0005 <.0005 <.025 
VEIN: GORE-TEX | <.025 <.05 <.0005 <.025 025 
VEIN : MEAD. <.025 <.01 <.005 <.025 NS 
VEIN: USCI O25 <0 <.0005 <.0005 <.025 
GORE-TEX: MEAD. NS <.05 NS NS NS 
GORE-TEX:USCI NS <.025 <.01 <.005 NS 
MEAD- USCI IO NS NS NS NS NS 


Fic. 4. For each graft type, WIE (% Indium Excess (X + SEM)) was 
calculated after combining data from the carotid and femoral regions. 
Statistical comparisons of %IE data are shown in the table. 
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TABLE 2. Early-Platelet Deposition Versus 1-Month Patency 
WIE (X + SEM) 
Time Patent Thrombosed 
Gra postimplant (1 month) N) (1 month) N) Significance (p) 

Artery 2hr 5148 8 None — 

24 hr 48 + 16 8) None . — 
Vein 2hr 98 + 26. 8 None — 

24 hr 63 + 19  & None z 
Gore-tex 2hr 11811 a 271 +48 <0.0005 

24hr 89 + 14 (14) 211 +32 (12) =0.001 
Meadox 2hr 178 + 54 é 382 + 39 =0.025 

24 br 101 + 28 - 6) - 307 +53 (8) =0.001 
USCI 2hr 184 + 37 i 413 + 33 =0.005 

24 br 177 + 38 (10) 335 + 70° o) =0.025 





Grafts patent or thrombosed at 1 month compared in terms of their 2-hour and 24 hours postimplant %IE. 


Seven of the 13 dogs that received in vitro platelet ag- 
gregation studies were in the thrombosis-resistant group. 
Aggregation of platelets in response to arachidonic acid 
was not noted in any of these dogs. Platelets from four of 
the six dogs in the thrombosis-prone group aggregated on 
exposure to the stimulus. Arachidonic acid failed to stim- 
ulate platelet aggregation in the other two dogs from this 

group. This difference in response to arachidonic acid be- 
tween the two groups was statistically significant (p 
< 0.02). 


Evaluation of Explanted Grafts 


- Gross examination of grafts explanted during the first 
month postimplant indicated that the predominant cause 
of occlusion was an amorphous thrombus that was more 
adherent to the suture lines than to the body of the graft 
(Fig. 5). All of the synthetic grafts explanted after 1 month 
demonstrated varying degrees of a perianastomotic 
neointimal fibrous ridge. Two of the three synthetic graft 
failures occurring after 1 month were thought to be a result 


“© of this anastomotic hyperplastic reaction (Fig. 6). Two 


vein grafts had gross evidence of anastomotic neointimal 
fibrous hyperplasia (ANFH), one explanted at 1 month 
and another at 9 months after implantation. Interestingly, 
the vein graft explanted at 1 month had evidence of 
marked platelet deposition at the anastomosis on the 2- 
week platelet image (Fig. 7). None of the autologous artery 
grafts exhibited significant perianastomotic irregularities. 

Formation of a neointimal pannus growing across each 
anatomosis was noted in patent synthetic grafts explanted 
after 2 weeks, and was more developed in grafts implanted 
for 2 months or longer (Fig. 8). The degree of neointimal 
coverage as estimated by STFS varied among the grafts, 
but no prostheses demonstrated complete neointimaliza- 
tion (Table 4). Patent Gore-tex grafts generally had higher 
values for %TFS at explanation than did Dacron 
prostheses, but these differences were not statistically sig- 
nificant. The level of platelet deposition (%IE) between 
these two groups of grafts was significant (p < 0.05). The 
value for %IE in the Dacron grafts ranged from 5 to 226. 
The Gore-tex grafts in this group had a %IE that varied 
from 0 to 42%. To further evaluate the influence of neoin- 


TABLE 3. Platelet Deposition and Patency in Thrombosis-Prone Versus Thrombosis-Resistant Dogs 


IE (X + SEM) 
; Thrombosis- Thrombosis- 
Graft Time Postimplant Prone . Resistant Significance (p) 
Vein 2h 112+ 40 79 + 37 N.S. 
- 24h 62 + 28 63 + 31 N.S. 
Patency (1 month) 100% (5/5) 100% (5/5) N.S. 
Gore-tex 2h 296 + 46 110+ 11 <0.0005 
24h 211 + 32 81+ 14 =0,001 
Patency (1 month) 8% (1/12) 93% (13/14) <0.00! 
Meadox 2h 382 + 17 169 + 46 =0.05 
24h 317+ 60 114 + 26 =0.001 
Patency (1 month) 0% (0/7) 86% (6/7) <0.001 
USCI 2h 413 + 33 196 + 40 <0.005 
24h 335 + 70 177 + 38 <0.025 
Patency (1 month) 14% (1/7) 90% (9/10) <0.001 


Thrombosis-prone dogs were defined as having two or more occluded vein grafts had similar levels of platelet deposition and patency in both 


synthetic grafts at 1 month postimplant. The patency rates for the syn- 
thetic prostheses within each group were not significantly different. Only 


groups. 
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FIG. 5. A Gore-tex graft that thrombosed 1 week following implantation. 
Blood flow is toward LF. Arrows indicate the anastomotic regions where 
adherent, gelatinous thrombi are seen occluding the lumen. 


timal coverage (%TFS) on %IE, the Dacron grafts were 
arranged according to a %IE greater than 50 or less than 
50. These two groups of grafts were then compared to 
one another and to Gore-tex grafts in terms of platelet 
deposition (%IE) and neointimalization (%TFS) (Table 
5). The Dacron prostheses with a %IE greater than 50 at 
explanation had significantly lower values for %TES when 
compared to Gore-tex or to Dacron grafts with a %IE less 
than 50 (p < 0.01 and p < 0.005, respectively). There was 
no significant difference in %IE or %TFS between Gore- 
tex grafts and those Dacron grafts with a %IE less than 
50. Scanning electron microscopic evaluation indicated 
the neointimal pannus areas to be composed of regularly 
arranged smooth sheets of endothelial cells while the mid- 
portion of the grafts were nonendothelialized and con- 
tained fibrin, red cells, and platelet aggregates (Fig. 9). 


Discussion 


Platelet tracing techniques have been instrumental in 
elucidating the platelet’s role in arterial thrombosis. Early 
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investigations most commonly used chromium-51 as a 
platelet label to study platelet survival and ex vivo platelet 
deposition on biologic and synthetic surfaces.'? However, 
these methods required large volumes of blood for platelet 
labeling and were limited by the inability to image in vivo 
the low-abundance gamma photon of chromium-51. The 
use of indium-111 as a platelet label has greatly facilitated 
the in vivo study of the dynamic interaction between 
platelets and various types of vascular surfaces. Using 
platelet imaging techniques, several investigators recently 
have documented that deposition of '''In-labeled platelets 
on arterial grafts is increased when compared with native 
vessels of the same caliber and that it can be reduced with 
platelet inhibitory drugs.'*!5 

To study objectively the effects of platelet inhibitors on 
platelet function in vivo and to compare platelet deposition 
on various types of vascular grafts, several methods of 
quantitating platelet deposition have been developed, but 
the accuracy of these techniques has yet to be proven. 
Platelet deposition measured by the dual-isotope platelet 





Fic. 6. A Gore-tex graft that thrombosed at 3 months. Bottom arrow 
indicates proximal anastomosis. An occlusive white fibrous ridge (top 
arrow) is present just beyond the distal anastomosis and appeared to 
cause graft failure. 
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Fic. 7. Anastomotic ridges 
found in an autologous jug- 
ular vein graft explanted at 
1 month correspond in lo- 
cation to areas of increased 
platelet deposition seen on 
the 2-week platelet image. 
Platelet scintigram at | 
month indicated no areas of 
excessive platelet deposition. 


imaging method used in these studies correlated well with 
actual platelet deposition assessed by standard in vitro 
methods, thus allowing valid animal to animal compar- 
isons with respect to graft type, location, and time after 
implantation. Additionally, blood pool images obtained 
with °™Tc-labeled red cells provided valuable information 
regarding patency in the carotid femoral regions. The lack 
of significant differences in platelet deposition between 
similar prostheses in the carotid or femoral artery position 
was not unexpected since both are similar in blood flow 
and size in the large dogs used in these studies.'*!’ External 
motion about the graft is a potential difference in these 
two locations. However, the grafts were relatively short 
in length (5 cm), and the femoral grafts were placed below 
the inguinal ligament where stretching or kinking of the 
graft should be minimized. 

Restoration of arterial flow through the grafts after in- 
fusion of radiolabeled platelets resulted in extravasation 
of some radioactivity into the surgical wound and on the 
external surface of the grafts. The contribution of this 
extralumenal activity to the measured level of platelet de- 
position has not been well documented. The amount of 
platelet deposition found in the arterial autograft group 
reflects the background platelet activity produced by mo- 
bilizing, dividing, and anastomosing an artery. We found 
that the degree of excess platelet deposition produced in 
the arterial autografts was minimal when compared to 
the synthetic graft groups. This confirms that the elevated 
value for %IE found in these synthetic grafts primarily 
results from excess platelet deposition on the flow surface 
and not in the surgical wound. 
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Serial images of platelet deposition on synthetic grafts 
suggested that platelet deposition gradually became more 
prominent in the midportion of the grafts and was rela- 
tively less at the anastomoses. This localization of platelet 
deposition roughly corresponded with the time needed 
for anastomotic neointimal pannus ingrowth (1 to 2 
months). Scanning electron microscopy indicated this 
pannus to be composed of endothelial cells while the 
midportion of the graft was lined with thrombotic debris. 
The reduction of platelet deposition on the pannus may 
be related to prostacyclin or thromboxane production by 
the surface endothelial cells as demonstrated in our lab- 
oratory and by the investigations of Clagget and col- 
leagues. '®:'° 

None of the synthetic grafts examined in the present 
study demonstrated complete neointimal coverage of the 
lumenal surface. The degree of neointimalization varied 
among the grafts but in all cases we found that a significant 
portion of the flow surface was composed of adherent 
microthrombi. We have noted in previous investigations 
that the percentage of thrombus-free surface (%TFS) is a 
significant determinant of platelet deposition.” The ob- 
servations in this project confirm our previous findings 
indicating that those patent Dacron grafts with a %IE <50 
have a %TFS that is significantly greater than those 
prostheses with a %IE >50. Although all of the patent 
Gore-tex grafts evaluated for % TFS had values of %IE less 
than 50, we did not find significant differences in %TFS 
when comparing Gore-tex grafts with the entire Dacron 
graft group. However, when the Gore-tex grafts were 
compared to those Dacron grafts with a %IE greater than 
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Fic. 8. A Meadox graft explanted at 3 months. The portions of the graft 
near each anastomosis have been covered by neointimal pannus ingrowth 
(small arrows). The midregion of the graft is lined by red microthrombi 
(large arrow). %TFS = 52. 


50, we noted significant differences in both platelet de- 
position and thrombus-free surface, further supporting 
our impression that %TFS strongly influences platelet de- 
position, The fact that a subgroup of the Dacron grafts 
had values of platelet deposition and thrombus-free sur- 
face similar to those of Gore-tex grafts indicates that fac- 
tors other than graft material or design are important in 


TABLE 4. Platelet Deposition Versus Thrombus-Free Surface 
in Patent Synthetic Grafis 











GRAFTS 
Dacron Gore-tex 
N= 11 N=7 Significance 
%TFS $1.6 + 8.9 70.1 + 9.4 N.S 
PIE 58.2 + 19.5 13.7 + 3.3 p < 0.05 





K + SEM. 

Dacron and Gore-tex grafts compared in terms of thrombus-free surface 
(%TFS) at explanation and platelet deposition (%IE) immediately prior 
to explanation. 
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platelet deposition and the development of a neointima. 
The duration of implantation was not significantly dif- 
ferent among any of the grafts evaluated for %TFS. The 
in yitro platelet reactivity did not seem to influence the 
% TFS; however, the numbers of grafts examined were too 
small to draw meaningful conclusions. The influence of 
persistently high levels of platelet deposition on long-term 
patency is unknown. 

Christenson and workers reported that when platelets 
were infused prior to the re-establishment of blood flow, 
platelet deposition on PTFE grafts in canine carotid and 
femoral arteries peaked soon after cross clamp release and 
then declined.*! Our data confirm this observation and 
indicate that platelet deposition on Dacron, autologous 
artery, and vein grafts follows the same pattern. The de- 
cline in '''In activity on the grafts during the first 24 hours 
following implantation suggests that platelet adherence to 
the graft is not irreversible. Embolization of large platelet 
aggregates present at the graft surface may be partly re- 
sponsible for these findings. However, we saw no evidence 
of platelet emboli in the distal vasculature on the platelet 
images. 

A major goal of these investigations was to determine 
the significance of platelet deposition on graft function. 
Although platelet deposition was elevated on all grafts 
immediately after implantation, grafts that thrombosed 
during the first month initially accumulated two to three 
times more platelets than did those that remained patent. 
These findings emphasize the critical role of the platelet 
in the thrombosis of small diameter arterial prostheses 
and suggest the potential value of this dual-isotope platelet 
imaging technique in predicting which prostheses are at 
risk for failure. Only the vein or artery grafts had consis- 
tently low values for %IE and acceptable patency rates. 
Fonkalsrud and associates have shown that the endothelial 
cell damage associated with vein harvesting is repaired 4 
to 10 days after implantation.” The low values for %IE 
on artery and vein grafts at 2 weeks corresponds well with 
these data, indicating that the endothelial surface has be- 
come functionally competent and can resist significant 
platelet deposition. The patency rates for Gore-tex and 
USCI grafts were similar in spite of values for %IE from 
24 hour to | month that were significantly higher on USCI 
grafts. While there are other differences in these grafts 
that may influence patency, these data suggest that there 
may be a critical level of platelet deposition, unique to 
each type of prosthesis, above which thrombosis is likely. 
When evaluating the entire group of dogs, we were unable 
to demonstrate a significant difference in platelet depo- 
sition on Meadox grafts versus Gore-tex or USCI after 24 
hours. We suspect that Meadox grafts, because of their 
similarity in construction, have a platelet affinity com- 
parable to USCI. Our inability to demonstrate a difference 
in platelet deposition between Gore-tex and Meadox grafts 
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TABLE 5. Platelet Deposition Versus Thrombus-Free Surface in Patent Synthetic Grafis 




















Grafts 
Dacron 
; (A) (B) Gore-tex Significance 
; WIE < 50 %1E > 50 à 
N=6 N=5 N= A:B A:C B:C 
%TFS 74.0 + 5.7 24.8 + 7.8 70.1 + 9.4 p < 0.005 N.S. p < 0.01 
WIE 16.8 + 4.1 108 + 30.5 13.7 + 5.3 p = 0.0025 N.S. p = 0.0025 
X + SEM. compared in terms of %IE and %TFS to one another and to Gore-tex 


Because of the variability in platelet deposition on Dacron grafts, they 
were divided according to a %IE greater than 50 or less than 50 anc 


was probably due to the high rate of early graft failure 
that left only six Meadox grafts available for comparison 
at | month versus 14 for Gore-tex. 

Blood flow, a factor known to be important in platelet 
deposition was not measured in this study. Others have 
shown that thrombosis of small diameter grafts in humans 
can result when blood flow falls below 70 ml/min.” Since 

` blood flow in the carotid and femoral arteries of dogs of 
the size used in these studies is greater than 100 ml/min, 
we doubt that this was a major factor in graft occlusion. 
Additionally, Christenson and associates have reported 
that platelet deposition on PTFE grafts that eventually 
fail is elevated prior to a reduction in blood flow.! 

The identification of thrombosis-prone and thrombosis- 
resistant dogs was not a planned objective of this project. 
However, we and others have noted in many studies using 
dogs with multiple synthetic grafts of varying types that. 
if one graft thrombosed, the other grafts in that animal 
would probably occlude as well.”4 Conversely, in other 
dogs, prostheses of any type rarely failed during the first 
month. Thus, it appeared that vascular graft occlusion 
was more related to the thrombogenic response of the dog 
rather than the material or manufacturing process used 
in graft production. In our investigations and those re- 
ported by others, only autologous tissue (arterial or ve- 
nous) or synthetic grafts used in conjunction with platelet 
inhibitors or endothelial cell seeding techniques have en- 
joyed consistently high patency rates.”*-** Data from this 
study support the impression that some dogs are throm- 
bosis-prone while others are thrombosis-resistant and 
suggest that in vivo platelet deposition studies can distin- 
guish these two groups. Significant differences between 
the groups were also noted in the in vitro platelet response 
to arachidonic acid. More extensive platelet function 
studies are needed to fully characterize the platelet reac- 
tivity of each dog, but our findings do indicate that such 
in vitro platelet studies may be important in identifying 
before operation those dogs that are thrombosis prone. 
Even though the thrombogenic response of the dog may 
have a greater influence on platelet deposition than does 


grafts (all Gore-tex grafts evaluated for %TFS had a %IE less than 50). 


graft material or construction, the importance of graft 
design is apparent in that platelet deposition in the 
thrombosis-resistant dogs was greater 24 hours following 
implantation on Meadox and USCI grafts when compared 
to Gore-tex (p < 0.05 and p < 0.01, respectively). These 
differences in platelet deposition appear to have little effect 
on !-month patency. Their significance with respect to 
long-term graft function is unknown. 

Dogs in the thrombosis-prone group were responsible 
for 92.3% of the occlusions seen at | month in both groups. 
All of these failures were the result of thrombotic material 





Fics. 9A and B. Scanning electron micrographs demonstrating endothelial 
cells on the surface of the perianastomotic pannus (4), while the center 
of the graft is covered by fibrin, red cells, and platelet aggregates (B) 
(X320). 
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that had accumulated primarily at the anastomoses. In 
humans, this mechanism of thrombosis appears mest im- 
portant in acute graft failures while anastomotic neoin- 
timal fibrous hyperplasia (ANFH) is thought to be re- 
sponsible for late occlusions. We noted gross evidence of 
ANFH only in grafts explanted after | month (primarily 
from the thrombosis-resistant group), and it was thought 
to cause only two graft failures—both of which were in a 
thrombosis-resistant dog and failed at 3 months after im- 
plantation. We speculate that ANFH occurs more com- 
monly in the thrombosis-resistant dogs. The hemostatic 
systems of these dogs does not promote early graft failure, 
thus allowing time for ANFH to develop. In contrast, 
dogs with thrombosis-prone hemostatic systems quickly 
occlude vascular grafts with thrombotic material before 
significant ANFH forms. Preoperative identification of 
thrombosis-prone and thrombosis-resistant dogs may 
provide a better understanding of these two mechanisms 
of vascular graft thrombosis and what factors, such as 
platelet deposition, are important in their development. 
In summary, we have documented the ability of dual- 
isotope platelet scintigraphy to accurately quantitate 
platelet deposition on vascular grafts. Platelet deposition 
in the surgical wound is minimal when compared to that 
found on synthetic prostheses and does not significantly 
influence the calculation of %IE. Thé degree of early 
platelet deposition critically influences the | to 2 month 
patency rate of any synthetic arterial prosthesis. Platelet 
deposition varies inversely with neointimalization. Initial 
platelet deposition appears to be more related to the 
thrombogenic response of the dog than to the type of ma- 
terial used in graft construction. These differences in ca- 
nine platelet reactivity may account for the variability in 
both patency and the incidence of ANFH among pub- 
lished reports involving small diameter vascular grafts. 
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conditions occurring in greater than 1% of ‘Monocid’-treated patients were: 
Injection Site Phenomena (5.7%): Pain and/or discomfort on injection; less often, 
burning, phlebitis at I.V. site. 
Increased Platelets (1.7%). 
Increased Eosinophils (2.9%). 
Liver Function Test Alterations (1.6%): Increased alkaline phosphatase, increased 
SGOT, increased SGPT, increased GGTP, increased LDH. 
Less frequent on-therapy conditions occurring in less than 1% of ‘Monocid’-treated 
patients were: 
Hypersensitivity Reactions: Fever, rash, pruritus, erythema, myalgia and 
anaphylactoid-like type reactions have been reported. 


Hematology: Decreased WBC, neutropenia, thrombocytopenia, positive Coombs’ 

test. 

Diarrhea. 
DOSAGE AND ADMINISTRATION 
General 
The usual adult dosage is 1 gram of ‘Monocid’ given once every 24 hours, intra- 
venously or by deep intramuscular injection. Doses in excess of 1 gram daily are 
rarely necessary; however, in exceptional cases dosage of up to 2 grams given 
once daily have been well tolerated. When administering 2 gram Í.M. doses once 
daily, one-half the dose should be administered in different large muscle masses. 
Surgical Prophylaxis 
When administered one hour prior to appropriate surgical procedures (see Indications 
and Usage), a 1 gram dose of ‘Monocid’ provides protection from most infections due 
to susceptible organisms throughout the course of the procedure and for 
approximately 24 hours after administration. Intraoperative and postoperative 
administration of ‘Monocid’ is not necessary. Daily doses of ‘Monocid’ may be 
administered for two additional days in patients undergoing prosthetic arthroplasty 
or open heart surgery. 
In cesarean section ‘Monocid' should be administered only after the umbilical cord has 
been clamped. 


General Guidelines for Dosage of ‘Monocid’, I.V. or I.M. 

















Type of Daily Dose 

Infection (grams) Frequency 
Uncomplicated Urinary Tract 0.5 once every 24 hours 
Mild to Moderate 1 once every 24 hours 
Severe or Life-Threatening ar once every 24 hours 
Surgical Prophylaxis 1 1 hour preoperatively 





“When administering 2 gram I.M. doses once daily, one-half the dose should be administered in 

different large muscle masses. 
Impaired Renal Function 
Modification of ‘Monocid’ dosage is necessary in patients with impaired renal 
function. Before prescribing, consult Dosage and Administration section of complete 
prescribing information. 
HOW SUPPLIED 
‘Monocid’ is supplied in vials equivalent to 500 mg. and 1 gram of cefonicid; in 
“Piggyback” Vials for I.V. admixture equivalent to 1 gram of cefonicid; and in 
Pharmacy Bulk Vials equivalent to 10 grams of cefonicid. 
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Continuous Venous Oximetry in Surgical Patients 
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LOREN D. NELSON, M.D. 


A prospective study was performed to evaluate the efficacy of 
continuous venous oximetry to supplement traditional hemody- 
namic monitoring in 39 critically ill surgical patients. There was 
no statistically significant difference in SvO, between the’ con- 
tinuous in vivo values and in vitro values (0.694 + 0.095 ps. 
0.698 + 0.108). There was no statistically significant correlation 
-between continuously measured SvO, and PaO, (r = 0.09, p 
ds 0.5), SaO, (r = 0.08, p > 0.5), or oxygen consumption (r 
= 0.46, p > 0.5). There was a slight but statistically significant 
correlation between continuously measured SYO, and cardiac 
output (r = 0.40, p < 0:025) and oxygen delivery (r = 0.49, p 
< 0.005). There was a highly significant correlation ‘between 
continuously measured SvO, and oxygen utilization coefficient 
(r = —0.96, p < 0.001). Continuously measured SvO; is a reliable 
predictor of SYO, measured intermittently by in vitro methods. 
In critically ill surgical patients, SYO, does not correlate highly 
with the individual determinants of oxygen transport but rather 
correlates with the oxygen utilization coefficient and therefore 
reflects the overall balance between oxygen consumption and 
delivery. 


ONTINUOUS in vivo venous oximetry has been 
F suggested to be a reliable indicator of “combined 
cardiorespiratory functțion.”! Recent clinical re- 
ports using continuous SvO, mieasurements have vali- 
dated these measurements in a variety of patient popu- 
lations.™* The purpose of this report is to evaluate the 
correlation between continuously measured: SvO, and 
standard in vitro measurements of SvO, and to compare 
continuously méasured SvO, with the oxygen transport 
parameters of arterial oxygen saturation, cardiac output, 
oxygen delivery, oxygen consumption, and oxygen utili- 
zation coefficient in a group of critically ill patients who 
have undergone major surgical procedures. 
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Methods 


Thirty-nine patients admitted to the Surgical Intensive 
Care Unit at the University of Miami/Jackson Memorial 
Medical Center who had sustained trauma or undergorie 
a major noncardiac surgical procedure and required he- 
modynamic monitoring wére studied. The primary sur- 
gical diagnosis, initial SvO., and indication for hemo- 
dynamic monitoring are shown in Table 1. All patients 
had a Shaw Opticath flow-directed pulmonary catheter - 
(Oximetrix Corporation, Moutain View, CA) inserted 
percutaneously. The devices were standardized by the in 
vitro method prior to insertion of the catheter i in 25 pa- 
tients and by the in vivo calibration method in 13 patients. 
Venous oxygen saturation (SvO2) was also measured in 
vitro using an American Optical Unistat cooximeter 
(American Optical Corporation, Buffalo, NY). Arterial 
and venous gas tensions and pH were measured on a 
Corning 175 automated blood gas analyzer (Corning 
Medical and Scientific Co., Atlanta, GA). The data re- 
ported are mean values and standard errors obtained from 
the first complete hemodynamic profile and simultaneous 
arterial and venous gas analysis in each patient. Derived 
cardiopulmonary parameters were calculated using stan- 
dard equations.* 


CaO, = (SaO, X Hb X 1.34) + (PaO, X 0.0031) 
CvO, = (SvO2 X Hb X 1.34) + (PvO; X 0.0031) 
C(a-v)O, = CaO, — CvO, 
DO, = CO X 10 X CaO, ` 
VO, = CO X 10 X C{a-v)O, 
OUC = VO,/DO, 


TABLE 1. Diagnoses 


NELSON 








# Diagnosis SvO, Other 
1 Pancreatic abscess 0.81 Septic shock 
2 Hepatic Abscess 0.61 Pneumonia 
3 GSW 0.75 Hypertension, oliguria 
4 CA oral cavity 0.59 CHF, shock 
5 CA colon 0.70 CAD 
6 Cecal volvulus 0.70 ARF 
7 Aortic aneurysm 0.32 Cardiomyopathy 
8 Cervical CA 0.55 Oliguria 
9 Variceal bleeding 0.68 CAD 
10 Prostatic CA 0.67 CAD 
11 Aortic thrombosis 0.66 Shock, oliguria 
12 Recurrent basal cell CA 0.67 CAD 
13 Variceal bleeding 0.65 Oliguria 
14 Multiple trauma 0.49 Elevated ICP 
15 Renal artery stenosis 0.70 Hypertension 
16 Multiple trauma 0.51 
17 Obstructive jaundice 0.66 CAD, hypertension 
18 Acute pancreatitis 0.77 Shock 
19 Colon perforation 0.82 
20 Bowel obstruction 0.64 Oliguria 
21 Vascular occlusion 0.80 CAD, hypertension 
22 Multiple trauma 0.70 Elevated ICP 
23 CA colon 0.70 CAD, shock 
24 CA Colon 0.75 Oliguria, hypertension 
25 GSW to Aorta 0.68 Oliguria, shock 
26 CA uterus 0.74 Postop hemorrhage 
27 SW Chest 0.68 Oliguria 
28 CA esophagus 0.62 
29 Exploratory laprotomy 0.61 Shock, ARF 
30 GSW 0.83 Shock 
31 Multiple trauma 0.45 Elevated ICP 
32 Acute pancreatitis 0.73 
33 CA esophagus 0.67 Hypotension 
34 Multiple trauma 0.58 ARF 
35 Cecal volvulus 0.71 ARF 
36 Cholangitis 0.73 ARF 
37 CA cervix 0.60 Oliguria 
38 Acute abdomen 0.70 ARF 
39 Pancreatic abscess 0.82 ARF 





Admission diagnosis, initial SvO, value, and indication for monitoring 
are shown. (GSW = gun shot wound, ARF = acute respiratory failure, 
CA = carcinoma, CHF = congestive heart failure, CAD = coronary 
artery disease, ICP = intracranial pressure, SW = stab wound.) 


(CaO, = arterial oxygen content [ml O}/dl], SaO, = ar- 
terial oxygen saturation [fraction], Hb = hemoglobin 
concentration [g/dl], PaO, = arterial oygen tension 
[mmHg], CvO, = venous oxygen content [ml O;/dl], SvO, 
= mixed venous oxygen saturation [fraction], PvO> 
= mixed venous oxygen tension [mmHg], C(a-v)O> = ar- 
terial-venous oxygen content difference [ml O,/dl], DO, 
= oxygen delivery [ml/min], CO = cardiac output [l/min], 
VO, = oxygen consumption [ml/min], OUC = oxygen 
utilization coefficient [fraction].) 

All patients had cardiac output measurements by the 
thermodilution technique. The measurements were made 
in triplicate and the mean value of the measurements 
recorded. The calibration of the in vivo oximeter was 
checked whenever there was a significant change in the 
SvO) reading from the baseline value, the device was dis- 
connected for transport of patients, or there was a clinical 
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suspicion that the value may be in error for any reason. 
If the in vivo and in vitro values varied by more than 0.02, 
the in vivo device was recalibrated. The device was recal- 
ibrated at least once in each 24-hour period. 

Data were evaluated using Student’s t-test and linear 
regression analysis. P values less than 0.05 were considered 
Statistically significant. 


Results 


There was no statistically significant difference between 
initial SvO, values obtained by continuous in vivo mea- 
surements and those obtained from in vitro cooximetry 
(0.694 + 0.095 vs. 0.698 + 0.108, p > 0.5). There was a 
highly significant correlation between values obtained by 
these two methods over a wide range of SvO, values (0.42 
to 0.83) (r = 0.92, p < 0.001) (Fig. 1, Table 2). At the 
time of the first calibration check, there was no significant 
difference in the SvO, values obtained by the two tech- 
niques (0.750 + 0.017 vs. 0.738 + 0.014, p > 0.05). Also 
at the time of recalibration the same high degree of cor- 
relation existed between values obtained by the two tech- 
niques (r = 0.91, p < 0.001). 4 

There was no statistically significant correlation found ° 
between continuously measured SvO, and PaO, (r = 0.09, 
p > 0.5), SaO, (r = 0.08, p > 0.5) (Fig. 2), oxygen con- 
sumption (r = 0.46, p > 0.5), or arterial venous oxygen 
content difference (r = —0.25, p > 0.5). There was a slight 
but statistically significant correlation between continu- 
ously measured SvO, and cardiac output (r = 0.40, p 
< 0.025) and oxygen delivery (r = 0.49, p < 0.005). There 
was a highly significant statistical correlation between 
continuously measured SvO, and the oxygen utilization 
ratio (r = —0.96, p < 0.001) (Fig. 3). 


Discussion 
The content of oxygen in mixed venous blood is de- - 


termined by the variables of the Fick equation. The Fick 
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FIG. 1. The relationship between SvO, measured in vivo using a fiber 
optic pulmonary artery catheter and in vitro using a bench oximeter. 
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equation relates cardiac output, tissue oxygen consump- 
tion, and the arterial-venous oxygen content difference: 


VO, = Ca-v)O, X CO X 10. 


_When the terms of the Fick equation are rearranged, it 
¿may be seen that the determinants of SvO, are the com- 
‘ponents of oxygen delivery and oxygen consumption: 


VO./(CO X 10) = Cla-v)O, 
VO./(CO X 10) = CaO; — CvO, ` 
VO./(CO X 10) — CaO, = —CvO, 
CvO, = CaO, — [VO./(CO X 10)] 


CvO./CaO, = 1 — [VO2/(CO X 10 X CaQ,)]. 
(If SaO, = 1.0 then SvO, = CvO,/CaO,.) 
SvO, = 1 — [VO./(CO X 10 X CaO,)] 


SvQ, = 1 — YODO. 


(See methods section for abbreviations.) _ 

id. An increase in oxygen consumption or decrease in car- 
‘diac output, hemoglobin concentration, or arterial oxygen 
saturation will produce a decrease in SvO2, provided there 
is no change in the other components of the équation. 

Normally, venous oxygen saturation is maintained 
within a narrow range. Decreases in SvO, occur frequently 
in patients with cardiopulmonary complications. The 
changes in SvO; often precede changes in blood pressure, 
heart rate, or pulmonary artery occlusion pressure.® The 
degree of decrease may correlate with the magnitude of 
functional cardiopulmonary impairment’ and decreases 
in SvO, that do not improve with therapy are associated 


with a poor prognosis.® Severe venous hypoxemia has been - 


associated with lactic acidosis and a high mortality in crit- 
cally ill patients.? 

“Instrumentation for the continuous monitoring of ox- 
ygen saturation has been available since the 1970’s. The 
incorporation of fiberoptics into a flow-directed pulmo- 
nary artery catheter and improvements in catheter design 
and handling characteristics became available in the early 
1980’s.'° The system that is currently available has been 
shown to be accurate! and clinically useful.!! 

While continuously measured SvO, may correlate with 
hemodynamic changes (cardiac output) in some groups 
of patients,’ the nonsteady nature of critical illness!? has 
taught us not to expect that arterial oxygen saturation, 


hemoglobin concentration, or oxygen consumption will’ 


remain stable, and therefore changes in SvO, will not nec- 
essarily reflect changes in cardiac output in these patients. 
Data from this study indicate that, although there is some 
© statistical correlation between SvO, and both cardiac out- 
put and oxygen delivery, the correlation coefficients are 
so small that the use of SvO, as a predictor of cardiac 
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TABLE 2. Distribution of Initial SvO, Values 





Initial SYO; 
<50 50-59 60-69 70-80 >80 
Number of 
patients 3 4 14 14 4 


The number of patients within each range of initial SvO, value is 
shown. 


output is unreliable. Similarly, correlations could not be 
established between SvO, and arterial oxygenation, Oxy- 
gen consumption, or arterial-venous oxygen content dif- 
ference as independent variables. The high degree of in- 
verse correlation between SvO, and oxygen utilization 
ratio makes this relationship clinically useful. 

The goal of many interventions in critically ill patients 
is fo insure that oxygen delivery to the tissue meets or 
exceeds the oxygen demand of that tissue.!? Our clinical 
ability to monitor this relationship is severely lacking. 
While we can measure total body oxygen uptake by the 
patient with reasonable reliability, oxygen uptake is equal 
to oxygen consumption only in the steady state. To make 
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FIGS. 2A and B. The relationship between SvO,, PaO, (A), and 


- §a0; (B). 
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matters worse, oxygen consumed by the patient is not 
necessarily equal to the oxygen demand by the tissues of 
the patient. Normally, oxygen consumption increases 
when oxygen demand increases. Oxygen consumption 
may increase through an increase in the extraction of ox- 
ygen from arterial blood as it traverses the capillary bed 
(i.e., an increase in C(a-v)O3) or through an increase in 
blood flow (i.e., cardiac output). Both of these factors may 
increase by approximately threefold in normal subjects, 
allowing a ninefold increase in oxygen consumption to 
meet the oxygen demand of the tissue. Critically ill patients 
may not be capable of increasing cardiac output sponta- 
neously and therefore may have a markedly diminished 
“safety factor” in regard to increasing oxygen consump- 
tion. When oxygen demand exceeds oxygen consumption, 
anaerobic metabolism ensues and lactic acidosis results. '4 

An additional complicating factor is the fact that oxygen 
consumed by the various tissues differs, and it is not pos- 
sible at this time to measure clinically oxygen demand or 
consumption of individual organs. For example, at rest 
myocardial oxygen extraction is near maximal while renal 
oxygen extraction is very low. At times of stress when 
myocardial oxygen demand increases, oxygen consump- 
tion can increase only by increases in myocardial blood 
flow. During this same period of stress, renal blood flow 
may actually decrease dramatically and renal oxygen 
consumption may be maintained by increased oxygen ex- 
traction in the renal capillary bed. Mixed venous blood 
represents a ‘‘flow-weighted average” of the blood return- 
ing from all perfused tissues. That is to say, the magnitude 
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Fics. 3A-D. The relation- 
ship between SvO,, cardiac 
output (A), oxygen delivery 
(B), oxygen consumption 
(C), and oxygen utilization 
ratio (D). 
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of the effect of oxygen extraction by any organ on SvO, 
is proportional to the blood flow to that organ so that 
low-consumption, high-flow organs (kidneys) have a 
greater effect on SvO, than do high-consumption, low- 
flow organs (myocardium). 

Since our goals are not necessarily to provide the highest 
oxygen delivery but rather to bring into balance the re- 
lationship between oxygen consumption and oxygen de- 
livery, it seems apparent that continuously measured SvO, 
is at this time the best indicator clinically available to 
assure that this goal has been attained. 

Continuous venous oximetry in critically ill surgical . 
patients serves three major purposes. First, a low or rapidly 
decreasing SvO) indicates an imbalance between oxygen 
consumption and oxygen delivery that requires further 
investigation of the determinants of these parameters. A 
low or falling SvO, does not tell us which therapy is ap- 
propriate in a given situation but rather tells us that more 
information is needed to assess the problem. The falling 
SvO, may indicate a decrease in hemoglobin concentra- 
tion, arterial oxygen content, or cardiac output, or an 
increase in tissue oxygen consumption. When a low or 
decreasing SvO2 is encountered, the clinician may obtain 
an arterial blood gas analysis, hemoglobin value, and he- 
modynamic assessment of the patient to select the most 
appropriate intervention that may restore the balance be- 
tween oxygen consumption and delivery. This function 
has been described by Watson!> as the “early warning” 
system” of cardiorespiratory imbalance. 

The second purpose of continuous venous oximetry in 
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surgical patients is to provide assurance that, in fact, the 


patient’s oxygen transport is in balance. This function has 
been described by Civetta as “safety in no numbers.”!6 A 
stable mixed venous saturation indicates that either the 
, determinants of oxygen transport balance are unchanged 
>or that two factors are changing in equal and opposite 
directions. The safety in no numbers allows clinicians not 
to make measurements of arterial and venous blood gases 
on a frequent basis and not to make hemodynamic mea- 
surements on a frequent basis in patients who do not re- 
quire such costly and time-consuming interventions. 


The third purpose of continuous venous oximetry is to 


improve the efficiency of the delivery of care to critically 


ill patients. Typically, in an intensive care unit when a 
cardiorespiratory crisis occurs, initial measurements of 
hemodynamics and gas exchange parameters are made 
and an intervention is initiated. Following the intervention 


and a period for stabilization, the cardiorespiratory profiles 
are repeated and the intervention (vasoactive or inotropic 
drug infusion, FiO,, positive end-expiratory pressure, etc.) 


rf 


is modified or another intervention is instituted. The car- 
diorespiratory profile is repeated, and this cycle repeats 
itself until the crisis is resolved. The time required for this 


orderly approach to a cardiorespiratory crisis in terms of 
time for the measurement, stabilization. period, return of 
laboratory results, and institution of the next intervention 
limits the clinician to a maximum of three to four inter- 
vention changes per hour. By using continuously mea- 


sured SvO- as an indicator of the balance between oxygen 


supply and demand, the frequency of the interventions, 
once the major problem is identified by a complete car- 
diorespiratory profile, may be increased. It must be em- 
phasized, however, that continuous measurement of SvO, 
does not replace a full cardiorespiratory profile to indicate 
which intervention is more likely to restore the balance 
z between oxygen supply and demand. Thus, continuously 
” measured SvO, may improve the efficiency of the delivery 
of critical care to patients who are most stable by decreas- 


ing the frequency of other measurements and to those ‘ 


who are least stable by allowing an increased number of 

-interventions between complete assessments. The result 
of this approach to the monitoring of critically ill patients 
is to reduce the number of measurements in those patients 
who are most stable and optimize the timing of measure- 
ments in those who are least stable. 
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The Management of Trauma, 4th Edition. George D. Zuidema, 
Robert B. Rutherford, Walter F. Ballinger II. 848 pp. Philadel- 
phia, W. B. Saunders Company. 1985. $75.00. 


THIS TEXT provides a good, comprehensive, multidisciplinary 
overview of trauma management. The injured patient is seen in 
all settings, beginning with emergency department evaluation 
and ending with therapeutic guidelines for each organ system 
injury. Additional space is allocated to the care of burns and to 
the administrative challenges related to designing an area-wide 
trauma system and providing efficient patient flow after a large 
scale casualty. The multiauthored approach gives diversity of 
writing style, presentation format, and therapeutic guidelines. 

The attainment of cognitive objectives varies for each chapter. 
Junior surgical residents, specialty surgical residents, emergency 
physicians, and practicing physicians caring for a modest number 
of injured patients will find this text most informative and help- 
ful. More senior surgical residents and physicians with a large 
experience in the care of injured patients will be attracted by 
specific chapters that are both comprehensive and easily read. 
Such sections include cardiopulmonary resuscitation, treatment 
of shock, head and spinal cord injuries, eye injuries, maxillofacial 
injuries, soft tissue injuries, and vascular injuries. Any multiau- 
thored approach contains redundancies; this was especially true 
for the chapters “Anesthetic Management of the Trauma Vic- 
tim” and “Airway Management.” For example, the technique 
for emergency tracheostomy and coniotomy is described in sev- 
eral places. The multiauthored approach also provides for a 
healthy divergence of views regarding the care of specific injuries. 
For example, some readers may challenge the recommendation 
to treat a proven stab wound to the heart by pericardiocentesis 
alone if the patient remains stable or treat all penetrating injuries 
of the kidney with exploration and debridement of devitalized 
or contaminated tissues. Both sides of controversial issues, how- 
ever, receive appropriate attention. 

Most chapters have good illustrative materials and a compre- 
hensive bibliography. Numerous photographic and radiographic 
materials augment the written text and are captioned by succinct 
legends. The tables are well edited and provide important data 
that flow with the text. In general, the text is well written, easy 
to comprehend, and flows sequentially from the early resusci- 
tation phase through the treatment of specific organ injuries. 


CHARLES E. Lucas, M.D. 
Detroit, Michigan 





AIDS: Etiology, Diagnosis, Treatment and Prevention. Vincent 
T. DeVita, Jr., Samuel Hellman, Steven A. Rosenberg. 352 pp. 
Philadelphia, J. B. Lippincott Company. 1985. $38.00. 


THE RECENT EXPLOSION of information concerning the acquired 
immunodeficiency syndrome (AIDS) has been overwhelming. 
Since the first patients were reported in 1981, a tremendous 
research effort has resulted in an understanding of the etiology, 
pathogenesis, and mode of transmission of the AIDS virus. This 
recent monograph presents current information regarding the 
present status of AIDS research and clinical management. 

Drs. DeVita, Hellman, and Rosenberg have divided the book 
into two parts. The first section concerns the epidemiology, 
etiology, and pathogenesis of AIDS. An excellent chapter by 
Drs. Gallo, Shaw, and Markham details the events leading to 
the discovery of HTLV III as the virus that causes AIDS. Drs. 
Bolognesi and Fischinger provide a comprehensive review of the 
prospects for diagnostic testing, intervention, and vaccine de- 
velopment in AIDS, while other outstanding chapters describe 
the epidemiologic, immunologic, and pathologic features of 
AIDS. 

The second part of this timely and skillfully edited monograph 
addresses the clinical manifestations of AIDS with chapters on 
infectious complications and malignant neoplasms. Kaposi’s 
sarcoma is well described in Drs. Krigel and Friedman-Kein’s 
chapter, which includes excellent color plates of gross and mi- 
croscopic specimens. Approaches to the treatment of the im- 
munologic disorders of AIDS are reviewed, and a chapter is 
devoted to the unique psychosocial issues of AIDS. A separate 
chapter on safety precautions for AIDS includes recommen- 
dations for surgeons and personnel in operating rooms and in- 
tensive care units. 

The editors have presented a highly commendable text that 
provides up-to-date information from widely diverse sources and 
united it in a very concise and effective manner. The contributors 
are each leading authorities who have made major contributions 
to this field. Certainly, with the tremendous amount of work in 
progress, this book will be required reading for all clinicians and 
investigators as it clearly serves as an important collection for 
those in the basic and clinical sciences. This text will be pre- 
dictably well received since it is the first comprehensive, as well 
as authoritative, monograph in a field that is rapidly increasing 
in its scope and significance. 


H. KIM LYERLY, M.D. 
Durham, North Carolina 
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July 18, 1985 


Dear Editor: 


The paper by Hauer-Jensen et al.' has again raised some in- 
teresting questions on the current management of cholelithiasis. 
Isn’t it time all patients undergoing cholecystectomy have a pre- 
operative endoscopic retrograde cholangiography? If there is ev- 
idence’ of choledocholithiasis, an endoscopic sphincterotomy 
should be performed, and the patient referred for elective cho- 
lecystectomy. This will drastically reduce the need for surgical 
exploration of the common bile duct and we hope improve the 
associated morbidity and mortality. Unfortunately, this has yet 
to be confirmed in controlled clinical trials. 

Until such time, however, peroperative cholangiography (PC) 
must be recommended for all patients undergoing cholecystec- 

_tomy. It is one of the most sensitive tests for detecting chole- 
docholithiasis.? Apart from its well-publicized advantages, it is 
useful in detecting unsuspected stones.? In their series,! 2% of 
the patients without any positive criteria had choledocholithiasis. 

Iatrogenic damage is the most frequent cause of benign bile 
duct strictures, and over 90% of such injuries follow cholecys- 
tectomy.’ In a series of 78 patients with postcholecystectomy 
biliary strictures,> over 70% did not have PC. It is important to 
define the biliary anatomy in all patients undergoing cholecys- 


tectomy, and PC offers a safe and easy method of achieving this. , 


There is everything to gain and very little to lose with routine 
use of PC. Even in the high risk patient, there are very few in- 
stances where PC is contraindicated on the grounds that it may 
significantly increase the time spent under anesthesia. Routine 
use of PC is strongly recommended. ' 


J. DERODRA, M.B.B.S., F.R.C.S. 
Hamilton, Canada 
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August 19, 1985 
Dear Editor: 
iw As Dr. Derodra states in his letter, endoscopic retrograde 


cholangiography (ERC) is doubtless of great value in the pre- 
` operative diagnosis and treatment of common bile duct calculi. 


Letters to the Editor 


However, because of the costs and the small, but definite, risk 

of complications, we do not think that routine preoperative 

ERC in all patients with cholecystolithiasis is justified. 
Routine perorerative cholangiography (PC) during cholecys- 


tectomy leads to the detection ofa certain number of unsuspected 


common bile duct calculi and may possibly also prevent some 
cases of bile duct injury. However, the occurrence of false-positive 
investigations, possible morbidity due to PC,!? the percentage 
of common bile duct calculi that pass spontaneously, and the 
relative ease and safety with which retained common bile duct 
calculi may be removed endoscopically must also be taken into 


_ consideration. 


In our opinion, controlled clinical trials are necessary to de- 
termine whether routine PC is advantageous or not. In a pro- 
spective, randomized study of the consequences of PC in patients 
with no clinical criteria of choledocholithiasis,’ the group of pa- 
tients in which PC was omitted fared significantly better than 
the group in which PC was performed. i 

Therefore, we advocate the use of PC only in patients with 
suspected bile duct pathology or in order to define biliary anat- 
omy when necessary. 


MARTIN HAUER-JENSEN, M.D. 
Oslo, Norway 
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August 8, 1985 
Dear Editor: 


We read with great interest Dr. Fonkalsrud’s article “Endo- 
rectal Ileal Pullthrough with Isoperistaltic Ileal Reservoir for Co- 
litis and Polyposis.” We disagree, however, with the statement 
that techniques for removal of the rectal mucosa have become 
standardized. The usual technique for mucosal proctectomy re-_ 
quires separation of the rectal mucosa and submucosa from the 
underlying circular muscle. In patients with severe ulcerative 
colitis, this is often difficult to perform and sometimes impossible. 
In Dr. Forikalsrud’s own series, four patients with severe ulcer- 
ative colitis could not undergo mucosal proctectomy because of 
severe mucosal ulceration. Two patients required ultrasonic 
fragmentation of the rectal mucosa in order to perform the op- 
eration. It is not clear whether these were the same two patients 
in whom manual mucosal proctectomy was not initially possible. 
Also, Dr. Fonkalsrud states that the length of time required for 
standard mucosal proctectomy ranged from 1 to 24 hours de- 
pending on the duration and seyerity of colitis. : 
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Ultrasonic fragmentation’ is superior to standard mucosal 
proctectomy in patients with severe ulcerative colitis. Since this 
technique destroys the rectal mucosal regardless of the amount 
of inflammation present, it allows the operation of mucosal 
proctectomy to be performed in all patients with ulcerative colitis. 
Furthermore, the duration of dissection is shortened considerably 
since usually only 15 minutes of ultrasonic fragmentation are 
required to remove the mucosa of the distal rectum. Healing of 
the ileoanal anastomosis does not appear to be adversely affected 
by the use of ultrasonic fragmentation. We feel that all surgeons 
performing mucosal proctectomy should become familiar with 
the technique of ultrasonic fragmentation since this may occa- 
sionally be the only method that allows the removal of the dis- 
eased rectal mucosa. 


TOMAS M. HEIMANN, M.D., F.A.C.S. 
ROBERT J. KURTZ, M.D., F.A.C.S. 
New York, New York 
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October 30, 1985 
Dear Editor: 


The reports by Drs. Heimann, Kurtz, Aufses, and colleagues 
in New York using the ultrasonic fragmentation technique with 
the Cavitron unit for removing rectal mucosa in patients with 
ulcerative colitis have been of considerable interest. This tech- 
nique may be of particular benefit in patients who have severe 
rectal mucosal disease with ulceration. Two of the patients in 
our series had the rectal mucosa removed with the assistance of 
the Cavitron unit; however, the dissection did not remove the 
mucosa as a single unit but rather in a piecemeal fashion. It was 
difficult in some areas of the rectum to be completely assured 
that all mucosal cells had been aspirated. If any mucosal cells 
are retained in the muscular cuff, postoperative bleeding and/ 
or abscess are almost certain to follow. Nonetheless, this tech- 
nique with ultrasonic fragmentation of the mucosa may offer 
considerable ease in removal of very inflamed mucosa. Unfor- 
tunately, one does not receive specimens for pathologic review 
when the Cavitron unit is used. 

Considerable assistance has been achieved in removing rectal 
mucosa by injecting saline and dilute epinephrine solution be- 
tween the muscularis and mucosa for long distances rather than 
just at the site of the incision at the dentate line. Chemical de- 
bridement of rectal mucosa is another technique that is currently 
undergoing extensive evaluation. 

We appreciate the letters by Drs. Heimann and Kurtz, calling 
our attention to the use of the Cavitron ultrasonic unit for mu- 
cosal proctectomy, and shall look forward to their reports of 
clinical experience in larger series of patients. 


ERIC W. FONKALSRUD, M.D. 
Los Angeles, California 
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July 9, 1985 
Dear Editor: 


Roberts et al. (Ann Surg 1985; 202:1-8) have shown that 
postoperative sodium retention is a physiologic response to de- 
creased extracellular volume. They have shown that intraoper- 
ative sodium infusion can prevent the response. How hard= 
though, should we try to prevent it? 

When gastrectomies and cholecystectomies were first suc- 
cessful, patients received no intravenous fluids and their re- 
sponses went unrecognized. In the 1950’s, we vigorously pro- 
moted sodium and water retention by withholding sodium dur- 
ing surgery and for 2 days thereafter. Many patients were then 
oliguric, some hyponatremic and lethargic until the response 
abated and excess water was excreted, but in those with healthy 
kidneys the response was not fatal. 

Since learning that the response can be prevented, I suspect 
that we have been trying too hard and too often to do so. We 
have seen intraoperative sodium infusion produce hepatorenal 
syndrome in cirrhotic patients with ascites. Infusing sodium at 
5 grams per hour has produced pulmonary edema in patients 
whose congestive heart failure was controlled on a diet of 3 grams 
of sodium per day. Pulmonary wedge pressure monitoring and 
diuretics can prevent pulmonary edema, but they introduce other 
risks and costs that are unnecessary when renal function is 
normal. 

Shouldn’t we acknowledge that preventing this response is 
usually desirable and sometimes mandatory, but in certain pa- 
tients prevention is more dangerous than the response itself? 


HUNTER H. MCGUIRE, JR., M.D. 
Richmond, Virginia 


October 8, 1985 
Dear Editor: 


I am happy to be able to respond to the multiple questions 
posed by Dr. Hunter H. McGuire, Jr., in response to our article 
in the Annals of Surgery 1985; 202:1-8. Dr. McGuire asks how 
hard we should try to prevent the decreased extracellular fluid 
volume in surgical patients, even though it has been demon- 
strated that this volume deficit exists and that sodium infusion 
can correct the response of the extracellular fluid. As he indicated, 
many major surgical procedures were done for many years and 
no intravenous fluids were given and the response of the extra- 
cellular fluid reduction went unrecognized until research tech- 
niques demonstrated this reduction. We certainly agree with 
him that many patients with uncomplicated surgery will tolerate 
no fluid electrolyte administration during surgery quite well. In 
fact, even knowing with the research data that a volume deficit 
is incurred by the operative procedure, it is still clinically de- 
manding to detect moderate volume deficits. These can be de- 
tected if one is measuring carefully urinary output, pulse pressure, 
blood pressure, and related subtle clinical signs. It is also true 
that, with normal kidneys and surgery that is of modest traumatic 
insult, the kidneys will retain sodium and water and the insult 
will be tolerated. 

It is also true, however, that those patients who experience 
more significant surgical injury than was anticipated, those pa- 
tients who may have borderline renal ability to conserve sodium 
and water, and those patients with increased surgical injury due 
to difficult retraction will inevitably show clinical signs of the 
extracellular fluid volume depletion. There is no question that 
anesthesiologists and surgeons have become very sensitive to 
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these clinical responses, particularly when it is realized that they 

can all be prevented by the adequate intraoperative replacement 

of extracellular fluid volume as deficits are incurred by the op- 

erative procedure. Dr. McGuire is perfectly correct in surmising 

that some have overreacted to this physiological response to in- 

jury and have attempted to overcompensate for the functionally 
p.lost extracellular fluid. 

“| believe at the present time that the correct infusion rate in 
the complicated patients whom he mentions, such as those with 
cirrhosis and ascites, congestive heart failure, or compromised 
cardiopulmonary reserve, can best be determined by careful pa- 
tient monitoring. If large extracellular fluid volume and blood 
replacements are anticipated, then certainly invasive monitoring 
is well justified. In the patient in whom minimal volume re- 
placement is anticipated, this can certainly safely be done on 
clinical grounds, knowing the anticipated volume response to 
the degree of trauma projected by the surgical procedure. 

Consequently, I agree with him that preventing the extracel- 
lular fluid volume deficit response from occurring is usually de- 
sirable and often mandatory, but it is certainly true in some 
patients with extensive surgical procedures that the response to 
repletion of a physiologic deficit must be carefully monitored. 
Many thanks. 


G. TOM SHIRES, M.D. 
New York, New York 


August 12, 1985 
Dear Editor: 


The article “Is There an Association Between Failed Antireflux 
Procedures and Delayed Gastric Emptying?” in the Annals of 
Surgery 1985; 202:162—165 by Maddern, Jamieson, Chatterton, 
and Collins! presents interesting data. However, their suggested 
therapy, gastric resection and Roux-en-Y anastomosis, may be 
rather radical. A simpler and effective procedure could be an 
anterior gastropexy. This may be done accompanying fundo- 
plication, as Nissen did originally with good success," and espe- 
cially when preoperative studies indicate slow gastric emptying. 
It can be done after operation when the problem becomes evi- 
dent. 

Tension in the muscle bundle of Willist with anterior gastro- 
plexy increases the angle of His and places tension on the phre- 
noesophageal ligament, tending to draw the esophageal wall to- 
gether, both considered especially significant by Nissen. It also 
places the esophageal muscularis wall on tension producing the 
“Chinese love trap” phenomena as described by C.J. Berne, in- 
creasing tension in the distal esophageal pressure zone. Tension 
on the muscle bundle of Willis should interrupt distraction of 
the D.E.P.Z. by gastric wall distension, as Samelson et al. ac- 
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complished with a rubber band placed around the gastroesoph- 
ageal junction.> 


LAWRENCE BRASLOW, M.D. 
Riverside, California 
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October 10, 1985 
Dear Editor: 


When reoperative surgery is being considered for a previous 
operative failure to control reflux, we believe it is important to 
try and determine why the surgery has failed. 

If the original procedure was performed competently and the 
patient is shown to have grossly delayed gastric emptying (par- 
ticularly of solids), then we think it is possible that failure may 
well occur again if a routine antireflux operation, of whatever 
ilk, is carried out. In these circumstances, we advocate attempting 
to accelerate gastric emptying. Our advocacy is based solely on 
rational grounds, not hard fact. We doubt whether anterior gas- 
tropexy could be advocated on either ground. Probably because 
others feel the same way, the operation has been little practiced. 
Had we known previously that the procedure produced “a 
Chinese Love Trap” perhaps we might have been tempted to 
use it! 

In patients with severe reflux problems after one or several 
previous antireflux operations in whom gastric emptying is se- 
verely delayed, we continue to advocate antrectomy and Roux- 
en-Y reconstruction as the procedure most likely to alleviate 
the problem. 


G. J. MADDERN, M.B., B.S. 
GLYN G. JAMIESON, M.S., F.R.A.C.S., F.A.C.S. 
Adelaide, South Australia 
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Such prophylaxis should generally be reserved for patients 
over the age of 40 who are undergoing major surgery. 
Contraindications: Embolex (dihydroergotamine mesy- 
late and heparin sodium; with lidocaine HCl) treatment is 
contraindicated in patients who have previously shown 
hypersensitivity to heparin, ergot alkaloids, or lidocaine 
This combination is also contraindicated in patients with 
known peripheral vascular disease, coronary insufficiency, 
angina, severe hypertension, impaired hepatic or renal 
function, sepsis, severe thrombocytopenia, or in patients 
receiving oral anticoagulant therapy. 

Heparin should not be administered to patients with an 
uncontrollable active bleeding state, or patients unable to 
submit to suitable blood coagulation tests (e.g., whole 
blood clotting time, partial thromboplastin time). While 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) contains heparin, this con- 
traindication refers to full dose heparinization. Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl), which utilizes low dose heparin as one of 
its components, does not require monitoring of patients 
having normal coagulation parameters. 

DHE possesses oxytocic properties. Therefore, Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl) Injection should not be administered dur- 
ing pregnancy. 

Warnings: Need to Rule Out Bleeding Disorders: All patients 
should be screened prior to administration of Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) prophylaxis to rule out bleeding disorders; 
appropriate coagulation tests should be repeated just prior 
to surgery. Test values should be normal or only slightly 
elevated at these times. 

Caution in Disease States in Which There is an Increased 
Danger of Hemorrhage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCI) Injection 
should be used with extreme caution in disease states in 
which there is increased danger of hemorrhage. The poten- 
tial for increased bleeding both during and after surgery 
should be considered. Some of the conditions in which 
increased danger of hemorrhage exists are: 
Cardiovascular; Subacute bacterial endocarditis; severe 
hypertension 

Surgical: During and immediately following (a) spinal tap 
or spinal anesthesia or (b) major surgery, especially involv- 
ing the brain, spinal cord, or eye. 

Hematologic: Conditions associated with increased bleed- 
ing tendencies, such as hemophilia, thrombocytopenia, 
and some vascular purpuras. 

Gastrointestinal: Ulcerative lesions and continuous tube 
drainage of the stomach or small intestine: liver disease 
with impaired hemostasis 

Thrombocytopenia: Thrombocytopenia has been reported 
to occur in patients receiving heparin with a reported inci- 
dence of 0 to 30%. Mild thrombocytopenia (count greater 
than 100,000/mm) may remain stable or reverse even if 
heparin is continued. However, thrombocytopenia of any 
degree should be monitored closely. If the count falls below 
100,000/mmS or if recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUTIONS), Embolex (dihy- 
droergotamine mesylate and heparin sodium: with lidocaine 
HCI) administration should be discontinued 
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Embolex (dihydroergotamine mesylate and heparin 
sodium: with lidocaine HCl) Injection does not have fibri- 
nolytic activity; therefore it will not lyse preexisting or estab- 
lished deep vein thrombi. If clinical evidence of 
thromboembolism develops despite Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCl) prophylaxis, this should be discontinued and full ther- 
apeutic doses of anticoagulants administered unless 
contraindicated. 

Arterial Spasm: DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do less commonly than other ergots. This action 
appears to be dose-related; however, some patients may 
demonstrate individual sensitivity to the agent. 
Vasospastic reactions are manifested by intense arterial 
vasoconstriction, producing signs and symptoms of periph- 
eral vascular ischemia (e.g., muscle pains, numbness, cold- 
ness anc pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
spasm can result in serious morbidity (gangrene) or death, 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) should be discontinued imme- 
diately if signs or symptoms of vasoconstriction develop 
In worldwide experience with Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCI), 
representing about 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating condition 
such as sepsis. In most cases, cessation of Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lido- 
caine HCI) and institution of vasodilator therapy reversed 
the vasospasm 

In clinical trials of Embolex (dihydroergotamine mesylate 
and heparin sodium; with lidocaine HCI) there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome”: Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resulting from irreversible aggregation of plate- 
lets induced by heparin, the so-called white clot syndrome. 
The process may lead to severe thromboembolic compli- 
cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, pulmonary embolism and stroke. 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance. Increased resistance to heparin has 
been frequently encountered in fever, thrombosis, throm- 
bophlebitis, infections with thrombosing tendencies, myo- 
cardial infarction, cancer and in postsurgical patients. 
Increased Risk in Older Women: A higher incidence of 
bleeding has been reported in women over 60 years of 
age 

Laboratory Tests: Periodic platelet counts, hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardless of the route 
of administration. 

Drug Interactions: Agents of the ergot alkaloid class, of 
which DHE is a member, have been shown to interact with 
antibiotics of the macrolide class, resulting in increased 
plasma levels of the unchanged alkaloid. 

Platelet aggregation is the main hemostatic defense of hep- 
arinized patients. Drugs which interfere with platelet aggre- 
gation reactions (such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxychloroquine and others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) Injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium. 

Drug/Laboratory Test Interactions: Hyperaminotransfera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage of patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are important in the differential diagnosis of myo- 
cardial nfarction, liver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection] should be interpreted with caution 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed to eval- 
uate carcinogenic potential of either DHE or heparin. Also, 
no reproduction studies in animals have been performed 
concerning mutagenesis or impairment of fertility. 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS. 

Nursing Mothers: Heparin is not excreted in human milk 
It is not known whether DHE is excreted in human milk 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCl) 
Injection is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness of DHE in children 
has not deen established 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chief complication that 
may result from Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) administration (see 
WARNINGS) An overly prolonged clotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug (see OVERDOSAGE). 
Deep subcutaneous administration of Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCI) Injection may produce local irritation, mild pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 


SANDOZ PHARMACEUTICALS 
Division of Sandoz Pharmaceuticals Corporation 
East Hanover, NJ 07936 





HEMORRHAGIC COMPLICATIONS—U.S. STUDY 
Number and Percentage of Patients 


TREATMENT GROUP 
Complication 


DHE/HEP | DHE/HEP 
= 


Excessive 
Postoperative 
Bleeding 


Mean 
Change in 
Hemoglobin 
Levels in 
gm/100 mi 
Pretreatment 
vs. Day 5 
Postop 


Wound N=208 | N=219 | N=216 
Hematomas 6 (3%) 4 (2%) 7 (3%) 
Hematomarat | N = 209 N=221 
Injection Site | 24 (11%) 26 (12%) 
Microscopic 
Hematuria- 
Day 5- 

All Patients- 
Catheterized & 
Uncatheterized 








N= 156 
38 (24%) 


N= 157 
43 (27%) 


N= 159 
41 (26%) 








Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes, muscle pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 

Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphylactoid reactions, including 
shock, have also been reported more rarely. Itching and 
burning, especially on the plantar side of the feet, may 
occur. 

Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30% 
While often mild and of no obvious Clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
In preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting; 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
trolled trials for all treatment groups pooled 


INSTANCES OF ADVERSE EFFECTS* 
U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCl) CLINICAL TRIALS 


TREATMENT GROUP 











































Complication | DHE/HEP PHE RER 2 
by Body 5000 2 HEP 5000 | Placebo 
System N=478 | N=236 | N=232 |N=197 
GASTRO- 
INTESTINAL 
Nausea 11 (2.3%) 1 (0.4%) |2 (1.0%) 
Vomiting 11 (2.3%) 2 (1.0%) 
Abdominal 
Discomfort 3 (0.6%) 
GI Bleeding 3 (1.3%) 
Miscellaneous | 4 (0.8%) 
CARDIO- 
VASCULAR 
Chest Pain 7 (1.5%) 2 (1.0%) 
Hypertension 2 (0.4%) | 2 (0.8%) 
Myocardial 
Infarction 2 (0.4%) | 1(0.4%) | 1 (0.4%) 
Shortnessof 
Breath 2 (0.4%) 
Tachycardia 2 (0.4%) | 1 (0.4%) 
Miscellaneous | 6 (1.3%) | 2 (0.8%) | 2 (0.9%) 
— + 
CNS 
Pyrexia 3( 
Miscellaneous | 5 ( 1 (0.4%) |2 (1.0%) 
SKIN 
Rash 1 (0.4%) 1 (0.4%) |2 (1.0%) 
Miscellaneous 1 (0.4%) 2 (1.0%) 











*Not all of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI), as these postsurgical patients 
received other drugs. 


How supplied: Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) Injection is available 
as a single ampul in packages of 20 and 100 as follows: 
DHE 0.5 mg/2500 USP Units Heparin/Lidocaine HCI 
5.33 mg 

Package of 20 ampu!s (NDC 0078-0118-03). 

Package of 100 ampuls (NDC 0078-0118-05). 

This combination strength is not currently available. 

DHE 0.5 mg/5000 USP Units Heparin/Lidocaine HCI 
7.46 mg 

Package of 20 ampuls (NDC 0078-0119-03). 

Package of 100 ampuls (NDC 0078-0119-05). 

Store and dispense: Store below 77°F (25°C), dispense 
in light-resistant containers. 


Manufactured by Sandoz, Ltd., Basle, Switzerland for 
Sandoz Pharmaceuticals Corporation, East Hanover, 
NJ 07936 
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Leading authorities share their expert 
knowledge to help you manage patients with 


A 


this increasingly common disorder 








CCOLORECTA 
TUMORS k 





Edited by Oliver H. Beahrs, M.D, 
George A. Higgins, M.D, 


and Jacob J. Weinstein, M.D. 
58 Contributors 


An up-to-the-minute overview of colorectal tumors, written by 
authorities whose qualifications are exceptional, packed with in- 
formation on etiology, diagnosis, predisposing conditions, forms 
of surgery and adjuvant therapy, complications of therapy, post- 
surgical observation, and treatment of recurrence of disease. 


An interdisciplinary team of experts 


. . bring together the latest information on epidemiology. surveil- 
lance, pathology, and management of tumors and cancer of the 
colon, rectum, and anus. Emphasis is placed on the importance 
of early diagnosis, planned surveillance, and appropriate therapy. 
Controversies surrounding the management of the various le- 
sions are fully explored. 


New knowledge, new techniques 


... in the use of the flexible fiberoptic sigmoidoscope and colono- 
scope are discussed thoroughly. The relationship of pathologic 
findings to the staging and prognostic features of cancer of the 
colon and rectum is stressed. 


New surgical procedures 


... for the radical removal of lower rectal lesions with preserva- 
tion of the sphincters are presented, along with basic surgical 
techniques that have been standardized for several decades. 
Forms of adjuvant therapy and current methods of follow-up are 
discussed. Management of surgical complications and treatment 
of metastatic lesions are also included. 


352 Pages. 134 Illustrations. 105 Tables. 1986. $57.50. 


Other outstanding books 
of related interest 


COLON AND RECTAL SURGERY 


Marvin L Corman, M.D. 784 Pages: 818 Illustrations, 16 in Full 
Color. 49 Tables. 1984. $89.00. 


ATLAS OF EXTREMITY SARCOMA 
SURGERY Paul H. Sugarbaker, M.D. 


lllustratec by Trudy H. Nicholson. With 11 Contributors. 262 Pages. 
180 Illustrations. 21 Tables. 1984. $57.50. 


CUTANEOUS MELANOMA: Clinical 


Management and Treatment Results Worldwide 

Editors: Charles M. Balch, M.D., F.A.C.S., and Gerald W. Milton, 
M.D., F.R.C.S. Associate Editors: Helen M. Shaw, Ph.D., and 
Seng-jaw Soong, Ph.D. 81 Contributors. 578 Pages. 255 Illustrations. 
2 Full-Color Plates. 1985. $75.00. 


MANAGEMENT OF HEAD AND NECK 


CANCER: A Multidisciplinary Approach 

Edited by Rodney R. Million, M.D., and Nicholas J. Cassisi, M.D. 
20 Contributors. 684 Pages. 941 Illustrations, including 43 in Full 
Color. 232 Tables. 1984. $97.50. 


CANCER: Principles and Practice 

of Oncology, 2nd Edition 

Edited by Vincent T. DeVita, Jr., M.D., Samuel Hellman, M.D., and 
Steven A. Rosenberg, M.D., Ph.D. 136 Contributors. Single Volume 
Edition: 2.416 Pages. Two Volume Set: 2,344 Pages. 770 Black-and- 
White Illustrations. 22 Full-Color Illustrations. 928 Tables. 2nd 
Edition, 1985. Single Volume $125.00. Two Volume Set $157.50. 


Lippincott books are available through your health science bookstore or your Lippincott representative. For mail order service direct, 
please use the coupon below, or Call Toll Free (USA except AK, HI) 1-809-638-3030. In Maryland Call Collect (301) 824-7300 


J. B. Lippincott Company The Health Professions Publisher of Harper & Row, Inc. 
P.O. Box 1630, Hagerstown, MD 21741 | 
Please send me for 30 days’ ON-APPROVAL EXAMINATION | 


_| ___ copy(ies) of Colorectal Tumors (65-08436) @ $57.50 
_] ___ copy(ies) of Colon and Rectal Surgery (65-08113) @ $89.00 


C Payment enclosed* (save postage & handling) 
CJ Bill me (plus postage & handling) 
CJ Charge it: C MasterCard (© VISA 
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o copy(ies) of Atlas of Extremity Sarcoma Surgery (65-07958) @ $57.50 














o ican O | 
[L] ____ copy(ies) of Cutaneous Melanoma (65-07495) @ $75.00 eo i haga i yas EE 
—— copy(ies) of Management of Head and Neck Cancer (65-07842) @ $97.50 ; 
© copy(ies) of Cancer, 2/e: O 1 Volume (65-07974) @ $125.00: Expiration Date 
O 2 Volumes (65-08915) @ $157.50 “The law requires that we collect state sales taxes 
where applicable. Please include the prescribed amount 
Name with payment. Prices quoted in U.S. funds and subject 
to change. Orders subject to the approval of Lippincott 
Address 426-85 
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. Smith Kline &French Laboratories 
*For appropriate pres = res, see brief Su of 
prescribing informa n pa e e 3 of this pat os isement. ©SmithKline Beckman Corporation, 1985 





ONE SINGLE DOSE 
FIVE DISTINCT BENEFITS 


96% Clinical Efficacy” 
with a Single Dose*” 


High and Prolonged 
Serum and Tissue Levels 


Sustained, 24-Hour 
Antimicrobial Coverage 


Extended Protection When 
Surgery Is Lengthy or Delayed 


Significant Cost Savings’ 


MONOCID 


cefonicid sodium 


(hvee\alllr4sxe) 





8A PROPHYLAXIS IN 
INTRA-ABDOMINAL SURGERY 


ONOCID 


VIM 


cefonicid sodium 


{lyophilized} 


Before prescribing, see complete prescribing information in SK&F literature 
or PDR. The following is a brief summary. 


INDICATIONS AND USAGE 

Monocid (sterile cefonicid sodium, SK&F) is indicated in the treatment of infections 
due to susceptible strains of the microorganisms listed below: 

LOWER RESPIRATORY TRACT INFECTIONS, due to Streptococcus pneumoniae 
(formerly D. pneumoniae); Klebsiella pneumoniae; Escherichia coli; and Hemophilus 
influenzae (ampicillin-resistant and ampicillin-sensitive). 

URINARY TRACT INFECTIONS, due to Escherichia coli, Proteus mirabilis (indole- 
negative Proteus), and Klebsiella pneumoniae. 


SKIN AND SKIN STRUCTURE INFECTIONS, due to Staphylococcus aureus and S. 

epidermidis: Streptococcus pyogenes (Group A Streptococcus) and S. agalactiae {Group B 
treptococcus). 

SEPTICEMIA, due to Streptococcus pneumoniae (formerly D. pneumoniae’ and 

Escherichia colt. 


BONE AND JOINT INFECTIONS, due to Staphylococcus aureus. 


SURGICAL PROPHYLAXIS 

Administration of a single 1 gram dose of ‘Monocid’ before surgery may reduce the 
incidence of postoperative infections in patients undergoing surgical precedures 
classified as contaminated or potentially contaminated (e.g. colorectal surgery, 
vaginal hysterectomy, or cholecystectomy in high-risk patients), or in patients in 
whom infection at the operative site would present a serious risk (e.g., prosthetic 
arthroplasty, open heart surgery). Although cefonicid has been shown to be as 
effective as cefazolin in prevention of infection following coronary artery bypass 
surgery, no placebo-controlled trials have been conducted to evaluate any cephalosporin 
antibiotic in the prevention of infection following coronary artery bypass surgery or 
prosthetic heart valve replacement. 


In cesarean section, the use of ‘Monocid’ (after the umbilical cord has been clamped) 
may reduce the incidence of certain postoperative infections. 


When administered one hour prior to surgical procedures for which it is indicated, 

a single 1 gram dose of ‘Monocid’ provides protection from most infections due to 
susceptible organisms throughout the course of the procedure and for approximately 
24 hours after administration. Intraoperative and postoperative administration of 
‘Monocid’ is not necessary. Daily doses of ‘Monocid’ may be administered for two 
additional days in patients undergoing prosthetic arthroplasty or open heart surgery. 


Therapy with ‘Monocid’ may be initiated pending results of susceptibility studies. 
Treatment should be adjusted according to findings. 


Before using ‘Monocid’ toncomatanty with other antibiotics, the prescribing, 
information for those agents should be reviewed for contraindications, warnings, 
precautions and adverse reactions. Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Monocid' is contraindicated in persons who have shown hypersensitivity to 
cephalosporin antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘MONOCID' IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD 
PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with the use of cephalosporins {and 
ather proas specirum antibiotics); therefore, it is important to consider that diagnosis 
in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and 

may permit overgrowth of Clostridia. Studies indicate a toxin produced by Clostridium 
difficile is one primary cause of antibiotic-associated colitis. Cholestyramine and 
colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe 
cases should be managed with fluid, electrolyte and protein supplementation as 
indicated. When the colitis is not relieved by drug discontinuance and when it is 
severe, oral vancomycin is the treatment of choice for antibiotic-associated 
pseudomembranous colitis produced by C. difficile. Other causes of colitis should 
also be considered. 

PRECAUTIONS 

General: With any antibiotic, prolonged use may result in a Sheds of 
nonsusceptible organisms. Careful observation is essential, and appropriate 
measures should be taken if superinfection occurs. 

Drug Interactions: Nephrotoxicity has been reported following concomitant 
administration of other cephalosporins and aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in mice, rabbits 
and rats at doses up to an equivalent of 40 times the usual adult human dose 

and have revealed no evidence of impaired fertility or harm to the fetus due to 
‘Monocid’. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should te used in pregnancy only if clearly needed. 
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Labor and Delivery: In cesarean section. ‘Monocid’ should be administered only 
after the umbilical cord has been clamped. 

Nursing Mothers: ‘Monocid' is excreted in human milk in low concentrations. 
Caution should be exercised when ‘Monocid' is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
‘Monocid’ is generally well tolerated and adverse reactions have occurred infrequently. 
The most common adverse reaction has been pain on I.M. injection. On-therapy 
conditions occurring in greater than 1% of ‘Monocid’-treated patients were: 

Injection Site Phenomena (5.7%): Pain and/or discomfort on injection; less often, 

burning, phlebitis at IV. site. 

Increased Platelets (1.7%). 

Increased Eosinophils (2.9%). 

Liver Function Test Alterations (1.6%): Increased alkaline phosphatase, increased 

SGOT, increased SGPT, increased GGTP, increased LDH. 
Less frequent on-therapy conditions occurring in less than 1% of ‘Monocid’-treated 
patients were: 

Hypersensitivity Reactions: Fever, rash, pruritus, erythema, myalgia and 

anaphylactoid-like type reactions have been reported. 

Hematology: Decreased WBC, neutropenia, thrombocytopenia, positive Coombs’ 

test. 

Diarrhea. 
DOSAGE AND ADMINISTRATION 
General 
The usual adult dosage is 1 gram of ‘Monocid' given once every 24 hours, intra- 
venously or by deep intramuscular injection. Doses in excess of 1 gram daily are 
rarely necessary; however, in exceptional cases dosage of up to 2 pams given 
once daily have been well tolerated. When administering 2 gram I.M. doses once 
daily, one-half the dose should be administered in different large muscle masses. 
Surgical Prophylaxis 
When administered one hour prior to appropriate surgical procedures (see Indications 
and Usage), a 1 gram dose of Monocid provides protection from most infections due 
to susceptible organisms throughout the course of the procedure and for 
approximately 24 hours after administration. Intraoperative and postoperative 
administration of ‘Monocid’ is not necessary. Daily doses of ‘Monocid' may be 
administered for two additional days in patients undergoing prosthetic arthroplasty 
or open heart surgery. 
In cesarean section ‘Monocid’ should be administered only after the umbilical cord has 
been clamped. 

General Guidelines for Dosage of ‘Monocid’, LV. or I.M. 

















of Daily Dose 
Infection i (grams) Frequency 
Uncomplicated Urinary Tract . 0.5 once every 24 hours 
Mild to Moderate L once every 24 hours 
Severe or Life-Threatening 2" once every 24 hours 
Surgical Prophylaxis 1 1 hour preoperatively 





“When administering 2 gram LM. doses once daily. one-half the dose should be administered in 
different large muscle masses. 


Impaired Renal Function 
Modification of ‘Monocid’ dosage is necessary in patients with impaired renal 
function. Before prescribing, consult Dosage and Administration section of complete 
prescribing information. 
HOW SUPPLIED 
“Monocid’ is supplied in vials equivalent to 500 mg. and 1 gram of cefonicid; in 
“Piggyback” Vials for LV. admixture equivalent to 1 gram of cefonicid; and in 
Pharmacy Bulk Vials equivalent to 10 grams of cefonicid. 
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BRIEF SUMMARY 

NOLVADEX: (tamoxifen citrate) 10 mg tablets 

indications and Usage: NOLVADEX is effective in the treatment of 
metastatic breast cancer in postmenopausal women. Availabie evi- 
dence indicates that patients whose tumors are estrogen receptor 
positive are more likely to benefit from NOLVADEX therapy 

NOLVADEX in combination with cytotoxic chemotherapy following 
radical or modified radicai mastectomy is effective in delaying recur- 
rence of surgically curable breast cancer in postmenopausal women or 
women age 50 or older with positive axillary nodes. In the Hubay and 
NSABP B-09 studies most of the benefit to date has been in the sub- 
group with 4 or more positive axillary nodes. The contribution of the 
cytotoxic chemotherapy is uncertain. The estrogen and progesterone 
receptor values may help to predict whether the adjuvant therapy is 
likely to be beneficial 
Contraindications: None known 
Warnings: Ocular changes have been reported in a few patients who, 
as part of a Clinical trial, were treated for periods greater than one year 
with NOLVADEX at doses at least four times the highest recommended 
daily dose of 40 mg. The ocular changes consist of retinopathy and in 
some patients, there are also cornea! changes and a decrease in visual 
acuity. 

in addition. a tew cases of ocular changes including visual distur- 
bance. corneai changes and/or retinopathy have been reported in 
patients treated with NOLVADEX at recommended doses. It is uncer- 
tain if these effects are due to NOLVADEX 

As with other additive hormonal therapy (estrogens and androgens} 
hypercalcemia has been reported in some breast cancer patients with 
bone metastases within a few weeks of starting treatment with 
NOLVADEX. If hypercaicemia does occur, appropriate measures 
should be taken and. if severe. NOLVADEX should be discontinued 
Precautions: General: NOLVADEX should be used cautiously in 
Patients with existing leukopenia or thrombocytopenia. Observations 
of lewkopenia and thrombocytopenia occasionaily have been made 
but it is uncertain if these effects are due to NOLVADEX therapy. Tran- 
sient decreases in platelet counts, usually to 50,000-100,000/cu mm 
infrequently lower, have been occasionally reported in patients taking 
NOLVADEX for breast cancer. No hemorrhagic tendency has beer 
recorded and the platelet counts returned to normal :evels even though 
treatment with NOLVADEX continued 

Laboratory Tests: Periodic complete blood counts. including platelet 
counts, may be appropriate 

Carcinogenesis, Mutagenesis. impairment of Fertdity: While no con- 
ventional bioassay has been conducted. endocrine changes n 
immature and mature mice were investigated in a 13-month study Vari- 
ous tumors were found in all treated groups 

No mutagenicity or fertility studies have been conducted 

Pregnancy Category C: NOLVADEX has been shown to affect re- 
productive functions in rats when given at dase levels somewhat 
higher than the human dose. In reproductive studies in rats. develop- 
mental changes of the rib were seen. There are no acequate and well- 
controlied studies in pregnant women. NOLVADEX should be used 
during pregnancy only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers: It is not known whether this drug is excreted ir 
human milk, Because many drugs are excreted in human milk anc 
because of the potential for serious adverse reactions in nursing irfants 
from NOLVADEX. a decision should be made whether to discontinue 
nursing or to discontinue the drug. taking into account the importance 
of the drug to the mother. 

Adverse Reactions: The most frequent adverse reactions to 
NOLVADEX are hot flashes, nausea, and vomiting. These may occur in 
up te one-fourth of patients, but are rarely severe enough to require 
discontinuation of treatment 

Less frequently reported adverse reactions are vaginal bleeding, 
vaginal discharge, menstrual irregularities, and skin rash. Usually 
these have not been of sufficient severity to require dosage reduction 
or discontinuation of treatment. 

increased bone and tumor pain, and aiso local disease flare have 
occurred, which are sometimes associated with a good tumor re- 
sponse. Patients with increased bone pain may require additiona! 
analgesics. Patients with soft tissue disease may have sudden in- 
creases in the size of preexisting lesions, sometimes associated with 
marked erythema within and surrounding the lesions. and/or the de- 
velopment of new lesions. When they occur. the bone pain or disease 
flare are seen shortly after starting NOLVADEX and generally subside 
rapidly. 

Other adverse reactions which are seen infrequently are hyper- 
calcemia, peripheral edema, distaste for food. pruritus vulvae, 
depression, dizziness, light-headedness. and headache. There have 
been infrequent reports of thromboembolic events occurring during 
NOLVADEX therapy. Since for cancer patients in general, an increased 
incidence of thromboembolic events is known to occur, a causa! rela- 
tionship to NOLVADEX remains conjectural. An increased incidence 
has been reported when cytotoxins are combined with NOLVADEX 

If adverse reactions are severe, it is sometimes possible to contro 
them by a simple reduction of dosage without loss of control of the 
disease. 

Overdosage: Acute overdosage in humans has not been reported 
Signs observed at the highest doses following studies to determine 
LDgq in animais were respiratory difficutties and convulsions. No spe- 
cific treatment for overdasage is known: treatment must be 
symptomatic 

Dosage and Administration: One or two 10 mg tablets twice a gay 
(morning and evening). 

How Supplied: Tablets containing tamoxifen as the citrate in an 
amount equivalent to 10 mg of tamoxifen (round, biconvex, uncoated 
white tablet identified with NOLVADEX 600 debossed on one side and 
a cameo debossed on the other side) are supplied in bottles of 60 
tablets and 250 tabiets. Protect from heat and fight 
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BEST ADVICE 











NEW REFERENCES 


Haagensen 
DISEASES OF THE BREAST 
3rd Edition 


The definitive reference on breast cancer, 
representing more than 55 years of 
continuous Clinical experience, this new 
edition covers all diseases of the breast 
(from simple infections to major surgical 
conditions) with a close integration of 
clinical findings and surgical pathology. 
Presents the advantages of the radical 
mastectomy (based on 57 years of statistics); 
new modalities of treatment (lumpectomy, 
etc); biochemical approaches to early 
diagnosis of breast carcinoma; much, much, 
more! 

By Cushman D. Haagensen, MD, Prof, Emeritus of 
Clinical Surgery, College of Physicians and 
Surgeons, Columbia Univ., New York, NY. About 
1026 pp., 750 illus. Jan. 1986. $90.00. #W4442-2 








Nealon 

MANAGEMENT OF THE 
PATIENT WITH CANCER 
3rd Edition 


This 3rd Edition will remain a guide to the 
treatment of the cancer patient for the 
general surgeon and family practitioner. 
Intended for the non-specialist who is 
managing cancer patients, this volume 
provides diagnostic and clinical guidelines; 
explains adjunctive therapies and empha- 
sizes long-term management. Special 
features include an expanded section on 
pain control; updated coverage of surgical, 
chemotherapeutic, radiotherapeutic and 
endocrine approaches to treatment, and 
much, much more! 

By Thomas F. Nealon, Jr., MD, Dir., Dept. of 
Surgery, St. Vincent’s Hosp. and Med. Ctr. of New 
York; Emeritus Prof. of Surgery, New York Univ. 
School of Medicine, Prof. of Surgery, New York 
Medical College. 758 pp., 644 illus., 122 tables. Jan. 
1986. $95.00. #W1075-7. 


Cooley 
SURGICAL TREATMENT OF 
AORTIC ANEURYSMS 


This well-illustrated atlas and accompany- 
ing text describe in detail the techniques for 
the surgical treatment of aneurysms, a topic 
which is becoming increasingly important 
for all surgeons. 

By Denton A. Cooley, MD. Surgeon-in-Chief, Div. 
of Cardiovascular Surgery, Texas Heart Institute, 
Houston, TX. 215 pp., 119 illus. Jan. 1986. $55.00. 
#W1398-5. 


Clip and mail this 
no-risk coupon today. 
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Hood 

SURGICAL DISEASES OF 
THE PLEURA AND CHEST 
WALL 


Provides the knowledge required for 
effective management, with an emphasis on 
acquired, rather than congenital, disorders. 
Detailed descriptions of surgical procedures 
are included, and surgical complications are 
addressed. Includes over 270 distinct 
illustrations to highlight techniques 
discussed. 

By R. Maurice Hood, MD, Prof. of Clinical 
Surgery. New York Univ. School of Medicine; 
Attending Surgeon, Bellvue Hospital, Veterans 
Administration Medical Center, New York Univ. 
Hospital, New York. 269 pp., 272 illus. Jan. 1986. 
$49.95. #W1401-9. 
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Norton & Eiseman 
SURGICAL DECISION 
MAKING II 


Following the surgeon’s thought process 
from one diagnostic or therapeutic step to 
the next, decision trees indicate the critical 
decision points for over 200 surgical 
diseases or disorders. The authors explain 
the rationale for each therapeutic regimen. 
By Lawrence W. Norton, MD, Chief of Surgery, 
Denver Vet. Admn. Med. Ctr., Prof. and Vice 
Chairman, Dept. of Surgery, Univ. of Colorado 
School of Med., Denver, CO; and Ben Eiseman, 
MD., Prof., Dept. of Surgery, Univ. of Colorado 
Health Sciences Ctr., Denver, CO. 333 pp., 137 
illus. Jan. 1986. $49.95. #W1192-3. 





Shackelford & Zuidema 


SURGERY OF THE 
ALIMENTARY TRACT 


Volume 5 (Mesentary Vasculature; 
Hernias; Small Intestine; Peritoneum; 
Omentum; Mesentary; and Retroperiton- 
eum; Surgical Nutrition), 2nd Edition 
This 2nd edition provides an even closer 
examination of the diagnosis and manage- 
ment of primary alimentary tract disorders 
and their complications. 

By Richard T. Shackelford, MD, Assoc. Prof. 
Emeritus of Surg. and the Dept. of Surgery, The 
John Hopkins Univ. School of Medicine, Baltimore, 
MD; and George D. Zuidema, MD, Prof. of Surg. 
and Vice Provost in Med. Affairs, Univ. of 
Michigan Med. Sch.; Ann Arbor, MI. 856 pp., 691 
illus. Jan. 1986. $85.00. # W8088-7. 
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THE BROADE‘S 
ANTIBICO 






INTRAVENOUS 


For presumptive therapy 

in certain seriously ill patients with: 
Infections of unknown etiology 
Mixed infections 





PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis 

PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 
Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 
faecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium 
PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating hemi with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams, 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug 
Serious hypersensitivity reactions may require epinephrine and other emergency measures 


In vitro susceptibility does not necessarily imply in vivo effectiveness. 


I SPECTROM 
TIC EVER 








Copyright © 1986 by Merck & Co., Inc 
Please see Brief Summary of Prescribing Information. 


16A 





INTRAVENOUS 


IN 





(Imipenem-Cilastatin Sodium|MSD) 


THE BROADEST SPECTRUM 
ANTIBIOTIC EVER 


Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 
Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY sabi 
tic) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 
THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS. CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually ali antibiotics, including 
PRIMAXIN: therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening. 
Mild cases of pseudomembranous colitis may respond to crug discontinuance 
alone, In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 
Precautions: Genera/-CNS adverse experiences such as myoclonic activity, con- 
fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (2.g., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. If focal 
tremors, meronis or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN shouid be decreased 
or discontinued. 
As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
nonsusceptible organisms. Repeated evaluation of the patients condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 
Drug Interactions Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of mpenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 
PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 
Carcinogenesis, Mutagenesis, impairment of Fertility-Gene toxicity studies were 
etformed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
ests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
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Canine venous autografts and allografts were interposed in the 
femoral and carotid arterial positions in-29 dogs; grafts were 
harvested at three postoperative intervals (1-2 weeks, 4-6 weeks, 
and 8-10 weeks) for light and scanning electron (SEM) micros- 
copy and lumenal surface prostacyclin (PGI) production. Normal 
veins and arteries were used as controls. Radioimmunoassay for 
tritiated. 6-k-PGF,,, the stable. metabolite of PGL, was per- 
formed using a flow surface template incubation chamber during 
basal and arachidonic acid. stimulated conditions. Using. SEM, 
the autografts revealed normal éndothelial cell (EC) surfaces at 
all time intervals; conversely, allografts exhibited extensive EC 
loss at 1-2 weeks with gradual reparation by 10-12 weeks (such 
that the EC surface was virtually indistinguishable from that of 
control veins or autografts), PGI, production was significantly 
greater in control arteries than veins (p = 0.0001). At 1-2 weeks 
and 4-6 weeks, lumenal production of PGi; ini both the autografts 
and allografts was not significantly different from control vein; 
however, PGI, production after 10-12 weeks was identical to 
normal arterial levels (and significantly [p < 0.0044] higher than 
venous levels) in both basal and stiniulated conditions. Although 
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ine mechanisms responsible for this furictiönal (ilochemicatl) 
“arterlalization” process remain conjectural, increased biosyn- 
thesis and/or release of PGI, by endothelial cells, acute phase 
inflammatory cells (allografts) mediated by interlenkin-1 or 
myointimal cells. seems most likely. Further elucidation of these 
sources of PGI, is- necessary, but these data demonstrate for the 
first time that venous grafts placed in the arterial circulation 
undergo complete functional adaptation (in addition to the well 
known morphological changes). 


dergo a predictable and characteristic set of 

morphological changes, including thickening, 
fibrosis, and subendothelial myointimal cell proliferation. 
These structural alterations (described by. Carrel’ and 
Guthrie in 1906! and subsequently termed “arterializa- 
tion”) may allow vein grafts to function as effective vas- 
cular conduits in the high pressure system but are com- 
monly believed to represent degenerative changes due to 
repetitive injury and repair presaging accelerated vein graft 


VV" Gears placed i the arterial circulation un- 
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INCUBATION CHAMBER: V = 330 pi 


Area = .36 cm? 
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VESSEL SEGMENT 
Exposed lumen 


BASE PLATE 


Fic. 1. Special template (3 chamber assay template) designed for mea- 
surement of graft and vessel lumenal surface PGI, production. 


atherosclerosis.” ? On the other hand, whether veno-ar- 
terial (V-A) grafts also undergo functional (or biochemical) 
adaptation to the arterial environment in terms of en- 
dothelial cell (EC) prostacyclin (PGI) biosynthesis and/ 
or release is less well understood, although ECs from some 
species increase PGI, output in vitro in response to in- 
creased mechanical stress,'!®-'* as a result of phenotypic 
modulation in culture’? or increased blood-endothelial 
shear rates.'* Eldor et al. demonstrated in a canine in vivo 
preparation that V-A grafts recover over a 6-week period 
the capability to produce only normal venous levels of 
PGI, which are much lower than normal arterial values 
in dogs'®; furthermore, recent work has suggested that 
preservation of venous EC PGI, production may be im- 
portant in terms of the purported increased patency rates 
of in situ vein bypass grafts compared to conventional 
(reversed) saphenous vein grafts.'®"'’ Finally, vein graft 
and native artery PGI, generation has been used as a ba- 
rometer of acute, iatrogenic functional impairment and/ 
or injury during vein graft harvesting and preparation (18- 
20) and as an indicator in vivo response to increased flow 
velocity.”! 

Work in this laboratory using canine V-A allografts as 
a model of accelerated experimental arteriosclerosis led 
us to examine this question of EC biochemical adaptation 
in both auto- and allografted veins. V-A allografts are 
exposed continuously to important, albeit variable, im- 
munologically mediated EC injury,” but PGI, pro- 
duction in these allografted veins has not been investi- 
gated. Therefore, we examined the morphological and 
biochemical characteristics of the lumenal surface of V- 
A allografts at various times and compared these changes 
with those seen in conventional (and more clinically rel- 
evant) V-A autografts. Additionally, lumenal surface 
prostacyclin generation in both types of “arterialized” vein 
grafts was compared with EC PGI, production in normal 
canine veins and arteries. 


Methods 


Twenty-nine adult mongrel dogs of either sex (13-25 
kg) underwent reversed femoral vein interposition grafting 
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of the carotid and/or femoral arteries as autografts or al- 
lografts. Normal jugular or femoral veins and carotid or 
femoral arteries were harvested from 15 other dogs to 
determine control PGI, values. Animals were anesthetized 
with sodium pentobarbital, intubated, paralyzed, with 
succinyicholine, and placed on controlled mechanical 
ventilation. Using sterile technique, we gently dissected, 
removed, and divided in half 8 cm segments of both fem- 
oral veins. These vein grafts were only gently flushed with 
and then briefly stored in cold, heparinized lactated Ring- 
er’s solution (1000 U/ml); care was taken not to distend 
or traumatize the veins. They were then reversed and 
anastomosed end-to-end into either the femoral or carotid 
arteries or both using continuous 6-0 polypropylene su- 
ture. Dogs receiving allograft veins underwent operation 
in pairs to allow interchange of the four donor vein graft 
segments between dogs. Systemic heparinization was not 
employed. 

The V-A grafts were harvested at postoperative intervals 
(1-2 weeks, 4-6 weeks, and 10-12 weeks) for electron 
and light microscopic examination and determination of 
lumenal surface PGI, production. All animals received 
humane care in compliance with “Principles of Labora- 
tory Animal Care” formulated by the National Society 
for Medical Research and the “Guide for the Care and 
Use of Laboratory Animals” prepared by the National 
Academy of Science and published by the National In- 
stitutes of Health (NIH Publication 80-23, revised 1978), 
and this protocol was approved by the Palo Alto VA 
Medical Center Animal Research Subcommittee. 

Grafts or vessel specimens not used for the PGI, assays 
were fixed in 10% buffered formalin and dehydrated in 
graded concentrations of alcohol, critical point dried, 
sputter-coated with gold, and examined with an ISI scan- 
ning electron microscope (International Scientific Instru- 
ments, Inc., Milpitas, CA). Other portions were embedded 
in paraffin and in epon and examined with light and 
transmission electron microscopy. 

Segments from the middle section of patent grafts were 
used for the lumenal surface prostacyclin assay. Harvested 
V-A grafts and normal vessels were rinsed immediately 
with room temperature normal saline, opened longitu- 
dinally, and placed in a custom-designed template incu- 
bation chamber apparatus (Fig. 1). Each 4 X 10 mm el- 
liptical hole in the upper lucite plate formed an incubation 
chamber that exposed 36 mm? of lumenal surface for assay 
of PGI, production using a radioimmunoassay according 
to the method published by Weksler’s group.”° A 0.25 ml 
aliquot of Tris-NaCl buffer (pH = 8.6) was placed in the 
incubation well for 2 minutes, quickly transferred to a 
polypropylene centrifugation tube, and then frozen at —20 
C. A second incubation was then performed using Tris 
buffer containing 20 uM arachidonic acid (AA) for stim- 
ulated PGI, measurements. All vessel specimens were 
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Fics, 2A and B. 4. Lumenal surface of 7-day-old veno-arterial autograft. In marked contrast to the allograft vein (Fig. 3A), the endothelial cells are 
essentially normal with prominent microvilli (SEM X 1700). B. Scanning electron micrograph (SEM) (X 1000) of lumenal surface of control canine 
femoral vein illustrating uniform endothelial cells, average appearance of microvilli, distinct intercellular junctions, and no leukocyte adherence. 
The absence (arrows) of occasional endothelial cells is consistent with normal cell turnover. 


immediately processed in this manner with an average of 
10 minutes elapsing from the time of vessel harvest to 
completion of the lumenal surface incubation period. Lu- 
menal surface PGI, production was measured in duplicate 
for both the basal and the AA stimulated samples by ra- 
dioimmunoassay of tritiated 6-k-PGF,,, (New England 
Nuclear, Boston, MA). Standard curves were constructed 
for each assay using known amounts of 6-k-PGF,,, (500, 
250, 100, 50, 25, and 10 pg/0.1 ml). Values of 6-k-PGF,, 
are expressed as ng/ml of incubation fluid. 

All continuous data are expressed as mean plus or mi- 
nus one standard error of the mean (SEM). Differences 
in 6-keto-PGF,,, levels were assessed using analysis of 
variance followed by either the Scheffe or Bonferroni 
multiple range test and nonpaired t-tests. A two-tailed p 
value less than 0.05 (adjusted for multiple comparisons) 
was considered to be statistically significant. 


Results 


Scanning electron microscopy revealed that the V-A 
autograft specimens generally had intact, normal appear- 
ing EC surfaces, regardless of time of implantation (Fig. 
2A). Only a few isolated ECs were missing, consistent 
with normal EC turnover as seen in control veins (Fig. 
2B). Conversely, most V-A allograft specimens had vari- 
able degrees of EC loss and/or damage. The 1-2 week V- 
A allografts exhibited the greatest extent of changes, with 
extensive endothelial ulceration leaving large areas of ex- 
posed subendothelial surface covered by platelet, leuko- 


r cyte, and fibrin masses (Fig. 3A). The ECs in the allograft 


specimens at 90 days were generally hypertrophied, con- 
sistent with ongoing cell division (Figs. 3B and 3C) in 


areas where desquamation was not present. There was 
progressively less endothelial ulceration in the allografts 
over time; after 90 days, restoration of the flow surface 
in the allografts was virtually indistinguishable in many 
areas from that seen in the autografts and the control vein 
specimens (Figs. 3C and 3D). There were, however, oc- 
casional small denuded zones, but with less platelet, fibrin, 
and leukocyte aggregation than seen in the 1-2 week al- 
lografts (Figs. 3B and 3C). 

Light microscopy also demonstrated distinct differences 
between the autografts and the allografts; although both 
types of V-A grafts had developed some degree of sub- 
endothelial fibrosis, myointimal cell proliferation, and/or 
medial fibrosis by 10-12 weeks, these processes were all 
more consistent and much more severe in the allografts 
than in the autografts. Extensive, diffuse granulocyte in- 
filtration (with fewer lymphocytes and macrophages) 
characterized the media and adventitia of the allografts 
at 1-2 weeks, while lymphocytes and plasma cells, in 
smaller numbers and in a more focal distribution, were 
seen after 3 months. 

Table | and Figure 4 summarize the results of the graft 
and vessel lumenal surface 6-k-PGF,,, assays. Normal ca- 
nine arteries produced significantly more PGI, than did 
veins (p = 0.00001 for both the basal [Fig. 4A] and the 
AA stimulated [Fig. 4B] samples). Moreover, the V-A au- 
tografts as well as the V-A allografts produced normal 
arterial levels of PGI, after 10-12 weeks; additionally, 
these values were significantly higher than venous levels 
(p < 0.00001 and p = 0.0039 [basal] and p = 0.0044 and 
p = 0.0038 [AA stimulated] for the autografts and the 
allografts, respectively). Figure 4 illustrates these changes 
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Fics. 3A-D. A. Lumenal surface of veno-arterial allograft at 7 days. Note total loss of endothelium and adhesion of fibrin and erythrocytes (SEM 
x 1700). B. Low power SEM (x500) of the endothelial surface of an allografted vein at 90 days. The endothelial surface is intact in most areas, but 
there is extensive ulceration without much adherence of formed blood elements (arrows). C. High power (<3000) SEM of the endothelial surface of 
an allografted vein after 90 days in the arterial position. There is focal endothelial cell slough with ulceration (arrow) along with an adherent fibrin 
strand and erythrocytes. D. Endothelial surface of veno-arterial allograft after 90 days. Note the intact endothelial cells with ordinary microvilli. 
which is indistinguishable from that seen in control veins (Fig. 2B) (SEM x t600) 


as a function of time. Both types of V-A grafts generated 
PGI. at all sampling times, but a substantial increase oc- 
curred only after 4-6 weeks. The differences in PGI, pro- 
duction between the autografts and the allografis were 
not statistically significant at any sampling time. 


Discussion 


Autogenous vein grafts interposed into the arterial cir- 
culation undergo characteristic morphologic alterations 
in their wall structure.**° The stress of the high pressure, 
high flow arterial system in conjunction with the obliga- 
tory vessel wall ischemia attendant with graft harvesting 
and preparation is associated with thickening of the vein 


graft wall. These changes become apparent within 1 
month of graft implantation, but the early edema, hem- 
orrhage, and cellular infiltrate later evolve into suben- 
dothelial myointimal cell proliferation and medial fibro- 
sis.>* Fonkalsrud et al.° demonstrated that canine V-A 
autografts generally recover from iatrogenic EC trauma 
within | month; moreover, the ECs appeared to be mor- 
phologically identical to those of the original vein (in- 
cluding the presence of microvilli, as shown in Figure 
3D). If considered to be a compensatory adaptive re- 
sponse, this process appears to be effective, since the rate 
of clinical graft aneurysm formation or rupture is low (°$) 
unless the autogenous vein graft is placed in a very high 
flow position, e.g., aortorenal bypass graft. On the other 
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TABLE |. Summary of Lumenal Surface Prostacyclin Production in Normal Artery, Normal vein, and Veno-arterial Autografts and Allografts 








Specimen N 1-2 Weeks N 4-6 Weeks N 10-12 Weeks 

Basal 

V-A allograft 10 1.8+0.5 8 1.3+0.2 7 3.3 £ 1.3* 

V-A autograft 4 1.0 0.3 5 1.2 + 0.4 9 48% Lit 

Normal vein 15 0.47 + O.1f — — — — 

Normal artery 15 3.8 + 0.7} — _ — —— 
Arachidonic acid stimulation 

V-A allograft 10 3.8 + 0.8§ 5 2.4 + 0.7§ 2 9.7 + 0.7* 

V-A autograft 4 1.7 + 1.1§ 5 2.3 + 0.58 9 6.5 + 2.0* 

Normal vein 15 2.7 + 0.75 — — — — 

Normal artery 15 8.6 + 0.6 —— — — — 





Data are expressed as ng/ml of 6-k-PGF,, (mean plus or minus one 
SEM). 
ANOVA: Basal-——Fo.¢s) = 5.91, p < 0.00001. 
Arachidonic acid stimulated—F,, s) = 7.01, p < 0.00001. 


hand, these morphological changes probably represent 
repetitive injury and repair and thereby reflect graft de- 
generation that pari passu may become the precursor of 
accelerated graft atherosclerosis. 977 

Whether such V-A grafts also undergo concomitant 
biochemical adaptation in the form of increased EC pros- 
tacyclin production is less clear.'*8 Arterial ECs produce 
more PGI, than do venous ECs, at least in rats,'' human 
tissue studies in vitro,'? and dogs.'> The reason for this 
difference is not completely understood but may relate to 
augmented platelet-vessel wall interaction in the arterial 
circulation as a result of higher flows, pressures, and shear 
stresses.'*?! Venous ECs are morphologically different 
than arterial ECs,° but it is unknown whether this rep- 
resents different cell types or structural (and/or biochem- 
ical) phenotypic modulation of EC function as a result of 
the different hemodynamic environment.'? It has been 
demonstrated that arterial ECs adapt to increased physical 
and mechanical stress by increasing PGI, biosynthesis 
and/or release,'°!'' which teleologically inhibits platelet 
adhesion and platelet-endothelial cell interactions.??~! 
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Fics. 4A and B. Results of basal (A) and arachidonic acid stimulated (8) prostacyclin production (assessed as 6-ket 
veins, normal arteries, V-A autografts (AUTO), and V-A allografts (ALLO) at various sampling times. 


* p < 0.05 vs. normal vein. 

+ p < 0.0002 vs. normal vein. 

tp < 0.00001 (vein vs. artery). 

§ p < 0.01 (Allograft) or < 0.05 (Autograft) vs. normal artery. 


Arterial ECs from spontaneously hypertensive rats pro- 
duce more PGI, than do ECs from nonhypertensive rats.'° 
Rat aortic rings exposed to increased mechanical stresses 
in vitro increase PGI, synthesis,'° and cultured ECs from 
several species respond to mechanical stretch or shear by 
producing more PGI, .'07!78 

Eldor et al.'> showed that the lumenal surface of “‘ar- 
terialized” segments of autogenous canine jugular vein 
exposed to arterial flow and pressure for a 6-week period 
did not produce significantly greater quantities of PGI, 
than did control (normal) vein. This finding was also ob- 
served after arachidonic acid stimulation; furthermore, 
full thickness vessel wall homogenates of the V-A auto- 
grafts actually produced significantly less PGI, than did 
normal vein under unstimulated conditions.'* Both nor- 
mal vein and the V-A autografts produced significantly 
less 6-k-PGF,,, than did carotid artery. These observations 
suggested that the EC surfaces of arterialized V-A auto- 
grafts are repopulated by venous ECs that do not undergo 
any substantial functional adaptation to the high flow and 
pressure arterial environment. It must be re-emphasized, 
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SPECIMEN 
6f- fF ELDOR et ai 6 weeks V-A AUTO 
2) HOOVER et al 6 weeks V-A AUTO {control} 


RATIO 5j- 3) HOOVER et al 6 weeks V-A AUTO (K*CP} 
a O2-PGF | 4 VA AUTO t- 2 weeks 
| SPECIMEN | 4| SI¥-AAUTO &-6weeks 
EPE 6i V-A AUTO 10- 12 weeks 
|] BekK-PGFin | 7} V-A ALLO 1- 2 weeks 
Lo YEN jaf BV-AALLO © 4-6 weeks 


9) V-A ALLO 10 - 12 weeks 








AUTHORS 4 2 3 4 5 6 ? 8 ÉJ 
SPECIMEN 


HENDERSON AND OTHERS 


Ann. Surg. » April 1986 


B 


SPECIMEN 


1J ELDOR etal 6 weeks V-A AUTO 
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Fics. 5A and B. Graft, venous, and arterial prostacyclin generation in the perspective of previous observations reported by others: Eldor et al.!$; 
Hoover et al.'® To adjust for differences in analytical techniques and incubation template chamber size, these measurements are expressed as a ratio 
compared to normal vein production (6-keto-PGF,,, produced by the graft divided by that produced by control vein). A. The basal measurements 
are illustrated; maximal (arachidonic acid) stimulated values are shown in B. AUTO = veno-arterial autograft; ALLO = veno-arterial allograft; K*CP 


= potassium cardioplegia infusion. 


however, that these experiments were only performed after 
6 weeks of graft implantation. Similar findings have also 
been reported subsequently from Weksler’s laboratory in 
studies of various modes of vein graft injury'®?°; again, 
only 6 week specimens were analyzed. 

We have demonstrated that lumenal surface PGI, pro- 
duction of both V-A autografts and allografts is signifi- 
cantly greater than that in normal canine veins after 10- 
12 weeks (Table | and Fig. 4). Importantly, the amount 
of PGI, generated by both types of grafts at this time was 
not significantly different than that produced by normal 
canine artery. Since our serial data demonstrated a marked 
increase in 6-k-PGF,, production between 6 and 12 weeks 
(Fig. 4), the apparent discordance between the results of 
Eldor et al.'* and Hoover et al.'* and those reported herein 
is probably simply a function of the time elapsed since 
graft implantation. This hypothesis is graphically illus- 
trated in Figure 5, where data from all three investigations 
(normalized as a ratio of normal vein PGI, production) 
are shown as a function of graft implantation time. 

The fact that both types of reversed (ischemic) V-A 
grafts recovered the capability to produce PGI, over time 
probably does not detract from the utility of using such 
measurements minutes to hours after vein harvesting and 
preparation to assess the magnitude of iatrogenic trauma 
incurred and to compare methods designed to minimize 
this injury.'©*! Our findings do, however, call into ques- 
tion the practical and clinical long-term relevance and 
significance of such data, especially in regard to the pur- 
ported superiority of in situ saphenous vein grafts for 
femoral-popliteal and femoral-tibial bypass grafting.” In- 
deed, recent work from Bush’s laboratory (using a different 
analytical approach) appears to confirm our observation 
that any early difference in lumenal surface PGI, gener- 
ation between in situ and reversed canine V-A autografts 
diminishes over time.” 

It is interesting that the severely denuded flow surface 


of the V-A allografts (Fig. 3A) generated similar amounts 
of PGI, compared to the relatively normal autograft EC 
lumenal surface (Fig. 2A) at the early sample time (Figs. 
4 and 5); indeed, PGI, production by V-A allografts was 
statistically indistinguishable from that in V-A autografts 
at all three sampling times. Explanations for this obser- 
vation include the possibility that the few remaining ECs 
in the allografts at 1-2 weeks produce more PGI, per 
cell'?8 (compared to the relatively normal ECs in the 
autografts) or that local release of interleukin-1 (IL-1) 
during this rejection phase is responsible for augmented 
PGI, synthesis.” As a corollary, the origin of the ECs 
repopulating these V-A allografts (host or donor) was not 
examined; however, we suspect that the majority of the 
ECs lining these (relatively short) V-A allografts was of 
host origin within several weeks after implantation. Nev- 
ertheless, the allograft ECs did appear to be somewhat 
hypertrophied compared to those in the autografts. If so, 
this might indicate EC adaptation consistent with the in 
vitro response demonstrated in several species. 10714712832 
Another explanation entails PGI, generation from sources 
other than endothelial cells. This hypothesis is consistent 
with findings in rats after balloon catheter injury” and 
suggests a salutary role for myointimal cells in ‘‘arterial- 
ized” V-A autografts and allografts vis-a-vis platelet adhe- 
sion and degranulation. 

Our observations clearly demonstrate that EC produc- 
tion of prostacyclin is responsive over time to the altered 
environment associated with autogenous or homologous 
vein grafts interposed into the arterial circulation. The 
mechanism responsible may be increased biosynthesis 
and/or release of PGI, from venous ECs, repopulation of 
the graft with arterial ECs, PGI, production by cells other 
than ECs (e.g., myointimal cells and other cells [mediated 
by IL-1 during the inflammatory response]), or a com- 
bination of these mechanisms.^68-15-17-21,.26-28 Although 
electron microscopic studies have shown different mor- 
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phologic characteristics of venous and arterial ECs,’ it 
remains to be determined whether these differences reflect 
truly different cell populations or simply various degrees 
of phenotypic modulation induced by the different he- 
modynamic environment.'*!*?8 In either case, the V-A 
bypass grafts examined in this study demonstrated sig- 
nificant changes in PGI, generation as a function of time 
of implantation; we believe such behavior represents 
functional, biochemical adaptation to the mechanical 
stresses imposed by the arterial circulation. Despite the 
fact that Carrel and Guthrie did not actually mention the 
word “arterialization” in their seminal 1906 paper,' the 
data presented herein amplify the meaning of this word, 
whether its connotations be positive or negative. Veno- 
arterial bypass grafts, whether they are of autologous or 
homologous origin, become “‘arterialized” in both func- 
tional as well as morphological terms. 
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During a 21-year period, 39 colon interposition operations were 
performed on 37 children at the UCLA Medical Center and the 
Childrens Hospital of Los Angeles. The average age at the time 
of operation was 5.8 years. The indications for operation were 
esophageal atresia in 23 patients and other benign strictures in 
14 patients. The duration of patient follow-up ranged from 6 
months to 21 years (mean: 9.7 years). The most common com- 
lications were esophagocolonic anastomotic leak (12), esopha- 
gocolonic anastomotic stricture (14), pneumonia, and pneumo- 
thorax. Fourteen of the 25 patients with retrosternal colon in- 
terposition had complications (56%), whereas 10 of 14 patients 
with left thoracic colon interposition had complications (71%). 
One patient died (mortality: 3%) after left thoracic interposition 
because of severe respiratory distress associated with other mal- 
formations. Each of the 18 patients with isoperistaltic colon in- 
terposition showed rapid transit and emptying, provided that 
obstruction or extensive dilatation did not occur; reverse colon 
segments were more dilated and emptied more slowly. The 25 
patients with retrosternal colon segments had less colonic dis- 
tension with better emptying than did the 14 patients with left 
thoracic interposition. Thirty-two of the 36 children increased 
their weight percentile after colon interposition. Within 2 years 
after cervical anastomotic stricture or leak, 78% of these children 
were asymptomatic and gaining weight. Thirty-one of the 37 
patients (84%) had excellent results with colon interposition, 
with a mean follow-up of 9.7 years. Most of the major postop- 
erative complications occurred within the first few weeks and 
were corrected during the first few months after operation. Pres- 
ervation of the esophagus should be the surgeon’s first priority; 
however, prolonged attempts to elongate the esophagus for 
anastomosis in certain patients with long-gap esophageal atresia 
have been more hazardous in our experience than has colon in- 
terposition. 


ESPITE A VARIETY of techniques to preserve the 
esophagus,'* occasionally children with long- 
gap esophageal atresia, severe caustic or peptic 

esophageal strictures, and various other esophageal dis- 
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orders require esophageal replacement. Kelling’ and 
Lundblad® in the early 1900’s were the first to use colon 
for esophageal substitution in patients with esophageal 
atresia, more than two decades before the first primary 
repair of the anomaly was successful. Substernal colon 
interposition for esophageal replacement in children was 
first described by Dale and Sherman in 1955.’ In 1957, 
Sherman and Waterston® presented a technique of inter- 
posing a segment of isolated colon into the left chest for 
children with esophageal atresia and reviewed the world 
experience with colon replacement of the esophagus. 

Although jejunal or ileal segments have been used to 
replace short portions of the esophagus, these techniques 
have not been feasible for complete esophageal replace- 
ment in children. Gastric tube esophagoplasty has been. 
advocated by many surgeons during the past 20 years and 
extensive experience has been reported in children with 
moderately good results.?7!! 

Scant information is available regarding the long-term 
functional results as well as growth and development of 
children who have undergone colon interposition for 
esophageal replacement.'!2-'® Low complication rates and 
good functional results appear to depend more on expe- 
rience with the operative technique employed rather than 
whether the stomach or colon is used for the substitute; 
nonetheless, comparable long-term follow-up of these two 
techniques is not available. Inasmuch as many surgeons 
avoid esophageal replacement for long-gap esophageal 
atresia and other conditions in the belief that the patient’s 
own remaining esophagus is generally better than an in- 
terposed segment of colon or stomach, this study was un- 
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dertaken to evaluate the incidence and severity of com- 
plications as well as the functional results on growth and 
development in pediatric patients who have undergone 
colon interposition for esophageal replacement. 


Patients and Methods 


During the 21-year period from 1964 through 1985, 39 
colon interposition operations were performed on 37 
children at the UCLA Medical Center (18 patients) and 
the Childrens Hospital of Los Angeles (19 patients). The 
hospital records of all patients were reviewed and follow- 
up information was obtained, particularly regarding 
growth and development and eating habits. There were 
20 boys and 17 girls. The average age at the time of colon 
interposition for esophageal interposition was 5.8 years. 
Twenty-five colon interpasitions were constructed in the 
retrosternal position, and 14 were placed into the left chest. 
The colon graft was from the right colon in 23 patients, 
transverse colon in 13, and the left colon in three. All 
patients underwent appendectomy and gastrostomy at the 
time of colon interposition; pyloroplasty or pyloromy- 
otomy was perfornied in all but one patient. © ` 

Esophageal atresia and benign strictures were the two 
most common conditions necessitating colon replace- 
ment. The largest group of children consisted of:23 infants 
with esophageal atresia; eight had distal tracheoesophageal 
fistulas (Type C); 14 had no fistula (Type A); and one had 
the “H-type” fistula without esophageal atresia. Associated 
anomalies were present in eight of the 23 children with 
esophageal atresia, including right-sided aortic arch (3), 
dextrocardia (2), annular pancreas (1), trisomy 21 (1), 
atrial septal defect (2), ventricular septal defect (1), and 
VATER-associated anomalies (1). Birth weights for infants 
with esophageal atresia averaged 2623 grams. At the time 
of colon interposition, the average weight was 10.6 kg and 
the average age was 22 months. Eighteen infants under- 
went thoracotomy either for ligation of the tracheoesoph- 
ageal fistula or attempted primary repair of the esophageal 
atresia at birth. The remaining five (all Type A) had a 
gastrostomy and cervical esophagostomy in early infancy. 
Two of the 14 infants with esophageal atresia underwent 
repeated bougienage stretching of the upper esophageal 
pouch for up to 1 year without obtaining adequate length 
to perform an esophagoesophagostomy. f 

Ten children with esophageal strictures required 
esophageal replacement; four were secondary to caustic 


injuries, four were secondary to severe chronic gastro- 


esophageal reflux, one was due to Candida esophagitis, 
and one had 4 long congenital stricture. Esophageal per- 
foration and stricture occurred in one of the patients with 
chronic reflux after long periods of steroid therapy for a 
kidney transplant. In this patient, 10 months after'a suc- 
cessful colon interposition, esophagectomy and closure 
of a bronchopleural fistula were performed. All four pa- 
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tients with caustic strictures had numerous esophageal 
dilatations prior to esophagectomy and colon interposi- 
tion. The patient with Candida esophagitis received ex- 
tensive chemotherapy for acute myelogenous leukemia 
and despite 5 months of gastrostomy feedings and esoph- 
ageal dilatations, while in remission from the tumor, re- 
quired a colon interposition for a long intractable stricture. 
The average weight of the 10 children with esophageal 
strictures was 30.0 kg, and the average age was 12.2 years 
at the time of colon interposition. 

In two adolescent patients with achalasia and severe 
esophageal dysmotility, initial attempts to alleviate 
esophageal symptoms with esophagomyotomies and gas- 
troesophageal fundoplication were unsuccessful. Each of 
these patients developed a massive megaesophagus that 
was inadequate to deliver oral feedings into the stomach 
despite a widely patent gastroesophageal junction; each 
received a colon interposition and has swallowed well 
thereafter. 

Portal hypertension due to portal and splenic vein 
thrombosis in a 12-year-old girl was treated by splenec- 
tomy with mesocaval shunt, which failed to control 
bleeding varices; thoracic esophagectomy with colon in- 
terposition was performed later with no further bleeding 
for more than 11 years. 

Another 12-year-old girl had the dystrophic recessive 
form of epidermolysis bullosa (reported previously’), in 
which the entire midesophagus was strictured; repeated 
dilatations caused severe injury to the esophageal mucosa. 
A substernal right colon interposition was performed to 
facilitate feeding, and an excellent result has been achieved 
for over 9 years. 
` The duration of patient follow-up ranged from 6 
months to 21 years (mean: 9.7 years). Overall morbidity 
was 58% for infants undergoing colon interposition for 
esophageal atresia and 67% for patients with noncongen- 
ital strictures. Leak from the esophagocolonic anastomosis 
in the neck was the most common early complication, 
occurring in 12 patients (32%), and was diagnosed most 
often on esophagram approximately 1 week postoperation 
before oral feedings were started (Table 1). The cervical 
anastomotic leak closed spontaneously within 3 months 
in eight patients; four children underwent reoperation to 
close the anastomotic leak. In two of the latter patients, 
vascular insufficiency of the upper end of the interposed 
colon segment developed. One of these children under- 
went a transthoracic colon interposition for distal peptic 
esophageal stricture in whom a large intrathoracic leak 
developed with abscess formation in the posterior me- 
diastinum. The necrotic colon segment was removed 8 
days after operation, and 3 months later a retrosternal 
interposition of right colon was constructed with no post- 
operative complications. The other child underwent left 
thoracic colon interposition for esophageal atresia and 
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TABLE 1. Complications Following Colon Interposition 
for Esophageal Replacement 
Retro- Left 
sternal Thoracic 
(25 patients) (14 patients) Total 

Esophagocolic anastomotic 

leak 8 4 12 
Esophagocolic anastomotic 

stricture 9 14 
Necrosis of upper end of 

colon segment 0 1 1 
Death 0 1 ] 
Pneumonia 3 2 5 
Pneumothorax 1 i 2 
Pericarditis 1 0 1 
Distal colesophageal 

stricture 1 0 1 
Small-bowel obstruction 1 I 2 
Prolonged swallowing 

difficulty I 0 1 

. Total 25* 15t 


* Complications in 14/25 patients (56%). 
t Complications in 10/14 patients (71%). 


developed ischemic necrosis of the upper portion of the 
colon segment. The colon segment was removed and a 
cervical esophagostomy was used for another 6 years. At 
that time, a left colon segment was placed in a retrosternal 
position and has functioned well during the ensuing 2 
years. l 

Other early postoperative complications included 
wound infection (2), pneumonia (5), pneumothorax (2), 
pericarditis (1), and Horner’s syndrome (1). 

Among the 37 patients, there was only one early death 
(3%), which occurred in an infant with Type C esophageal 
atresia, dextrocardia, and patent ductus arteriosus. This 
infant developed pneumonia and ventilatory insufficiency, 
requiring prolonged endotracheal intubation after repair 
of a tracheoesophageal fistula and esophageal atresia due 
to anastomotic leak and mediastinitis. The infant also 
suffered neurologic damage from a previous intracranial 
hemorrhage. At the age of 11 months, the patient died 5 
weeks after left thoracic colon interposition due to severe 
respiratory complications. 

Stricture at the upper esophagocolonic anastomosis was 
the most common late complication, occurring in 14 pa- 
tients (38%). Ten of these patients had early postoperative 
anastomotic leaks. Cervical anastomotic stricture occurred 
nine times in 23 patients (39%) with esophageal atresia 
and five times in the 14 patients with noncongenital stric- 
tures (36%). In nine of the 14 patients, the stricture was 
successfully dilated and each of these children has pro- 
gressed well without difficulty in swallowing. The other 
five patients required operative revision after unsuccessful 
dilatation 4 to 18 months after the colon interposition. 
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Infrequent late complications included small-bowel 
obstruction (2) and distal coloesophageal stricture (1) 
(lower end of colon segment anastomosed to short esoph- 
ageal segment extending above the diaphragm in an infant 
with Type A esophageal atresia). This last patient devel- 
oped gastrointestinal bleeding from an ulcer in the distal 
end of the colon segment as a result of severe gastrocolic 
reflux. The distal coloesophageal stricture was resected 
and converted to a cologastrostomy, and a pyloroplasty 
was constructed. This was the only patient in the present 
series who did not have a pyloroplasty at the time of colon 
interposition. The infant was treated with antacids and 
has been asymptomatic for 44 years. 


Results 


Currently, 31 of the 36 surviving children (86%) are 
well and asymptomatic. Four patients have mild dys- 
phagia with slight difficulty in swallowing meat. One who 
had a previous cervical anastomotic leak and subsequent 
stricture that was successfully dilated has experienced 
marked delay in taking oral feedings and continues to 
take more than 60% of feedings via gastrostomy tube 7 
months postoperation. There is no stricture at either upper 
or lower colonic anastomosis and no gastrocolic reflux in 
this patient; contrast roentgenograms show prompt emp- 
tying of the colon interposition segment. - 

Radiographic contrast swallow studies were performed 
on 22 of the 36 surviving patients 3 or more years after 
operation. Eighteen of these patients had isoperistaltic co- 
lon interposition segments, each of whom showed rapid 
transit and emptying if extensive dilatation did not occur 
(Fig. 1). Patients with antiperistaltic colon interposition 
segments experienced a longer delay in emptying unless 
the patient was sitting directly upright. Each of the three 
reversed colon segments was more dilated than the iso- 
peristaltic colon segments. The 25 patients with retroster- 
nal colon segments were significantly less distended and 
appeared to empty better than the 13 with functioning 
colon segments in the left chest (Table 1). 

Analysis of growth curves for the 36 surviving patients 
by mean weight percentiles shows that none of the patients 
decreased their position on the growth curve after colon 
interposition, whereas 32 of the 36 have increased their 
weight percentile postoperation. The mean weight per- 
centile for children with esophageal atresia improved from 
27.1% + 9.0 preoperation to 29.1% + 8.6 at latest follow- 
up (mean: 4.8 years). Almost all.of these patients had 
received extensive gastrostomy feedings before operation. 
Patients with long noncongenital strictures showed a sig- 
nificant increase (p > 0.001) in mean weight percentile 
from 12.7% + 6.2 preoperation to 29. 3% + 8. 9 at most 
recent follow-up (mean: 3 7 years). 
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Discussion 


Although esophageal replacement with interposed co- 
lon segments has been performed in children for more 
than 70 years, Dale and Sherman in 1955 were the first 
to interpose the colon in a retrosternal position.’ Water- 
ston and associates®'’ first popularized transthoracic colon 
interposition for esophageal atresia with acceptable sur- 
gical mortality and excellent short-term functional results 
in 1957. Recent reports utilizing both the retrosternal and 
transthoracic colon interposition in children have indi- 
cated that 88% of patients had good results with up to a 
12-year follow-up.'*'8 

Analysis of the growth patterns and functional results 
in the present study demonstrated that 31 (84%) of our 
patients had excellent results with colon interposition 
(mean follow-up: 9.7 years). Most of the major postop- 
erative complications occurred within the first few weeks 
and were corrected during the first few months after op- 
eration. It is gratifying that 32 of the 36 patients have 
increased their weight percentile after operation. Two pa- 
tients are 20 years postoperation. 

Complications related to the cervical coloesophageal 
anastomosis (leak and/or stricture) have been the major 
source of morbidity in our series (42%) and have been 
reported as high as 70% in another series.!? The major 
technical feature leading to an upper anastomotic fistula 
or stricture is the vascularity of the proximal end of the 
colon interposition. If the upper end of the colon segment 
does not appear adequately vascularized, it is best to return 
it to the abdomen and use another segment of colon, as 
performed in two patients from the present series. Another 
cause for cervical anastomotic leak and/or stricture is gas- 
trocolic reflux. It is imperative to perform a pyloroplasty 
or large pyloromyotomy to minimize the risk of reflux; 
the only patient in the present study without a pyloroplasty 
developed reflux. Some patients who are given large-vol- 
ume feeds via the gastrostomy tube in the early postop- 
erative period may develop reflux even with normal gastric 
emptying. Small frequent feedings are therefore recom- 
mended during the early postoperative period. 

At least two patients in the present series may have had 
inadvertent suctioning catheters pushed against the cer- 
vical anastomosis on a few occasions, which may have 
played a role in the development of the leak. Esophago- 
colonic fistulae usually close spontaneously with time, if 
the anastomosis is patent and there is no significant ob- 
struction at the level where the colon enters the chest. 
Dilatation of anastomotic strictures is occasionally nec- 
essary. Operative repair of anastomotic strictures that are 
localized in a colon segment with good blood supply is 
only rarely necessary and is often followed by recurrent 
fistula. Within 2 years after cervical anastomotic stricture 
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Fic. 1. Barium esophagram performed 16 years following retrosternal 
isoperistaltic right colon interposition for long-gap esophageal atresia at 
age 1' years. The patient had transsternal repair of coloesophageal stric- 
ture at age 3 years. There is minimal colonic distension and no anas- 
tomotic narrowing. 


or leak, 78% of the patients were asymptomatic and gain- 
ing weight. Campbell and associates'® recorded four in- 
stances of colon graft failure and eight cervical anasto- 
motic leaks in which graft viability was questionable. The 
only graft failure in the present report occurred as a result 
of inadequate blood supply to the upper end of a trans- 
thoracic interposed colon segment. Other reports have 
emphasized construction of a wide thoracic inlet to pre- 
vent obstruction of venous drainage? and an effective 
preoperative mechanical bowel preparation”! to minimize 
the consequences of graft failure and anastomotic leak. 
We have preferred the isoperistaltic construction for 
colon interposition as recommended by many other au- 
thors. Sieber and associates’* in 1968 by means of cinera- 
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diographic and manometric studies showed that the colon 
segment emptied by gravity in most patients. They de- 
scribed a “cascade” effect with ineffectual colonic con- 
tractions, which they identified in both isoperistaltic and 
antiperistaltic colon segments. In contrast, Jones and as- 
sociates, Clark and associates,” and Benages and asso- 
ciates** performed manometric studies on isoperistaltic 
colon interpositions with intraluminal injection of water 
and hydrochloric acid. The presence of segmental waves 
in the interposed colon with rapid clearance `of an acid 
bolus supports the view that the isoperistaltic segment 
functions more than by gravity and may be better than 
the antiperistaltic segment. Eas 

Upper gastrointestinal hemorrhage after colon inter- 
position is rare in children who have normal gastric emp- 
tying.” In the present series, one child developed two ep- 
isodes of bleeding from the colon segment just above the 
gastric anastomosis; pyloroplasty was not performed at 
the initial operation and a barium swallow study revealed 
free gastrocolic reflux. Although interposed colon seg- 
ments appear to have resistance to mild acid reflux because 
of active contraction and bicarbonate secretion,” a gastric 
drainage procedure ‘appears necessary to minimize severe 
reflux. Among the 36 patients who had pyloroplasty in 
the present series, none developed symptomatic reflux or 
evidence of dumping syndrome. Placement of the colo- 
gastric anastomosis high on the anterior wall of the fundus 
appears to reduce the incidence of reflux. Anastomosis of 
the lower end of the colon segment to the distal eso- 
phagealremnantslightlyabovethediaphragm isnot feasible 
with retrosternal interposition and was technically diff- 
cult in two patients with transthoracic interposition lead- 
ing to anastomotic stricture that required operative revi- 
sion in one. 

The present study suggests that better function and 
fewer complications occur when the interposed colon seg- 
ment is placed in a retrosternal (25 patients) rather than 
a transthoracic (14 patients) position. When colon inter- 
position is contemplated, the physician should be assured 
that a congenital heart defect that will require surgical 
repair is not present, since median sternotomy and open 
heart surgery is technically more difficult with a retroster- 
nally placed colon interposition. The only child who died 
had a transthoracic colon interposition. Arguments against 
the retrosternal colon position'® have included poor vas- 
cular supply, frequent dysphagia, and cervical bulging with 
swallowing. We have observed the right colon to have an 
excellent vascular supply in infants and young children 
when placed in a retrosternal position. Careful enlarge- 
ment of the thoracic inlet by resecting cartilage from the 
superior and posterior surfaces of the sternoclavicular 
junction and by dividing the medial head of the sterno- 
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mastoid muscle reduces the incidence of dysphagia and 
bulging in the neck when swallowing. 

Replacement of the esophagus with a left thoracic gas- 
tric tube constructed from the greater curvature has pro- 
vided good clinical results in several patients.”™!!26 Ein? 
reported on 30 gastric tubes performed over a 14-year 
period and observed a 63% morbidity and 10% mortality; 
77% of the patients underwent routine splenectomy. In 
the present series, none of the patients with colon inter- 
position underwent splenectomy. In 1983, Lindahl and 
associates?” compared colon interposition with gastric tube 
esophagoplasty in a follow-up study of 29 patients with 
esophageal atresia. These authors concluded that although 
colon interposition and gastric tube replacement have 
equally good short-term results, the gastric tube procedure 
was somewhat easier to perform technically; long-term 
follow-up shows that the isoperistaltic colon segment 
empties more easily and with peristalsis. 


Conclusion 


The present review confirms the many technical diffi- 
culties in reconstructing a child’s esophagus. Preservation 
of the esophagus should be the surgeon’s first priority; 
however, in cases requiring esophageal replacement, ad- 
equate growth and satisfactory long-term functional re- 
sults can be achieved with colon interposition. In our ex- 
perience, prolonged attempts to elongate the esophagus 
for anastomosis in some patients with long-gap esophageal 
atresia have been more hazardous than has colon inter- 
position. 
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Fifteen patients with Zollinger-Ellison syndrome followed at the 
National Institutes of Health with extensive metastatic disease 
had an actuarial 5-year survival of 20%. Therefore, in 1982 a 
prospective study to examine the effect and feasibility of removing 
all gross tumor in selected patients with extensive metastatic 
disease was instituted. Five patients with extensive metastatic 
gastrinoma confined to the abdomen in whom imaging studies 
suggested the possibility of complete surgical resection were en- 
tered into this study and underwent attempted complete surgical 
resection and chemotherapy with streptozotocin, doxorubicin, 
and 5-fluorouracil. Median follow-up was 24 months. Surgical 
resection of all gastrinoma was possible in 4/5 patients attempted. 
In one patient in whom all gross disease could not be resected, 
the residual tumor progressed and the patient died 19 months 
after operation. All four patients with all disease resected ap- 
peared to benefit since all of them had a significant reduction in 
antisecretory medications and are enjoying normal activity and 
work. Three patients have had no detectable tumor on follow- 
up, and two of these patients are clinically and biochemically 
“cured” with normal fasting gastrin levels and negative provoc- 
ative gastrin tests at 14 and 32 months. Therefore, aggressive 
resection of metastatic disease in selected patients with malignant 
gastrinoma is recommended. 


F PATIENTS with Zollinger-Ellison syndrome, 25- 

40% have metastatic disease.’ In Zollinger’s ex- 

perience, 60% of gastrinomas are malignant.” 

Fifty per cent of patients treated with total gastrectomy 

or medical antisecretory therapy will eventually die of 
their tumors. 

The best treatment for metastatic gastrinoma is not 
known. Total gastrectomy has been reported to result in 
a reduction in size of metastatic deposits in a rare patient’; 
in the premedical antisecretory era, it was suggested that 
total gastrectomy improved survival rate of patients with 
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metastatic disease.” However, in subsequent studies, it was 
shown that total gastrectomy furnished neither predictable 
nor permanent protection from subsequent tumor growth 
and metastases. Chemetherapy is partially effective 
against metastatic gastrinoma; however, no complete re- 
sponses or cures have been documented.’ Another com- 
plicating factor in treating patients with metastatic gas- 
trinoma is the variable clinical course. Some patients can 
be followed more than 20 years with stable or slowly pro- 
gressive metastatic disease, whereas in others the tumor 
progresses rapidly and causes the patient’s death.’ 

In the studies of Zollinger et al., patients with metastatic 
gastrinoma had a 5-year survival rate of 42% and a 10- 
year survival rate of 30%.° In these early studies, good 
imaging techniques were not available. The extent of dis- 
ease was generally established at surgery, and thus the 
true extent of metastatic disease was difficult to establish. 
Since January 1975, we have performed detailed imaging 
studies on all patients with Zollinger-Ellison syndrome 
and found that in 15 patients with extensive metastatic 
disease, the actuarial 5-year survival was 20% (Fig. 1). 

Zollinger et al.? have noted that in patients with gas- 
trinomas complete tumor resection prolonged average 
survival from 3 years to 9 years. These observations have 
been interpreted by Zollinger? and other authorities to 
support an aggressive surgical attempt to resect metastatic 
gastrinoma, including major hepatic lobectomy.’ How- 
ever, in those reports, patients with advanced disease were 
included with other patients who had minimal disease.’ 


S 
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In 1982, we instituted a prospective study to attempt to 
resect all gross tumor in any patient with extensive gas- 
trinoma in whom we thought it might be possible to do 
so with a 20% operative mortality or less. We combined 
this aggressive surgical approach with a chemotherapy 
regimen that gave a 60% response rate.” The present paper 
reports five patients who underwent this regimen. Two 
patients treated with surgery and’ chemotherapy have a 
complete biochemical and radiographic arrest of Zollin- 
ger-Ellison syndrome with follow-up of 14 and 32 months, 
respectively. 


Methods 


During the period from January 1975 to August 1985, 
87 patients were seen at the National Institutes of Health 
(NIH) with Zollinger-Ellison syndrome. Each patient was 
evaluated initially for the extent of gastrinoma by ultra- 
sound, abdominal computed tomography (CT) with in- 
travenous contrast, and abdominal angiography. Twenty 
patients (23%) of 87 had extensive metastatic gastrinoma 
confined to the abdomen. Since January 1982, we have 
evaluated aggressive surgical removal of all gross disease 
to determine if it is feasible and helpful in such patients. 
Ten of the 20 patients with extensive metastatic disease 
confined to the abdomen presented after January 1982. 
The imaging studies in these 10 patients suggested that 
in five the full extent of tumor might be surgically re- 
sectable, and these patients were selected for the current 
study. Four of the five patients were-given chemotherapy 
after and one before operation as monthly cycles con- 
sisting of’ streptozotocin 3.0 g/m? body surface area, 
doxorubicin 40 mg/m?, and’5-fluorouracil 1200 mg/m?. 

Each of the five patients was admitted within 2 months 
of surgery and underwent the following evaluations: mea- 
surement of fasting serum gastrin; secretin provocative 
testing using 2 units/kg of GIH secretin'®; calcium pro- 
vocative testing using 5 mg/kg body weight per hour for 
3 hours''!*; determination of basal and pentagastrin 
stimulated maximal acid output after discontinuation of 
all antisecretory medications’; determination of the in- 
travenous dose of cimetidine that reduced gastric acid se- 
cretion to less than 10 mEq/hr; and determination of the 
effect of a single dose of oral ranitidine or cimetidine on 
basal acid secretion. i 

To further define the extent of the tumor, the following 
studies were performed on each of the five patients before 
surgery: chest roentgenograms, full lung tomograms, bone 
scan, bone survey, liver-spleen scan, upper gastrointestinal 
endoscopy and x-ray including hypotonic duodenography, 
CT of the abdomen with intravenous contrast, ultrasound, 
and arteriography (celiac, superior mesenteric, hepatic, 
splenic, gastroduodenal, and additional vessels as dictated 
by other imaging studies). If metastatic gastrinoma to the 
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Fic. 1. Actuarial survival of [5 patients with metastatic gastrinoma. Ten 
of 15 patients were dead with a median follow-up of 24 months. 


liver was suggested by the imaging studies, particular at- 
tention was given to the distribution of metastases to de- ` 
termine whether the metastases were limited to one lobe. 
If selective arteriography and CT scans gave differing re- 
sults, CT of the liver with lipid soluble contrast material 
(EOE-13) was performed.'* In patients considered for 
partial hepatic resection or in whom tumor might involve 
the vena cava, an inferior vena cavagram was performed. 

Serum gastrin determinations were performed by Bio- 
science Laboratories (New York, NY) using Walsh gastrin 
antibody No. 1611 (lot 4A). All serum gastrin samples 
were diluted to give levels in the middle of the gastrin 
standard curve. On the evening prior to surgery, oral an- 
tisecretory medication was stopped and intravenous ci- 
metidine was begun at a rate determined to maintain gas- 
tric acid secretion to less than 10 mEq/hour. This was 
continued through the operative and postoperative period 
until the patient was able to take oral antisecretory med- 
ications. 

The goal of surgery was to remove all tumor identified 
on preoperative studies as well as any additional tumor 
identified at operation. At laparotomy, the pancreas, 
stomach, liver, mesenteric, and retroperitoneal areas as 
well as areas suggested to be involved by the preoperative 
studies were carefully explored. In each of the three pa- 
tients who underwent liver resections, the abdominal in- 
cision was extended into the right chest to facilitate ex- 
posure of the right lobe of the liver. Bulk tumor in the 
liver was removed by formal right hepatic lobectomy in 
two and trisegmentectomy in one patient. The Cavitron 
Ultrasonic Dissector (Cooper Medical, Stamford, CT) was 
used to divide the liver parenchyma. All visible tumor 
was excised including enucleating tumor from the con- 
tralateral liver lobe in the one patient with the trisegmen- 
tectomy. Subtotal pancreatic resections with splenecto- 
mies were performed in three patients, the cut surface of 
the pancreas was divided with the thoracoabdominal 55 
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TABLE 1. Clinical Characteristics of Patients 





Duration from 





Patient Onset Symptoms Duration from Antisecretory 
Number Age/Sex (yrs) Diagnosis (yrs) Previous Surgery Medications* 
li 43/M 45 1 l—Splenectomy; gastrinoma Cimetidine 900 mg Q6 hr 
resection 
2 53/M 4.5 1.5 1—Exploratory laparotomy Ranitidine 600 mg Q4 hr 
2—Splenectomy; ligation; 
bleeding varies 
3 50/M 3.5 2 1—Exploratory laparotomy Ranitidine 750 mg Q6 hr 
4 67/F 25 1.5 1—Highly selective Ranitidine 600 mg Q6 hr 
vagotomy 
> 56/M 1.6 0.5 1—Vagotomy + pyloroplasty Ranitidine 2100 mg Q6 hr 


2—Two explorations for liver 
hemorrhage 





* Antisecretory medication dose was that dose which reduced basal gastric acid secretion to <10 mEq/hr, determined as outlined previously.” 


stapler and 4.8 mm staples (U.S. Surgical, Norwalk, CT). 
Complete tumor removal required subtotal gastric resec- 
tion in two patients. The left kidney capsule was opened 
in one patient and intracapsular tumor was enucleated. 
Porta-hepatis, celiac, mesenteric, and retroperitoneal 
lymphadenopathy was excised. 

After surgery, all patients underwent fasting serum gas- 
trin determinations, secretin-provocative tests and were 
discharged, taking their antisecretory medications in the 
same dosage as before operation. Patients were readmitted 
1-3 months later and a complete re-evaluation, as outlined 
above, was performed. Subsequently, patients underwent 
a similar evaluation every 6 to 12 months. All patients 
were treated with postoperative chemotherapy for | year, 
except patient 2 who had received chemotherapy before 
operation. Chemotherapy was given as outlined above. 


Results 


Four of the five patients were males and the mean age 
was 54 years. All patients had the sporadic form of Zol- 
linger-Ellison syndrome. No patient had multiple endo- 


TABLE 2. Laboratory Characteristics of Gastrinoma (Precperative) 





Serum Gastrin Concentration (pg/ml) 








Patient BAO/MAO 
Number Fasting Secretin Calcium (mEq/hr) 
I $00 69 460 94/95 
2 125 130 56 28/44 
3 2,061 2,469 ND 40/49 
4 160,000 30,000 4,800 33/38 
5 1,220 386 0 40/42 





ND = not determined. 

BAO and MAO refer to basal and maximal acid output determined 
as described in “Methods.” 

Secretin and Calcium refer to the maximal change in serum gastrin 
concentrations with the intravenous administration of either secretin (2 
units/kg—bolus) or calcium (5 mg/kg/hour for 3 hours) as outlined in 
“Methods.” 


crine neoplasia type I. The mean duration from diagnosis 
of Zollinger-Ellison syndrome to arrival at NIH was 1.3 
years (Table 1). All patients had at least one prior upper 
abdominal operation related to Zollinger-Ellison syn- 
drome. All patients required high levels of antisecretory 
medications to control gastric acid output and symptoms 
(Table 1). 

Preoperative serum gastrin concentrations were mark- 
edly elevated in all patients, except in patient 2 who had 
a good response to chemotherapy lowering his gastrin level 
to 125 pg/ml (Table 2). A positive secretin test (increase 
200 pg/ml) or positive calcium test or both were present 
in four patients. Basal acid output was markedly elevated 
in all patients, and basal acid output/maximum acid out- 
put ratio was above 0.6 in all patients (Table 2). 

The preoperative radiologic evaluation was usually ac- 
curate in demonstrating the extent of disease (Table 3). 
Patient | had tumor inside the capsule of his left kidney 
and in retrocrural lymph nodes, which was well seen on 
CT and arteriography (Fig. 2). Three patients (patients 3, 
4, 5; Table 3, Fig. 3) had extensive hepatic metastases 
with either no involvement or minimal involvement of 
the left lobe predicted before and confirmed at operation 
(Fig. 3, Table 3). In patient 2, the preoperative work-up 
showed that the tumor was localized to the pancreatic tail 
and the surrounding retroperitoneum. Gastrinoma pres- 
ent in the inferior vena cava had completely disappeared 
on chemotherapy (Fig. 4). However, at surgery there was 
a positive margin at the transected pancreas, and tumor 
was left in the pancreatic head as well as around the left 
kidney. In patient 4, preoperative endoscopic antral biopsy 
gave a diagnosis of gastrinoma. This biopsy led us to per- 
form a subtotal gastrectomy, but on careful pathological 
analysis of the stomach no tumor was found. Finally, in 
patient 5 positive porta-hepatis lymph nodes were found 
at operation but not imaged before operation (Table 3). 
In addition, selective arteriogram showing a gastrinoma 
in the pancreatic tail led us to perform a subtotal pancre- 
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TABLE 3. Preoperative Tumor Assessment, Operative Findings, and Operative Course 
Preoperative 
Assessment* 
Patient Location/Extent Indication for ; 
Number of Tumor Surgery Operative Findings Operation Complications 

1 3 X 4 cm mass above Increase in 3 (2 X 3 cm) nodes Resection gastrinoma None 
left kidney; tumor size in retroperi- from retroperi- 
numerous i toneum along toneal nodes and 
retroperitoneal diaphragm; 3° within left kidney 
lymph nodes X 4 cm tumor (bivalve left 
ae, mass in left kidney and 

kidney enucleate tumor) 

2 7 cm retroperitoneal Increase in 7 cm mass tail of Subtotal None 
mass (distal tumor size pancreas; pancreatectomy 
pancreas) positive margin 

; on resected 
' pancreas 

3 Liver metastases; two Increase in 7 cm tumor Trisegmentectomy; Subhepatic abscess 
superficial mets in ~ tumor size abscess right subtotal (reoperation) 
left lobe only; lobe with 2 pancreatectomy, š 
absess in right other mets left splenectomy, 
hepatic lobe; lobe; 6 cm partial : 

6 cm tumor in tumor tail of gastrectomy 
pancreatic tail pancreas 5 
jnvading into 
stomach. 

4 7 X 9 cm tumor in Increase in 6 X 6X 3 cm right Right hepatic Biloma drained ` 
right lobe liver; left tumor size, lobe lesion lobectomy; percutaneously 
lobe spared liver abscess lymph nodes subtotal =. 

and stomach gastrectomy 
i negative ` > 

5 Diffuse hepatic Recurrent right Coagulum; pleural Right hepatic None 
metastases; left pleural fluid positive; lobectomy; 
lobe spared; effusions; còmmon duct subtotal 
pancreatic tail hepatic lymph nodes ` pancreatectomy, 
tumor by hemorrhages positive; Right splenectomy. 
angiography ; Lobe Liver 5 . 

x 7 cm in 
diameter, mass 
invading into 
diaphragm; 
pancreas 
negative 





* Preoperative assessment of tumor size was by CT scan, selective angiography, and EOE scan as described in “Methods.” 


atectomy. The pancreas felt firm and indurated at explo- 
ration, and no definite tumor could be palpated. Patho- 
logical analysis of the specimen showed no tumor in the 
pancreas. Following surgical exploration, all patients had 
all gross tumor removed, except patient 2 who clearly had 
tumor left in the pancreatic head. The decision was made 
not to perform a Whipple pancreaticoduodenectomy in 
any patient. 

All the operative procedures were lengthy. Two patients 
suffered postoperative complications that prolonged ‘their 
hospitalizations (Table 3). Patient 3 had a large Esche- 
richia coli right hepatic gastrinoma abscess at the time of 
surgery that had developed when his liver metastases were 
embolized at another institution. He required. re-explo- 
ration for drainage ofan E: coli subhepatic abscess. Patient 
4 had a right subdiaphragmatic bile collection that was 


drained percutaneously. No patient died in the postop- 
erative period. 

Median postoperative follow-up was 24 months. Patient 
2, who had unresected gross disease, had documented: tu- 
mor progression by 3- months follow-up. It was not pos- 
sible to reduce his dose of antisecretory medication after 
operation; in fact, his basal acid output and acid secretion 
after 300 mg of ranitidine was greater at 3-months follow- 
up than, before ‘operation (Fig. 5). He died 19 months 
after operation of metastatic tumor. All other patients 
demonstrated definite improvement following surgery. 
Fasting gastrin concentrations and basal acid output both 
fell dramatically from preoperative levels in patients 1, 3, 
4, and 5 (Tablė 4). In addition in these four patients, the 
same dose of. dntisecretory medication inhibited gastric 
acid secretion more effectively than before operation (Fig. 
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FiG. 2. Computerized tomography (top) of patient | shows metastatic 
gastrinoma inside capsule of left kidney. Selective arteriogram (bottom) 
shows metastatic gastrinoma in retrocrural lymph nodes. These lesions 
were all found at subsequent surgical exploration. 


5). None of the three patients with extensive hepatic me- 
tastases (patients 3, 4, and 5: Table 4) had evidence of 
hepatic tumor on infusion CT after operation (Table 4, 
Fig. 3): but on selective angiographic studies, one patient 
(patient 4) had evidence of three small hepatic lesions, 
less than 0.5 cm in size. 

Three of the 5 patients (patients 1, 4, and 5) have no 
evidence of tumor radiologically with follow-up of 14, 22, 
and 32 months (Table 4), Patient 1 (Fig. 6, Table 4) and 
patient 5 (Table 4) not only have no radiographic evidence 
of tumor, but also have no biochemical evidence of re- 
sidual tumor. In both patients, fasting serum gastrin con- 
centrations and secretin and/or calcium provocative tests 
have remained in the normal range. Radiologic studies 
and biochemical assessment of the gastrinoma for the pa- 
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tient followed for the longest period of time (patient 1. 
32 months) are shown in Figure 6. Concomitant with a 
return to the normal range of the fasting gastrin concen- 
tration and a negative calcium provocative test, the basal 
and maximal acid output decreased 87% and 65%, re- 


spectively, and remained decreased for 32 months (Fig. 4 


6). Patients 3 and 4 had evidence of progression at 1-year 
follow-up; patient 3 had increased number of liver me- 
tastases on arteriogram, and patient 4 had no radiographic 
evidence of disease but had an increase in fasting gastrin 
concentration (Table 4). In patient 4, however, with sub- 
sequent chemotherapy, fasting gastrin concentrations have 
decreased to only slightly above the normal range; on fol- 
low-up at 18 months, no radiographic evidence of tumor 
was found (Table 4), and the secretin and calcium-pro- 
vocative tests remained negative. 


Tumor 


FIG. 3. Preoperative (top) and pestoperative (bottom) computerized to- 
mography of patient 3. Preoperative study shows large tumor mass in 
the right hepatic lobe and pancreatic tail. Postoperative study shows that 
both have been removed. 
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Discussion 


The management of patients with Zollinger-Ellison 
syndrome is evolving. The introduction of cimetidine," 
ranitidine,” famotidine,'® and subsequently omeprazole” 
= has changed the role of surgery in the management of 
these patients.'*-?° Classically, total gastrectomy has been 
the procedure of choice to control the gastric acid output, 
but potent antisecretory medications are eliminating the 
need for this procedure. Of the patients with metastatic 
gastrinoma who survived total gastrectomy and subse- 
quently died, 50-70% of the deaths were due to tumor 
progression.'? Zollinger and Ellison have documented 
that the 12-year survival of patients with liver metastases 
and lymph node metastases is 30% (personal communi- 
cation). Although these results suggest that many patients 
with metastatic disease may have a prolonged survival, 
in that group with extensive metastatic disease, which 
comprises 20% of all our patient population, the 5-year 
survival was only 20%. These patients may develop not 
only distant metastases to bone and die in a short time 
but also life-threatening complications of their disease. 
Patient 2 had a 35 unit hemorrhage from gastric varices 
secondary to splenic vein obstruction by tumor that ne- 
cessitated his first operation. Patient 3 had a liver abscess 
and presented to a local emergency room in septic shock 
following embolization of a large gastrinoma metastasis 
in the right lobe. Finally, patient 5 had two operations at 
another hospital to control life-threatening hemorrhage 
from the right lobe of his liver following minor trauma. 
We believe that this hemorrhage was from a large gastri- 
noma metastasis within the right lobe. 

Aggressive surgical resection of metastatic disease in a 
variety of cancers is currently being achieved in selected 
patients with acceptable mortality and morbidity and clear 
therapeutic gains. Patients with solitary liver metastases 
from colorectal cancer have enjoyed 24% 5-year survival 
following surgical resection of metastatic lesions.*! Patients 
with pulmonary metastases from sarcomas have improved 
survival following resection of metastatic nodules.” 

The rarity of gastrinomas and their indolent course 
compared to other cancers make controlled, randomized 
trials at a single institution nearly impossible. The goal 
of this study was to evaluate a cohort of patients with 
extensive metastatic disease to see if surgery is feasible 
and helpful in these patients. Zollinger had reported that 
resection of all tumor prolonged survival in patients with 
Zollinger-Ellison syndrome,’ but he had not extended 
surgery to the extent described here. 

Our experience corroborates the recommendations of 
Zollinger? and others.°° Four of five patients clearly ben- 
efited from metastatic tumor resection. One patient had 
gross tumor left after exploration, and that patient pro- 
gressed and died of disease. The other patients with all 
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Fic. 4. Initial computerized tomography (patient 2) of upper abdomen 
(top) showing tumor in head of pancreas and tumor in tail of pancreas 
invading left kidney. Venogram (bottom, left) shows tumor mass from 
pancreatic head invading inferior vena cava. Preoperative chemotherapy 
markedly reduced mass in pancreatic head resulting in normal inferior 
vena cavagram (bottom, right), and normal fasting serum gastrin level 
(125 pg/ml). However, at surgical exploration, there was a positive margin 
in the transected pancreas at the head. 


tumor resected had a significant reduction in antisecretory 
medications. The patients remained asymptomatic, and 
all were enjoying normal activity and work. The results 
in patients | and 5 appeared most impressive because 
each had no radiological or biochemical evidence of re- 
sidual tumor, This result was unexpected in patient 1 be- 
cause he had a large pancreatic tail primary with metas- 
tases to retrocrural lymph nodes and the left kidney. Pa- 
tient 5 had equally extensive disease with multiple 
metastases in the liver, involvement of the diaphragm, 
and a positive bile duct lymph node. Postoperative follow- 
up in patient | is almost 3 years and in patient 5 more 
than | year, and each has no evidence of Zollinger-Ellison 
syndrome. Each have normal gastrin levels, normal pro- 
vocative testing, minimally elevated basal acid output, 
and no radiographic evidence of recurrent disease. 
These results do not establish that survival is improved 
by aggressive resection of metastatic gastrinoma. In our 
study, there are only a small number of patients and the 
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follow-up is relatively short. To establish that survival is 


actually improved by aggressive 


disease is difficult, because patients with extensive met- 
astatic gastrinoma that is potentially resectable are not 
common and the clinical course of patients who do not 
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Fic. 5. Acid secretion “ 
(mEq/h) both basal (time 0) 
and following a single dose of 
antisecretory drug before and 
after operation for three sep- 
arate patients (1, 2, and 5). 
Patient 2 had a higher basal 
acid output after operation 
and less control with the 
same dose of ranitidine as 
before operation. However, 
both other patients (1 and 5) 
had a reduction in basal acid 
output and improved control 
with the same dose of medi- 
cation as before operation. 
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TABLE 4. Postoperative Course of Patients 





undergo extensive surgery is highly variable. Therefore, a 
control group is essential. Because no one institution sees 
sufficient numbers of such patients, this study could only 
be done as a cooperative trial. Nevertheless, because of 
the generally poor results with chemotherapy, because our 














Time after Operation 
3 Months 12 Months 18 Months 30 Months 
Fast Fast Fast Fast 
Patient Tumor Gastrin Tumor Gastrin Tumor Gastrin Tumor Gastrin 
Number Extent (pg/ml) BAO Extent (pg/ml) BAO Extent (pg/ml) BAO Extent (pg/m) BAO Current Status 
1 Negative 25 15 Negative 27 12 Negative 22 15 Working full 
time, asymp- 
tomatic 
2 Pancreatic 400 26 Left 1600 10 Left 700 ND Died 19 months, 
tail perirenal perirenal metastatic 
mass mass mass; 
inferior 
vena cava 
mass; liver 
metastases 
3 3 small 100 8 6 small 160 2} No change 130 19 Working full 
lesions lesions in size or time, asymp- 
in liver in liver number of tomatic 
liver 
lesions 
4 Negative 300 3 Negative 1310 33 Negative 174 ND Asymptomatic 
5 Negative 89 16 Negative 60 ND Asymptomatic 





ND = not determined; BAO = basal acid output; Fast Gastrin = fasting gastrin 
concentration. 


Tumor status determined by selective angiography or CT scanning as outlined 


in “Methods.” 
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FIG. 6. Acid secretion (left) and serum gastrin concentration (right) in 
patient | as time from surgery and chemotherapy progress. BAO (basal 
acid output) decreased from nearly 100 mEq/h before operation to 15 
mEq/h after operation, and his BAO/MAO (maximal acid output) ratio 
dropped from nearly 1 before operation to <0.4. In addition, his fasting 
serum gastrin dropped from 500 pg/ml before operation to 25 pg/ml 
after operation with no increment with calcium infusion. These results 
are consistent with a “biochemical cure” of Zollinger-Ellison syndrome. 


results demonstrate that in patients with extensive met- 
astatic disease the 5-year survival is less than 20%, and 
because with the increased ability to control gastric acid 
secretion the course of the malignancy is becoming an 
increasingly important determinant of survival, a study 
of the effect of aggressive surgery in patients with advanced 
disease seems increasingly important. 

Our experience with the five patients reported in this 
study supports Zollinger’s original observations and leads 
us to recommend an aggressive surgical approach for total 
gross tumor resection in selected patients with extensive 
metastatic disease. If all gross tumor cannot be removed, 
we believe that surgical exploration and partial resection 
is not helpful. 
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Inhibited Muscle Amino Acid Uptake in Sepsis 
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Amino acid uptake in vivo was determined in soleus (SOL) mus- 
cle, diaphragm, heart, and liver following intravenous injection 
of 'H]-a-amino-isobutyric acid (PH]-AIB) in rats made septic 
by cecal ligation and puncture (CLP) and in sham-operated con- 
trols. Muscle amino acid transport was also measured in vitro 
by determining uptake of [H]-AIB in incubated extensor digi- 
torum longus (EDL) and SOL muscles. Results were expressed 
as distribution ratio between H]-AIB in intracellular and ex- 
tracellular fluid. AIB uptake in vivo was reduced by 90% in SOL 
and cardiac muscle and by 45% in diaphragm 16 hours after 
CLP. In contrast, AIB uptake by liver was almost four times 
higher in septic than in control animals. AIB uptake in vitro was 
reduced by 18% in EDL 8 hours after CLP but was not signif- 
icantly altered in SOL at the same time point. Sixteen hours 
after CLP, AIB uptake was significantly reduced in both muscles, 
ie., by 17% in EDL and by 65% in SOL. When muscles from 
untreated rats were incubated in the presence of plasma from 
septic animals (16 hours CLP) or from animals injected with 
endotoxin (2 mg/kg body weight), AIB uptake was reduced. Ad- 
dition of endotoxin in vitro (2-200 ug/ml) to incubated muscles 
did not affect AIB uptake. The results suggest that sepsis leads 
to marked impairment of amino acid transport system A in muscle 
and that this impairment is mediated by a circulating factor that 
is not endotoxin. Reduced uptake of amino acids by skeletal 
muscle during sepsis may divert amino acids to the liver for 
increased gluconeogenesis and protein synthesis. 


CCELERATED MUSCLE PROTEOLYSIS and in- 
creased peripheral release of amino acids, con- 
comitant with stimulated amino acid uptake in 

liver, have been reported in trauma and sepsis.’ A large 
portion of the amino acids taken up by the liver is used 
for increased protein synthesis and gluconeogenesis,*° and 
in this respect the shift of amino acids from muscle to 
liver is probably beneficial to the organism. 
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In addition to increased muscle proteolysis, another 
factor that can influence the supply of amino acids to the 
liver is their uptake by muscle. For example, a reduced 
peripheral uptake would further enhance the amount of 
amino acids that could be diverted to the liver. In fact, 
data have been presented indicating reduced muscle 
amino acid uptake following injection of endotoxin to 
experimental animals.” The effect of bacterial sepsis on 
amino acid transport in skeletal muscle has, to our 
knowledge, not been reported. 

The present study was designed to investigate the in- 
fluence of sepsis on amino acid uptake by skeletal muscle 
in rats. To measure amino acid uptake, we used a-ami- 
noisobutyric acid (AIB), an amino acid that is neither 
metabolized nor incorporated into protein"? and is mainly 
transported by system A.'™!? In one series of experiments, 
we studied AIB uptake in vivo in skeletal muscle, heart, 
and liver. In other experiments, amino acid transport was 
measured in vitro by determining AIB uptake in incubated 
extensor digitorum longus (EDL) and soleus (SOL) mus- 
cles. 


Material and Methods 


Chemicals 


[PH]-AIB and ['*C]-inulin were obtained from New 
England Nuclear, Boston, MA. Endotoxin (lipopolysac- 
charide from Escherichia coli 055:B5, phenol extraction) 
was obtained from Sigma, St. Louis, MO. 


Experimental Animals 


Male Spragué-Dawley rats weighing 60-70 g were used 
for the study of AIB uptake in vitro. Animals of this size 
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possess thin EDL and SOL muscles, which facilitates ad- 
equate tissue oxygenation under in vitro incubation con- 
ditions.’? In in vivo experiments, animals weighing 100- 
125 g were used. Sepsis was induced by cecal ligation and 
puncture (CLP), as described previously.!* 151 anarotomy 
was performed under light ether anesthesia, and the cecum 
was ligated below the ileocecal valve and punctured twice 
with an 18-gauge needle. In sham-operated control ani- 
mals the cecum was manipulated but not ligated or punc- 
tured. Saline solution (5 cc/100 g b.w. ) was injected sub- 
cutaneously on the back for hydration. The rats were al- 
lowed water but no food after the operative procedures. 

Groups of rats were studied 8 hours (early sepsis) or 16 
hours (late sepsis) after CLP or sham operation. Blood 
was drawn by cardiac puncture for measurement of glu- 
cose and lactate, which was carried out in a YSI Model 
23A glucose and lactate analyzer (Yellow Springs Instru- 

ment Co., Yellow Springs, Ohio). Two types of experi- 
ments were performed. In the first series of experiments, 
AIB uptake in vivo was determined ‘in SOL, diaphragm, 
heart, and liver. In other experiments, AIB uptake was 


. studied in incubated EDL and SOL muscles. 


ta 


Determination of AIB Uptake in Vivo 


Sixteen hours after CLP, laparotomy was performed 
under light ether anesthesia and the renal pedicles were 
ligated to prevent excretion of ['4C]-inulin. A solution 
containing [!4C]-inulin (2 aCi) and a tracer amount of 
(H]-AIB (5 uCi) i in 0.25 ml of 0.15 M NaCl was injected 
into the inferior vena cava. The abdominal i incision was 
closed, and the animals were allowed to awaken. After 1 
hour, the animals were again anesthetized with ether, 
blood was collected by cardiac puncture, and the SOL 
muscles, diaphragm, heart, and liver were removed. SOL 
muscle, diaphragm, part of the left ventricular wall of the 
heart, and the left liver lobe were blotted, weighed, and 
dissolved in 1 ml of tissue solybilizer (TS-1; Research 
Products International Corp., Mount Prospect, IL) and 
0.1 ml of water. Radioactivity of the dissolved tissue spec- 
imens and plasma was measured in a scintillation spec- 
trometer (LKB 1217, Rackbeta, Stockholm, Sweden). In- 
tracellular [5H]-AIB was determined from total tissue PH)- 
AIB corrected for [7H]-AIB in the extracellular volume, 
determined as ['4C]-inulin’ space, and ‘AIB uptake was 
expressed as distribution ratio of [>H]-AIB in intracellular 
and extracellular fluid. Total tissue water was determined 
from wet and dry weights of tissue specimens. — 


Determination of AIB Uptake in Vitro 


EDL and SOL muscles were dissected with intact ten- 
dons and incubated in 25 ml Erlenmeyer flasks containing 
3 ml of a medium consisting of Krebs-Henseleit bicar- 
bonate buffer (pH 7.4) with glucose (10 mM), [7H]-AIB 
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(0.5 uCi/ml, 0.5 mM) and ['*C]-inulin (0.05 #Ci/ml). The 
medium was gassed with O2:CO, (95:5) and incubation 
was performed at 37 C in a shaking water bath for 2 hours. 
After incubation, the muscles were blotted, weighed, and 
dissolved in | ml of tissue solubilizer and 0.1 ml of water. 
Radioactivity of dissolved muscles and media samples 
was measured, and intracellular [7H]-AIB was determined 
from total tissue (7H]-AIB corrected for (3H]-AIB in the 
extracellular volume (determined as ['*C]-inulin’ space). 
AIB uptake was expressed as distribution ratio of [>H]- 
AIB in intracellular and extracellular fluid. Total tissue 
water in incubated muscles was determined i in separate 
experiments in which muscles were incubated as described 
above, but without addition of isotopes. After incubation, 
wet and dry weights were determined. Total tissue water 
in incubated control SOL was 80:0 + 0.42% (N = 12) and 
in septic SOL 79.6 + 0.75% (N = 11) (NS). The corre- 
sponding values for EDL were 79.8 +:0.38% (N = 7) and 
79.5 + 0.24% (N = 6) (NS). 

In other experiments, 0.25 ml of plasma from untreated 
rats (normal plasma), from rats 16 hours after CLP (septic 
plasma), or from rats 16 hours after I.V. injection of 2 
mg endotoxin/kg b.w. (endotoxic plasma) was added to 
2.75 ml of medium. The effects of different amounts of 
E. coli endotoxin (2,:20, and 200 ug/ml) added to the 
incubation medium were also investigated. 

Care and handling of animals in all experiments con- 
formed to the.guidelines established: by the Animal Stud- 
ies ‘Committee of the University of. Cincinnati Medical 
Center. 


Statistics 


Results are presented as mean + SEM. When statistical 
comparisons were made, Student’ s t-test for unpaired or 
paired differences was used where appropriate. When 
means from more than two groups of animals were com- 
pared, the data were subjected to analysis of variance fol- 
lowed by application of Duncan’ s, multiple. range test. 


Results 


There was no mortality in control rats or in septic rats 
at 8 hours, while about half of the animals were dead 16 
hours after CLP. Eight hours after CLP, animals showed 
slight signs of illnéss in the form of piloerection and some 
exudate around the eyes. At 16 hours these ‘signs were 
more pronounced and, in addition, almost all surviving 
animals had diarrhea and appeared to be lethargic. The 
peritoneal cavity was inspected i in all rats and typically 
contained 1-2 ml of cloudy, foul-smelling fluid. The 
cecum was engorged and gangrenous, but no gross per- 
forations were seen, except for me ones prepared with the 
18-gauge needle. 
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TABLE 1. Blood Glucose and Lactate in Control and Septic Animals 





Time after CLP or Sham Operation 














8h 16h 
Control Control 
(7) CLP (7) (6) CLP (5) 
Glucose 
(mg/dl) 179 +3 126 + St 124 +5 82 + 4* 
Lactate 
(mg/dl) 30 +2 28 +2 2241 37 + 3* 





*p< 0.01; tp < 0.001 vs. control. 
Numbers in parentheses indicate number of animals. 


Blood glucose was reduced both 8 and 16 hours after 
CLP, but the reduction was more pronounced in late sepsis 
(Table 1). Blood lactate was significantly higher in septic 
than in control animals at 16 hours (Table 1). 


AIB Uptake in Vivo 


At time of sacrifice, more [7H]-AIB was present in the 
plasma of septic rats than in controls (66.2 + 5.9 nCi/ml 
vs. 39.6 + 3.6 nCi/ml, respectively; p < 0.05), whereas 
there was no significant difference in the amount of ['4C]- 
inulin in plasma. AIB uptake in septic rats was reduced 
by about 90% in SOL and cardiac muscle and by 45% in 
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Fic. 1. AIB distribution ratio in vivo in SOL muscle, diaphragm, heart, 
and liver in septic (16 h after CLP) (hatched bars) and nonseptic rats 
(open bars). (ICW = intracellular water.) 
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diaphragm (Fig. 1). In contrast, AIB uptake in liver was 
almost four times higher in septic than in control animals, 


AIB Uptake in Vitro 


The AIB distribution ratio in vitro was 1.55 + 0.05 in „ 
EDL from control rats (N = 14) and 3.30 + 0.17 in SOL 
(N = 14; p < 0.001). In early sepsis (8 hours), AIB uptake 
by EDL was reduced by 18% but was not significantly 
altered in SOL muscle (Fig. 2). During late sepsis (16 
hours), AIB uptake was significantly reduced in both 
muscles, ie, by 17% in EDL and by 65% in SOL 
(Fig. 2). 

In addition to sepsis, the present experimental model 
includes two other components that may induce metabolic 
alterations, i.e, fasting (for 8 hours or 16 hours) and 
trauma (laparotomy). Since control animals used in the 
experiment shown in Figure 2 were sham operated and 
fasted for the same periods as the septic rats, the differences 
between the two groups of animals were ascribed to the 
septic state. To investigate whether fasting or trauma con- 
tributes to changes in AIB uptake, AIB distribution ratio 
was measured in SOL muscles from fed, untreated rats, 
from rats fasted for 16 hours, and from rats that had been 
laparotomized 16 hours earlier. The results, shown in Fig- 
ure 3, demonstrate that neither trauma (laparotomy) nor 
fasting contributed to the changes in AIB uptake observed 
16 hours after CLP. 

When muscles from untreated rats were incubated in 
the presence of septic rat plasma, AIB distribution ratio 
was reduced by 22% (p < 0.02) in EDL and by 26% (p 
< 0.01) in SOL (Fig. 4). When plasma from animals in- 
jected with endotoxin was added in vitro, AIB distribution 
ratio in SOL was reduced by 19% (p < 0.01) (Fig. 5). 
Addition in vitro of endotoxin at different concentrations 
(2, 20, and 200 ug/ml) did not significantly alter AIB 
transport in incubated SOL muscles (data not shown). 


Discussion 


Synthetic, nonmetabolizable amino acid analogs are a 
convenient probe for assessing the activity of amino acid 
transport systems, and AIB is often used as a model sub- 
strate for the sodium-dependent, hormone-regulated 
transport system A.''!? The effect of intraperitoneally in- 
jected Diplococcus pneumoniae or Salmonella typhimu- 
rium on the organ distribution of nonmetabolizable amino 
acids that had been administered 24 hours previously and 
allowed to equilibrate was reported previously.'® Bacterial 
infection resulted in marked accumulation of labeled cy- 
cloleucine and AIB in liver, reduction of labeled amino 
acid content in unspecified rear leg muscles, and reduced 
muscle/serum ratio of AIB.’ Although the results of that ` 
study are consistent with decreased amino acid transport 
into muscle, the design of the experiment (i.¢., preloading 


` sepsis, Open bars: sham-op- 
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EARLY SEPSIS (8h) 
EDL l 


FIG. 2. AIB distribution ratio 
in incubated EDL and SOL 
muscles during early and late 


erated controls. Hatched 
bars: CLP. Numbers in pa- 
rentheses indicate numbers 
of animals, *p < 0.05, ™*p 
< 0.01 vs. control. 
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the rats with labeled amino acid and subsequently indùç- 
ing infection) permitted the interpretation that decreased 
muscle amino acid content was secondary to increased 
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Fic. 3, AIB.distribution ratio in incubated SOL from fed, untreated 
animals, 16 h fasted animals, and laparotomized and septic (CLP) ani- 
mals. *p < 0.01 vs. all other groups (analysis of variance). 
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LATE SEPSIS (16h). 
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(7) 
liver amino acid uptake: Subsequent studies? showed that 


the stimulation of hepatic amino acid uptake during in- 
fection could be mimicked by injection of leukocytic en- 
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FIG.. 4. AIB distribution ratio in EDL and SOL muscles, incubated i in 
the presence of normal plasma (open bars).6r septic plasma (hatched 
bars). In this experiment, contralateral muscles were used for the different 
additions in vitro and a paired Student’s t-test was used for statistical 
comparison. *p < 0.02, *p < 0.01 ¥S. norma! plasma. 
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FIG. 5. AIB distribution ratio in SOL muscles, incubated in the presence 
of normal plasma (open bar) or plasma from animals injected with en- 
dotoxin (dotted bar). The different plasma samples were added to in- 
cubated, contralateral muscles, and a paired Student’s t-test was used 
for statistical comparison. *p < 0.01, 


dogenous mediator (LEM) prepared from rabbit perito- 
neal macrophages or from rat leukocytes. The effects of 
bacterial infection or of LEM preparations on muscle 
amino acid uptake were not considered in that report. 

In the present study, in vivo AIB uptake was studied a 
short time (1 hour) after its intravenous injection in con- 
trol or septic rats. With this protocol, it is likely that the 
observed differences in AIB distribution ratio reflected 
altered rates of uptake by tissues rather than passive re- 
distribution of AIB from muscle to liver. The results sug- 
gest, therefore, that sepsis following CLP leads not only 
to a stimulation of hepatic amino acid uptake but also to 
a marked inhibition of amino acid uptake by skeletal and 
cardiac muscle. In this regard, it should be noted that the 
intracellular concentration of AIB in heart and SOL mus- 
cle of septic rats was much less than the concentration in 
plasma, while the intracellular AIB concentration in the 
same tissues of control rats exceeded the plasma concen- 
tration. 

Alanine and AIB are both primarily taken up by the 
transport system A.'':!? Kuttner and Spitzer’ studied the 
effect of E. coli endotoxin on plasma alanine concentra- 
tion and the plasma level of ['*C]-alanine during contin- 
uous infusion of a tracer amount of the latter in dogs. As 
soon as 30 minutes after endotoxin administration, the 
plasma levels of both labeled and total alanine were 
markedly increased, suggesting that tissue uptake of ala- 
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nine was decreased after endotoxin administration. In 
another study,*® the same authors infused ['4C]-AIB and 
administered endotoxin either 5 minutes before or 30 
minutes after the infusion was begun. As in the case of 
['*C]-alanine infusion, plasma ['4C]-AIB levels were sig- 
nificantly increased in endotoxin-treated dogs, and the 4 
effect of endotoxin could be demonstrated as soon as 10- 
15 minutes after its administration. The authors con- 
cluded, therefore, that ““non-metabolic factors,” such as 
tissue uptake of AIB or shifts in body fluids, were affected 
by endotoxin. 

Factors other than transport rates may influence tissue 
uptake of AIB in vivo. For example, the low uptake of 
AIB by muscle and high uptake by liver after CLP may 
reflect, respectively, decreased and increased perfusion of 
those tissues. Moreover, altered plasma amino acid pat- 
terns after CLP may result in changes in concentrations 
of amino acids competing with AIB for active transport 
systems. To reduce the influence of such variables, we 
studied the uptake of AIB in isolated muscles in vitro. 

Previous studies showed that AIB uptake is linear in 
incubated rat muscles for at least 2 hours,” the incubation 
time chosen for these experiments. AIB uptake in control 
animals was markedly greater in SOL muscle, which con- 
tains primarily slow-twitch red fibers, than in EDL, which 
contains primarily fast-twitch white fibers. This obser- 
vation is similar to that of Zorzano et al.,!8 who reported 
that AIB uptake was greater in the part of gastrocnemius 
muscle consisting primarily of red fibers and in SOL than 
in white gastrocnemius in a perfused rat hindquarter 
preparation. In addition to different basal AIB uptake 
rates, the present results suggest that AIB uptake in dif- 
ferent muscle types may be decreased to a different extent 
and at different times during the course of sepsis. The 
marked inhibition of AIB uptake in SOL 16 hours after 
CLP is similar to that recently reported by Karlstad and 
Sayeed in incubated SOL muscle 5 hours after injection 
of Salmonella enteriditis endotoxin.’ At that time point, 
blood lactate was increased, hypoglycemia was present, 
and the clinical signs of illness were pronounced, i.e., the 
animals had lost their ability to right themselves and 
hemorrhagic bowel lesions were noted.’ Thus, the status 
of the animals was similar to that which was observed in 
our rats 16 hours after CLP. 

AIB uptake by normal SOL and EDL muscles was 
lower when incubated in the presence of plasma from rats 
16 hours after CLP than when incubated with plasma 
from untreated rats. In these experiments, interanimal 
variability was minimized by paired-testing of the two 
SOL muscles from each rat with both treatments, and the 
differences observed were highly significant. The results 
suggest that plasma from septic rats contains a factor that 
can act quickly (within 2 hours) to reduce AIB uptake. It 
is unlikely that different amounts of competing amino 
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acids in the added plasma can account for the difference 
in AIB uptake since the added plasma was diluted 1:12 
and unlabeled AIB was present in the medium at 0.5 mM. 

Although incubation with endotoxin alone had no effect 
on AIB uptake by SOL, addition of plasma from rats pre- 


pe viously injected with the same batch of endotoxin resulted 


™ 


in a modest, but statistically significant reduction in AIB 
uptake. This result suggests that administration of en- 
dotoxin causes release of a circulating factor that can in- 
hibit muscle AJB uptake. 

It is not known from the present study which factor or 
factors in plasma of septic or endotoxin injected rats re- 
duced AIB uptake in incubated muscles. In recent studies 
by Clowes et al.,? addition of plasma from septic patients 
to incubated rat SOL muscles induced an increase in pro- 
tein degradation similar to that observed in septic animals. 
The humoral factor giving rise to accelerated muscle pro- 
tein breakdown was found in a fraction of septic plasma 
with a molecular weight below 50,000 daltons. It was sug- 
gested that interleukin-1, which has a molecular weight 
of about 15,000 daltons,!® or a split product of that sub- 
stance (proteolysis-inducing factor, PIF), with a molecular 
weight of approximately 4000 daltons, is the factor giving 
rise to accelerated muscle protein breakdown in sepsis. 

LEM, which is probably the same substance as inter- 
leukin-1,7° was suggested to be the factor inducing en- 
hanced amino acid uptake by the liver during infection.’ 
In preliminary experiments in this laboratory, a fraction 
of septic plasma containing solutes with a molecular 
weight less than 30,000 daltons reduced AIB uptake in 
incubated rat muscles (unpublished observations). Thus, 
it is possible that interleukin-1 (or LEM) is the circulating 
factor that inhibits muscle amino acid uptake in sepsis, 
although other substances with a molecular weight less 
than 30,000 daltons must ‘also be considered, e.g., cate- 


- cholamines, glucocorticoids, and prostaglandins. Studies 


are in progress in this laboratory to better define the factor 
or factors responsible for reduced amino acid uptake by 
skeletal muscle in sepsis. 

In conclusion, the present results, taken together with 
previous studies, suggest that either sepsis or administra- 
tion of endotoxin in vivo leads to marked impairment of 
amino acid transport system A in muscle and that this 
impairment is mediated by a circulating factor that is not 
endotoxin itself. It is tempting to speculate that the in- 
hibition of muscle amino acid uptake may be due to the 
same factor that stimulates hepatic amino acid uptake, 
although the present results do not permit drawing this 
conclusion directly. Nonetheless, the present study sug- 
gests that muscle tissue, by reducing its uptake of amino 
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acids that may be utilized by liver for gluconeogenesis or 
protein synthesis, is an active, rather than passive, partic- 
ipant in the metabolic response to sepsis. 
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Nine patients with Budd-Chiari syndrome (BCS) were treated 
by a portal systemic shunt. One had thrombosis of the superior 
mesenteric vein (SMV) and another had complete obstruction 
of the retrohepatic inferior vena cava (IVC). All other patients 
had a marked stenosis of the retrohepatic IVC with caval pressure 
ranging from 12 to 24 mmHg (mean: 17 mmHg). Seven patients 
had an interposition mesocaval shunt using an autologous jugular 
vein. The patient with a thrombosed SMV had a portoatrial 
shunt. The patient with an obstructed IVC had a cavoatrial shunt 
after an erroneous portacaval shunt had failed to relieve ascites. 
There were no operative deaths and no major postoperative com- 
plications. One patient died 19 months after operation of acute 
leukemia complicating polycythemia rubra vera. AH other pa- 
tients were alive and well 8 months to 6 years after operation. 
None of them had encephalopathy. These results suggest several 
comments: (1) Portal systemic shunts are a good treatment for 
BCS and have a low operative risk. (2) The mesocayal shunt is 
an efficient procedure, even when there is stenosis of the IVC 
with high caval pressure; shunts to the right atrium should be 
performed only in the case of complete obstruction or inacces- 
sibility of the IVC. (3) The long-term prognosis is excellent, 
except in patients with potential malignancies. Therefore, portal 
systemic shunts should be indicated early in patients with symp- 


tomatic BCS. 
I an efficient treatment of Budd-Chiari syndrome 
(BCS) by converting the portal vein into an outflow 
tract, thus relieving sinusoidal congestion and preventing 
injury to the hepatocytes. A variety of shunting pro- 
cedures have been reported.'** The use of the mesenteric 
vein seems the most appropriate since a bulky caudate 
lobe often prevents access to the portal vein.°° Although 
many successful cases of shunts have now been reported, 
the indications for shunting in BCS are still controversial 


T IS WELL ACCEPTED that portal systemic shunting is 
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for the following reasons: (1) While the prognosis of non- 
operated patients with BCS is poor, the operative mortality 
of shunt surgery in the reported series is high, running 
around 37%. (2) The most appropriate type of shunt pro- 
cedure is not yet well defined. The high rate of stenosis 
of the inferior vena cava (IVC) behind the caudate lobe 
has prompted some surgeons to recommend shunts to the 
right atrium.’ 

Since 1978, nine patients with BCS have had a portal 
systemic shunt. The purpose of this paper was to analyze 
our results and to try to define the rationale of shunt sur- 
gery in patients with BCS. 


Patients and Methods 


From 1978 to 1984, nine patients with BCS have had 
a portal systemic shunt. During the same period of time, 
four patients with BCS were not operated. One had diffuse 
portal vein thrombosis and died of intestinal infarction 
before laparotomy could be undertaken. The second died 
of pulmonary embolism following a peritoneovenous 
shunt. The third had Marchiafava-Michelli disease, and 
decompressive surgery was contraindicated because of 
marked prolongation of bleeding time. He died 6 months 
later of ascitic infection and renal failure. The fourth pa- 
tient had rapid normalization of serum transaminases, 
and ascites was cleared by diuretics. 

The sex, age, etiological factors, chief complaint, du- 
ration of symptoms, and preoperative liver biochemical 
tests of the nine reported patients are summarized in Table 
l. Intractable ascites and right upper quadrant (RUQ) 
pain were the chief complaints. In all patients, the diag- 
nosis was confirmed by a liver biopsy obtained before 
operation in four cases and/or at operation in five cases. 
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TABLE 1. Main Preoperative Features in Nine Patients with BCS 
Liver Biochemical Tests 
Patient Sex, ASAT ALAT Bilirubin Prothrombin 
Number Age Etiology Symptoms Duration (XN) (XN) (umol/dl) Time (%) 
+ 1 F, 32 Estroprogestatives Acute ascites, 3 months 5 7 5.7 44 
* RUQ pain, 
liver failure 
2 F,.30 Estroprogestatives Acute ascites, 6 days 70 60 1.5 28 
RUQ pain i 
305 M, 42 Stenosis of the Intractable ascites 36 months 3. 2 4.3 100 
ostium of 
hepatic veins : 
4 F, 54 Polycythemia Ascites, RUQ 7 months 8 8 3.9 50 
rubra vera pain 
5 F, 17 Estroprogestatives Acute ascites, 1 month 3 5 3.6 53 
RUQ pain 
6 F, 37 Postpartum Intractable ascites 36 months I 1 1.6 57 
7 F, 44 Myeloproliferative Intractable ascites 14 months I oi 2.7 46 
disorder 
8 F, 27 Estroprogestatives Intractable ascites 6 months i i 4.6 60 
9 M, 43 Not determined Intractable ascites” 60 months l 1 2.4 85 





Centrilobular necrosis and sinusoidal dilatation were the 
main relevant findings (Table 2). In seven patients, ap- 
proximately half of each lobule was destroyed. In seven 


TABLE 2. Operative Findings in Nine Patients with BCS Treated by a Portal Systemic Shunt 


l Aspect of the Liver 


Massive congestion of the left 
lobe, atrophy of the right 
lobe, hypertrophy of the 
caudate lobe 

Massive congestion of the left 
lobe, atrophy of the right 
lobe, hypertrophy of the 
caudate lobe 

Nodular, moderate hypertrophy 

Congestion of the left lobe, 
atrophy of the right lobe, 
hypertrophy of the caudate 
lobe 


i Congestion of the left lobe, 


moderate atrophy of the right 
lobe, hypertrophy of the 
caudate lobe 

Massive congestion of the left 
lobe, atrophy of the right 
lobe, hypertrophy of the 
caudate lobe 

Congestion of the left lobe, 
atrophy of the right lobe, 
hypertrophy of the caudate 
lobe 

Massive congestion of the left 
lobe, atrophy of the right 
lobe, hypertrophy of the 
caudate lobe 

Nodular, liver atrophy 


Liver Pathology 


Massive hemorrhagic centrilobular 
necrosis, sinusoidal dilatation 


Massive hemorrhagic centrilobular 
necrosis, sinusoidal dilatation 


Fibrosis 

Massive hemorrhagic centrilobular 
necrosis, sinusoidal dilatation, 
slight periportal regenerative 
hyperplasia 

Massive hemorrhagic centrilobular 
necrosis sinusoidal dilatation 


Massive centrilobular necrosis, 
sinusoidal dilatation, 
obstruction of hepatic venules 


Massive hemorrhagic centrilobular 
necrosis, sinusoidal dilatation 


Massive centrilobular necrosis, 
sinusoidal dilatation 


Moderate centrilobular necrosis, 
sinusoidal dilatation, moderate 
fibrosis (sometimes annular) 





Mesenteric , IVC 

Vein Pressure Pressure 
(mmHg) (mmHg) 

32 12 

30 15 

30 12 

40 14 

22 17 

35 24 

35 15 

34 20 

24 24 


Pressure 
Gradient 
(mmHg) 


20 


18 
26 


20 


14 


patients, the obstruction of the hepatic veins was con- 
firmed by phlebography. There was thrombosis of the 
three major hepatic veins in six and stenosis of the ostium 


Type of Shunt 
Mesocaval 


Mesocaval 


Mesocaval 
Mesocaval 


Mesocaval 


Portoatrial 


Mesocaval 


Mesocaval 


Portacaval 
+ cavoatrial 
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of the veins in one. In patient 2, a decision to proceed 
with life-saving decompressive surgery prevented the use 
of phlebography. In patient 9, thrombosis of the retro- 
hepatic IVC when the diagnosis of BCS was established 
precluded hepatic phlebography. 

Three patients had had one or several operations before 
referral. Patient 5 had had an exploratory laparotomy for 
acute ascites. Patient 6 had had a mesocaval shunt else- 
where that failed to relieve ascites because of thrombosis. 
Patient 9 was first diagnosed as having a cryptogenic cir- 
rhosis. He. underwent a Sugiura’s operation because of 
variceal bleeding. This was followed by intractable ascites. 
Two successive peritoneo-jugular shunts failed because of 
thrombosis of the superior vena cava. Finally, he under- 
went a portacaval shunt. Ascites persisted despite its 
proven patency. The unusual course of this patient led to 
the assumption that the etiology of the ascites was mis- 
diagnosed. The diagnosis of BCS was supported 5 years 
later by reanalyzing histopathology of the previous liver 
biopsy taken at the first operation. 

The patency of the superior mesenteric vein, portal 
vein, and IVC was assessed by studying the venous phase 
of celiac and superior mesenteric arteriography and cav- 
ography in all patients. None of them had diffuse portal 
thrombosis. Patient 7 had thrombosis of the superior 
mesenteric vein secondary to the unsuccessful mesocaval 
shunt performed elsewhere. All patients had marked ste- 
nosis of the IVC on cavography. Patient 9 had thrombosis 
of the retrohepatic vena cava. 

Eight patients had an elective procedure. Patient 2 un- 
derwent emergency surgery because of rapid increase in 
the serum level of transaminases and growing deteriora- 
tion of liver function. The type of operation and the op- 
erative findings are summarized in Table 2. Seven patients 
had an interposition mesocaval shunt using an autologous 
(right jugular) venous graft. In patient 6, a portoatrial 
shunt using a polytetrafluorethylene (PTFE, Gore-Tex®) 
reinforced prosthesis 16 mm in diameter was performed 
because of thrombosis of a previous prosthetic interpo- 
sition mesocaval shunt done elsewhere. Patient 9, who 
had already had an erroneous portacaval shunt for in- 
tractable ascites, ultimately underwent a cavoatrial shunt 
using a PTFE (Gore-Tex) reinforced prosthesis 16 mm in 
diameter. f 

At operation, the liver was massively enlarged and con- 
gested in 7 patients, predominantly in the left lobe. The 
liver was nodular in appearance in the other two patients. 
Portal systemic pressure gradient was measured at oper- 
ation in all patients. In patient 6, it was calculated by the 
difference between the portal pressure measured at op- 
eration and the inferior vena caval pressure measured at 
preoperative cavography. The mean caval pressure was 
17 mmHg (range: 12-24 mmHg). The mean pressure gra- 
dient was 10 mmHg (range: 5-25 mmHg). 
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All patients received heparin intravenously (1 mg per 
kg body weight, per day) during the first postoperative 
days. Three patients were given antiplatelet drugs on a 
long-term basis, and one with a prosthetic graft was given 
antivitamin K therapy. 

Patient 3 was lost to follow up 2/4 years after operation. 
All other living patients were seen within I month of writ- 
ing this manuscript. 


Results 
Operative Complications 


None of the patients died after operation. Patient 2, 
who was operated as an emergency, had a self-limited 
episode of encephalopathy. Liver biochemical tests rapidly 
improved after operation. Patient 6 had a left pleural ef-. 
fusion that persisted for 1 month after portoatrial shunt- 
ing. In patient 7, a moderate ascites recurred after me- 
socaval shunt and slowly disappeared over 2 months. In 
the other eight patients, the ascites cleared by the end of 
the first postoperative month. In patients with preopera- 
tive elevation of serum transaminases, these enzymes 
rapidly returned to normal. 


Long-term Follow-up 


This is summarized in Table 3. Patient 4 died from 
acute myeloid leukemia 19 months after a mesocaval 
shunt. This was a complication of polycythemia rubra 
vera. Until death, she was free of ascites and had normal 
serum transaminases. 

All other patients were alive and free of ascites when 


last seen. Seven of them had resumed work. Only patient 
‘7 did not resume her work because of back pains caused 


by osteoporosis. Patient 1 had an uneventful pregnancy 
and delivery 2 years after shunting. No patient showed 
any sign of late encephalopathy. . 

In-almost every patient, minute changes of the liver 
biochemical tests persisted with a slight increase in serum 
bilirubin and alkaline phosphatase and a slight.-prolon- 
gation of the prothrombin time. Serum transaminases re- 
mained normal in all patients. 

A liver biopsy was obtained in three patients 18 to 24 
months after operation. There was no sinusoidal conges- 
tion. Slight fibrosis originating in the centrilobular area 


- was observed in all three. 


Discussion 


Our results confirm the efficacy of portal systemic 
shunting in BCS: (1) it always cleared ascites when the 
shunt was functioning; (2) it significantly improved liver 
blood outflow, as demonstrated by the return to normal 
values of serum transaminases and the disappearance of 
necrosis and sinusoidal dilatation on late liver biopsies; 
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TABLE 3. Late Results in Nine Patients with BCS after Portal Systemic Shunting 


Serum 
Bilirubin 
(umol/dl) 


2.0 


Length of 
Follow-up 


(Months) Present Status 


1 82 Alive, no ascites, 


secretary, one 
normal 


pregnancy 

Alive, no ascites 2.1 
professor 

Alive, no ascites, 
worker 

Dead from 
acute myeloid 
leukemia, no 
ascites at time 
of death. 

Alive, no ascites, 
worker. 

Alive, no ascites, 1.8 
chief 
executive 

Alive, no ascites, 
back pain 
osteoporosis 

Alive, no ascites, 

. Secretary 

Alive, no ascites, 1.6 
clerk 


* These three patients received antiplatelet drugs. 
t This patient was treated when last seen by antivitamin K. 
$ Percutaneous liver biopsy was done 19 months after operation in 


and (3) it dramatically reversed the acute downhill course 
of the patient with rapidly progressive liver failure. Three 
points deserve emphasis and appear particularly relevant 
to the indications for portal systemic shunt in BCS: (1) 
the absence of operative death; (2) the good results of 
mesocaval shunt, even in the face of a high caval pressure; 
and (3) the excellent prognosis on a long-term basis. 
The operative mortality was nil in the present series. 
This favorably compares with that of other series averaging 
37% (range: 16-50%).'3->”? A thorough analysis of the 
literature reveals that operative mortality is mostly re- 
lated to: (1) multiple organ failure in patients operated late 
in the course of the disease at a time of overt hepatic 
insufficiency, renal failure, and poor hemodynamic 
conditions*'*'?; and (2) thrombosis of the shunt leading 
to recurrence of BCS and end-stage liver failure.”!*'5 The 
latter complication usually occurred in two circumstances: 
preoperative thrombosis of the mesenteric and portal veins 
or IVC, and the use of prosthetic material of small cal- 
iber. A careful preoperative assessment of the patency of 
the superior mesenteric vein and of the IVC should pre- 
vent the performance of shunts on thrombosed veins and 
guide the choice of the type of shunt. It has been suggested 


Y that prosthetic grafts are more prone to thrombosis than 


autologous veins in portal hypertensive surgery.'® BCS 
most often occurs in patients with an underlying disease 


Alk. 
ASAT ALAT Quick Phos. 
(XN) (XN) % (XN) Liver biopsyt 
1 1 60 I . Moderate fibrosis 
I 1 66* 12 Moderate fibrosis 
I i ND 1 ND 
1 i 63 2 Fibrosis, 
sometimes 
annular 
i 1 70 1 ND 
I 1 70 { ND 
I 1 60* 3 ND 
1 i 6i* 2 ND 
1 I 34t 2 ND 


patient 1, 24 months in patient 2, and 18 months in patient 4. 
ND = not determined. 


that predisposes to vascular thrombosis.” This could en- 
hance the risk of thrombosis of prosthetic material in those 
patients. Therefore, an autologous vein should be used 
whenever it is possible. The results of the present series 
suggest that when an appropriate shunt is done in a patient 
in a fair condition, the operative risk is quite low. 
Interposition mesocaval shunt is the operation of choice 
in BCS since the usual enlargement of the caudate lobe 
precludes the construction of a portacaval shunt.* How- 
ever, stenosis of the IVC and a high IVC pressure are 
frequently associated with the large caudate lobe, pre- 
cluding the use of IVC for shunting. Shunts to the right 
atrium have been advocated in these circumstances.’'7~!° 
Those shunts are more difficult to construct than meso- 
caval shunts, and they expose the patients to operative 
complications and late thrombosis.””” It is worth noting 
that, in our series, mesocaval shunts were successful de- 
spite marked stenosis of the IVC on cavography and el- 
evated IVC pressure in most of the patients. In patient 5, 
the mesocaval shunt was functioning, although caval 
pressure was 17 mmHg and the mesocaval pressure gra- 
dient was 5 mmHg. Therefore, shunts to the right atrium 
should be reserved for patients with (1) complete obstruc- 
tion of the IVC as in our case 9, (2) no pressure gradient 
between the mesenteric vein and the IVC, or (3) an in- 
accessible IVC as in our case 6. Interposition mesocaval 
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shunt with a venous graft should always be favored in 
other cases. 

Long-term results were quite satisfactory in the present 
series. The only death occurred in a patient with poly- 
cythemia rubra vera and was due to malignant transfor- 
mation. All other patients had a normal life. These results 
would suggest that apart from patients with malignant 
etiologies of their BCS the postoperative life expectancy 
is good. Two reservations, however, should be noted. (1) 
Liver biochemical tests in these patients did not com- 
pletely return to normal values, and the evolution may 
progress slowly towards liver failure. (2) It has recently 
been mentioned that primary myeloproliferative disorder 
without overt changes in peripheral blood was frequent 
in patients with hepatic vein thrombosis.”° If this is con- 
firmed, late prognosis might depend on the evolution of 
such minor myeloproliferative disorders. 

The natural history of BCS is still uncertain, and the 
results of the published series are difficult to evaluate. 
However, when ascites or continuing liver necrosis is 
present, life expectancy is dismal.?! In the series of Tavill 
et al., six of 19 patients with BCS died within the first 
year and 17 were dead after 3.5 years.”* The unfavorable 
evolution of our three nonoperated symptomatic patients 
would emphasize those figures. The high reported oper- 
ative mortality after portal systemic shunting may have 
discouraged wide application of shunt surgery in BCS. 
Liver transplantation has even been advocated in several 
cases.”? Our results suggest that portal systemic shunts are 
a safe operation in patients with BCS. Millikan et al. sug- 
gested that surgery should be indicated in patients with 
severe necrosis of the central area of the lobules.” We 
strongly believe that a portal systemic shunt should be 
urgently performed in a patient with a symptomatic BCS 
and patent portal vessels, irrespective of any other con- 
sideration. Mesocaval shunting with an autologous venous 
graft is the operation of choice. Shunts to the right atrium 
should be performed only in the few cases in which the 
former procedure is not feasible. 
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demonstrated in 
animal studies. 


Animal studies have demonstrated that 

SUPROL works three ways to inhibit pain. Not only is it 
a potent inhibitor of prostaglandin synthesis, but 

it also has an effect on bradykinin and 

at the nerve ending itself.* 
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Triple-action inhibition of pain. 
Artist’s interpretation. 
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MOST COMMONLY REPORTED 
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Demonstrated to cause significantly less 
fecal blood loss than aspirin (650 mg qid 
over a seven-day period). However, as with 
other nonsteroidal analgesics, SUPROL 
should be given under close supervision to pa- 
tients with a history of upper GI tract dis- 
ease. Peptic ulceration and GI bleeding 
have been reported in approximately 1% of 
patients receiving SUPROL Capsules. 
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EFFECTS ON MAJOR ORGANS IN 
CLINICAL EXPERIENCE TO DATE 


(including renal, hepatic, or ocular). In long- 
term studies, the incidence of elevated liver 
enzyme levels for SUPROL was approximately 
1%. In all cases, the elevations were not of a 
serious nature and disappeared promptly 
upon discontinuation of SUPROL. However, as 
with other nonsteroidal analgesics, SUPROL 
should be given under close supervision to 
patients with renal or hepatic impairment. 


SUPROL is a non-narcotic, 
nonsteroidal analgesic 
that is nonscheduled and 
nonhabituating. 


*Side effects occurring in 3%-9% of patients in long-term studies include: abdominal pain, constipation, vomiting, and flatulence. 


In long-term studies approximately 20% of the patients were discontinued due to adverse reactions. 
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SUPROL'* (suprefen) 200-mg Capsules 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 
Contraindications: SUPROL should not be used in patients 
who have previously exhibited intolerance to the drug As with 
other nonsteroidal anti-inflammatory drugs, SUPROL should not 
be given to patients in whom aspirin and/or other nonsteroidal 
anti-inflammatory drugs induce bronchospasm, rhinitis, urti- 
caria or other sensitivity reactions Rare anaphylactic reactions 
to suprofen have been reported. although the aspirin sensitivity 
history of tne patients is unknown 
Warnings: SUPROL (suprofen) should be given under close su- 
pervision to patients with a history of upper gastrointestinal tract 
disease and only after consulting the ADVERSE REACTIONS 
section Peptic uiceration and/or gastrointestinal bleeding have 
been reported in 1% of patients receiving SUPROL Capsules at 
800- 1600 mg/day 
Precautions: General Rena! Toxicity As with other nonsteroi 
dal antı-intlammatory drugs. long-term administration of supro- 
fen to animals has resulted ın renal papillary necrosis and other 
abnormal renal pathology In humans, there have been reports of 
acute nephritis with hematuria, proteinuria, and occasionally ne- 
phrotic syndrome 

A second formof renal toxicity has been seen in patients with 
prerenal conditions leading to a reduction in renal blood flow or 
blood volume, where the renal prostaglandins have a supportive 
role in the maintenance of renal perfusion In these patients 
administration of an NSAID may cause a dose-dependent re 
duction in prostaglandin formation and may precipitate overt 
renal decompensation. Patients at greatest risk of this reaction 
are those with heart failure, liver dysfunction, those taking di- 
uretics, and the elderly. Discontinuation of NSAID therapy ts typ 
ically followed by recovery to the pretreatment state 

Since SUPROL and its metabolites are eliminated primarily by 
the kidneys, patients with impaired renal function should be 
closely monitored, and it should be anticipated that they will re- 
quire lower doses 
Anemia. In long-term studies, decreases in hemoglobin and he 
matocrit have been reported in patients taking SUPROL Appro- 
priate tests should be performed if signs or symptoms of anemia 
are evident 
Liver Chemistry Abnormalities. As with other nonsteroidal anti- 
inflammatory drugs, borderline elevations of one or more liver 
tests may occur in up to 15% of patients. These abnormalities 
may progress, may remain essentially unchanged, or may be 
transient with continued therapy The SGPT (ALT) test is proba- 
bly the most sensitive indicator of liver dysfunction Meaningful 
(three times the upper limit of normal) elevations of SGPT or 
SGOT (AST) occurred in controlled clinical trials in approxi- 
mately 1% of patients A patient with symptoms and/or signs 
suggesting liver dysfunction, or in whom an abnormal liver test 
has occurred, should be evaluated for evidence of the develop 
ment of more severe hepatic reactions while on therapy witt 
SUPROL Severe hepatic reactions, including jaundice. have 
been reported with SUPROL as well as with other nonsteroidal 
anti-intflammatory drugs. Although such reactions are rare. if ab- 
normal liver tests persist or worsen, if clinical signs and symp- 
toms consistent with liver disease develop, or if systemic 
manifestations occur (eg . eosinophilia, rash, etc.), SUPROL 
should be discontinued, since liver reactions can be fata 
Peripheral edema Peripheral edema has been observed in 5% 
of patients receiving long-term therapy Therefore, SUPROL 
should be used with caution in patients with fluid retention, heart 
failure or hypertension 
Ophthalmic Symptoms Ophthalmologic examinations per- 
formed on ‘ong-term patients both prior to initiation and after dis- 
continuation of therapy failed to show any drug-related eye 
changes Three to 9% of patients reported changes in visua 
acuity, however, and because of reports of adverse eye findings 
in animals, ı e . attenuated retinal vasculature, retinal degener- 
ation and cortical opacities in rats treated with 25 or 35 mg/kg 
day (approximately the human dose) for 24 months (life-time 
treatment). it is recommended that patients who develop visual 
complaints during treatment with SUPROL have an ophthalmo 
logic evaluation 
Drug Interactions. Although suprofen is highly protein bound 
(see CLINICAL PHARMACOLOGY), ın vitro studies have shown 
that SUPROL does not displace phenytoin, warfarin or tolbuta- 
mide from their plasma protein-binding sites As aresult, the 
concomitant administration of SUPROL (suprofen) with highly 
protein-bound, weakly acidic therapeutic agents would not be 





expected to in 
fluence the effi 
cacy or safety 
of these com 
pounds How 
ever. as pros 
taglandins are 
directly in 
volved in the 
regulatory 
mechanisms 
of hemosta 
sis and glucose metabolism, patients on anti- 
coagulant cr hypoglycemic therapy should be carefully 
observed while on SUPROL (suproten). as with other nonsteroi- 
dal anti-intlammatory drugs 

Patients tating diuretics are at greater risk of developing rena 
failure secondary to a decrease in renal blood flow caused by 
prostaglandin inhibition by nonsteroidal anti-inflammatory 
drugs, including suproten (See PRECAUTIONS—General ) 
Drug/Laboraiory Test interactions. The drug has been shown to 
inhibit platelet aggregation and prolong template bleeding time 
in-vivo, but the platelet function begins to normalize within 4 
hours and apsroaches normal within 24 hours alter the last dose 
of SUPROL ~t re, patients who are taking anticoagulant 
therapy should de carefully observed while SUPROL is 
administered 
Carcinogenesis Mutagenesis. Impairment of Fertility Two 2 
year studies in rats and an 18 month study in mice were per- 
formed to eva uate the carcinogenic potential of the drug The imi- 
tial rat study had inadequate survival In mice an increased 
incidence of benign liver tumors occurred in females at a dose 
of 40 mg/kg/day (approximately three times the human dose) 
Treated male mice (doses of 2 5, 10. and 40 mg/kg day) also 
had an increased incidence of hepatomas ‘not dose related) 
when compared to control animals No evidence of carcinoge 
nicity was found in doses as high as 40 mg/kg: day in the rat and 
mouse BaseJ on a battery of mutagenicity tests (Ames. Micro: 
nucleus and dominant lethal) suproten does not appear to have 
mutagenic pctential 

Reproduc' ve studies in rats at a dose of up to 40 mg/kg/day 
(approximately three times the human dose) revealed no im- 
pairment of fertility and only slight reductions of fertility at doses 
of 80 mg/kg cay (approximately 6 times the clinical dose) How 
ever, testicular atrophy/hypoplasia was observed in a six-month 
dog study (a 80 mg/kg/day) and a 12-month rat study (at 40 
mg/kg/day) 
Teratogenic Effects Pregnancy Category B Reproductive stud- 
ies have been performed in raboits at doses up to 200 mg/kg 
day (approximately 15 times the human dose) and in rats at 
doses up to &0 mg/kg/day (approximately six times the human 
dose) In rats. doses of 40 mg/kg/day and above. and in rabbits 
doses of 80 mg/kg/day and above. resulted in an increased in 
cidence of fetal resorption associated with maternal toxicity 
There was an increase in stillbirths and a decrease in postnatal 
survival in pregnant rats treated with suprofen at 2 5 mg/kg day 
and above As with other drugs known to inhibit prostaglandin 
synthesis. ar increased incidence of delayed parturition oc- 
curred in rats As there are no adequate and well-controlled 
studies in pregnant women. this drug should be used during 
pregnancy or ly if clearly needed Because of the known effect 
of this class on the fetal cardiovascular system (clos 
arteriosus), use during late pregnancy should 


















avoided 
Nursing Mothers 
dose to nursing mothers has been measured Peak concentra- 


The excretion of SUPROL in milk after a 





ale 





tions of SUPROL in milk. 0.12 to 0 23 mcg/ml at one to two hours 
were approximately 1% of the peak plasma concentrations and 
fell to 0 024-0107 mcg/m! four hours atter drug administration 
The maximum total daily expe re of a nursing intant to 
SUPROL (assuming nursing at time of peak concentration) was 
calculated tram this study to be 0 U3-0 06 mg/kg/day which 
represents 0 015% to 0 03% of the usual daily adult dose Cau- 
tion is advised in the use of SUPROL in nursing women since the 
safety of SUPROL in human neonates has not been established 
Pediatric Use Safety and effectiveness in children have not 
been established 
Adverse Reactions: Those adverse reactions listed below 
were reported in controlled clinical trials in over 800 patients 
who receivec treatment in studies for one week or longer ot 
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whom 537 were treated tor at least three months, 331 treated for 
at least six months, and 103 for at least one year 

Gastrointestinal symptoms were the most frequently reported 
adverse experiences, ranging from 10 to 20%, in SUPROL 
(suprofen) long-term studies (see below) 

Fifteen to 20% of patients dropped out of long-term studies 
because of adverse effects 

The incidence of adverse reactions in approximately 2,000 pa- 
tients receiving short-term therapy. for mild to moderate pain or 
dysmenorrhea. was, in nearly all cases. lower than those listed 
below 
Incidence Greater Than 1%— Gastrointestinal The most fre- 
quent adverse reaction occurring with SUPROL administration 
was nausea which occurred in about 15% of the patients. Re- 
ported less frequently were Dyspepsia, 13%, loose stools/di- 
arrhea, 10%, gastrointestinal distress." abdominal pain,* 
constipation.” vomiting,” flatulence,” gastrointestinal bleeding 
stomatitis. and other bowel changes 

Central Nervous System Headache." dizziness,* sedation." 
mood changes.” sleep disturbances." and paresthesia 

Body as a Whole. Pain’ and asthenia 

Cardiovascular/Respiratory. Edema * congestion (upper re- 
spiratory),” hypertension and palpitation 

Dermatological Dermatitis,” pruritus * and skin irritation 

Hematologic Purpura and bleeding 

Genitourinary Urinary frequency. dysuria. and pyuria 

Musculoskeletal Muscle cramps.” bursitis 

Special Senses Changes in vision. conjunctivitis, and 
tinnitus 
“Reactions occurring in 3% to 9% of patients treated with 
SUPROL Reactions occurring in fewer than 3% of the patients 
are unmarked 

Incidence Less Than 1% (Causal Relationship Probable) 
The following adverse reactions, some of which have been re- 
ported during post-marketing use abroad, occurred less fre 
quently than 1 in 100 The probability exists that there is a causal 
relationship between SUPROL and these adverse reactions 

Body as a Whole Acute allergic reactions with dyspnea and 
epigiottal and/or laryngeal edema, anemia 

Gastrointestinal: Peptic ulcers, gastroenteritis 

Cardiovascular Epistaxis 

Dermatologic Rash 

Central Nervous System. Appetite changes 

Urogenital’ Acute nephritis 

Incidence Less Than 1% (Causal Relationship Unknown) 
Other adverse reactions reported during clinical trials or post 
marketing use with a frequency of less than 1 in 100. but under 
circumstances in which a Causal relationship between SUPROL 
and the reaction could not be determined These rarely reported 
reactions are being listed as alerting information for the physi 
cian since the possibility of a causal relationship cannot be 
excluded 

Gastrointestinal Jaundice 

Cardiovascular/Respiratory Tachycardia 

Hematological Thrombocytopenia, acute hemolytic anemia 
leukopenia 

Genitourinary. Lime green urine 
Drug Abuse and Dependence: SUPROL (suprofen) is a non- 
steroidal anti-inflammatory agent and, therefore, is a non-nar- 
cotic. non-addicting analgesic drug 

Patients receiving SUPROL for up to six months have not de 
veloped tolerance to the drug 

IMPORTANT Full directions for use should be read before ad- 
ministering or prescribing SUPROL (suproten) Capsules 

For information on symptoms and treatment of overdosage 
see full prescribing information 
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ERT E, did Survival i in Patents with the 
Adult Respiratory Distress Syndrome 
p A Prospective Trial l 





MARY J. VASSAR, R.N. 


A 7-day infusion of prostaglandin E, (PGE), an immunomodu- 
lator, was evaluated in a prospective, randomized, placebo-con- 
trolled, double-blinded trial in surgical patients with the adult 
respiratory distress syndrome (ARDS). The drug seemed to im- 
prove pulmonary function—only two PGE, patients died with 
severe pulmonary failure compared with nine placebo patients 


(p = 0.01). Survival at 30 days after the end of the infusion— _ 


~the predetermined end point of the study—was significantly bet- 
ter in the patients given PGE, (p = 0.03), with 15 of 21 PGE, 


patients (71%) alive at this time compared with seven of 20 pla- | 


cebo patients (35%). Improvement in overall survival in the PGE, 


. patients did not reach statistical significance (p = 0.08). Overall 


survival in patients initially free of severe organ failure, however, 
was significantly better in the PGE, patients (p = 0.03). Of the 
six PGE, patients free of severe organ failure at time of entry, 
all survived to leave the hospital; of the 10 placebo patients 
initially free of severe organ failure, four survived. The drag had 
no serions side effects and did not, potentiate susceptibility to 
infection. TOR isa promising agent for the treatment of ARDS. 


ROSTAGLANDIN E, (PGE,), a ara that to date has 


been approved for use only for the treatment of ` 


infants with ductus-dependent congenital heart 
defects, has at least three characteristics that make it at- 
tractive for treating Patients with the adult respiratory 
distress syndrome (ARDS). The first characteristic is ‘that 
PGE,, in high concentrations such as those that might 
accumulate in the lungs during intravenous infusions, 
blocks coagulation and inflammation by inhibiting plate- 
let aggregation,” macrophage activation,’ neutrophil che- 
motaxis,* and neutrophil release of oxygen radicals and 
lysosomal enzymes.“ Coagulation and inflammation are 


` Presented at the Fifth International Symposium on Intensive Care 


` and Emergency Medicine, Brussels, Belgium, March 29, 1985. 
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the means by which the lungs are damaged in patients ` 
with ARDS®”; blocking of these processes should preserve 
pulmonary function. The second attractive characteristic. 
of PGE, is that it is broken down, to a large extent, on a 
single passage through the lungs, at least through normal 
lungs, so that infusions of even fairly high concentrations 
proximal to the pulmonary vasculature result in low con- 
centrations of drug in the systemic circulation.*° This 
makes the third characteristic of PGE, pertinent—the ef- 
fects of PGE, on inflammation are dose dependent. Al- 
though high concentrations of PGE; block the inflam- 
matory résponse, low concentrations augment inflami- 
mation by dilating the vasculature in areas of 
inflammation and by stimulating acute inflammatory 
cells." This augmentation of inflammation with low con- 
centrations of drug ç can be demonstrated in extrapulmo- 
nary sites in patients given intravenous infusions of PGE). 
Such patients, even when given fairly high doses of drug 


. into the Central venous circulation, develop malaise, ar- 


thralgias, myalgias, fever, and peripheral edema. "! Aug- 
mentation of inflammation at peripheral sites of i injury 
or infection should help critically ill surgical patients heal 
wounds and contain infection.'? 
In a prospective: trial conducted between 1980 and 

1982, we gave PGE,, in moderate doses (20 ng kg`'. 

min”), or placebo to patients with ARDS. Survival in 
aa patients given PGE, was 53% (8/15); survival i in those 
given placebo was 36% (4/11). This is to report on a second 
trial, in which we used a larger dose of drug. 


-~ Methods 


The study was conducted with approval of the insti- 
tution’s Human Subjects Review Committee. 
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Criteria for Entry 


Patients were considered for entry into the study if they 
had ARDS that required mechanical ventilation with an 
inspired oxygen concentration of at least 0.40 with an end 
expiratory pressure of at least 5 cm HO and if they were 
not responding to conventional therapy. Patients were 
excluded if they were at risk for intracranial bleeding from 
a head injury, if they were hemodynamically unstable, if 
they did not have a central venous or pulmonary arterial 
catheter in place, or if they did not have family available 
for informed consent. 


Protocol 


After informed consent was obtained (from family 
members), the patient was placed in a drug or placebo 
group on the basis of computer-generated random num- 
bers, with stratification for age so that equal numbers of 
patients age 55 years or older were assigned to the two 
groups. The patient, patient’s family, investigators, phy- 
sicians, and nurses caring for the patient were kept un- 
informed as to whether the patient received drug or pla- 
cebo until the trial was over. The hospital pharmacists 
and the company that funded the study served as moni- 
tors. They were to stop the trial if the drug caused serious 
side effects, or if it significantly improved or worsened 
survival during the 30-day study period. 

The infusion was given through a central venous cath- 
eter or through the right atrial port of a pulmonary arterial 
catheter. It was started at a dose (or simulated dose) of 5 
ng kg"! min”! and gradually increased over 3 hours to 
give the desired dose of 30 ng kg"' min™'. The mean sys- 
temic arterial pressure was not allowed to drop more than 
20% from baseline during the titration; if the pressure did 
fall, the infusion rate was held at the highest tolerated 
dose. The infusion was given for 7 days or until the patient 
was extubated, whichever came sooner. When this time 
came, the infusion was gradually decreased over 3 hours 
and then stopped. 


Preparation of Solutions 


PGE, ,* dissolved in ethanol (0.5 mg/ml), was diluted 
in 5% dextrose in water to a concentration of 2.5 mg/L. 
Ethanol, the vehicle for the PGE,, was used for the pla- 
cebo; it was similarly diluted in dextrose in water. If fluids 
were restricted in a patient, the drug or placebo was used 
in a concentration of 5.0 mg/L. 


Measurements 


All pressures, both systemic and pulmonary, were 
measured with fluid-filled catheters. Measurements were 





* Prostaglandin E, (alprostadil) was supplied as Prostin VR® sterile 
solution by the Upjohn Company, Kalamazoo, MI. 
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obtained at end expiration with atmospheric pressure as 
reference. Transducers were positioned at the midaxillary 
line. Cardiac indices were measured by thermodilution 
with thermistor-tipped pulmonary arterial catheters. 
Room temperature 5% dextrose in water was used as the 
injectate; injections were made at end expiration; at least 
three injections were made for each determination. Blood 
analyses were determined in the hospital laboratories. The 
pre-entry measurements for blood gases, cardiac indices, 
blood counts, and blood chemistries that are reported 
represent the mean of all values obtained over the 24 hours 
before the infusion was started. The pre-entry measure- 
ments for vital signs and ventilator settings represent the 
mean of measurements recorded every 2 hours over the 
24-hour period preceding the infusion. No measurements 
were made solely for the purpose of the study. No blood 
was drawn unless there was a clinical indication to do so; 
pulmonary arterial and central venous catheters were left 
in place only if they were contributing to the patient’s 
care. 


Definitions 


The following definitions were used. ARDS: pulmonary 
dysfunction with a diffuse bilateral infiltrate on chest ra- 
diograph and a static lung-chest wall compliance of 50 
ml/cm H20 or less in a patient who had been subjected 
to shock and either extensive tissue trauma or sepsis. 
Pneumonia: discrete infiltrate on chest radiograph with 
pathogenic organisms in tracheobronchial tree. Pulmo- 
nary contusion: discrete infiltrate on chest radiograph that 
appeared within 6 hours after direct chest wall injury. 
Severe pulmonary failure: ratio of arterial partial pressure 
of oxygen to inspired oxygen concentration (P,O,/F,;O> 
index), in a patient requiring mechanical ventilation, of 
150 mmHg or less. Severe hepatic failure: serum bilirubin 
concentration of 5.0 mg/dl or more. Severe renal failure: 
serum creatinine concentration of 3.0 mg/dl or more. 
Uncontained peritonitis: free fluid in the abdomen, con- 
taining bacteria, with no evidence of loculated pus. 


Statistics 


All data are reported as means + | standard deviation. 
When measurements were not available in all patients, 
the number of patients in whom the measurement was 
made is indicated by the letter N. Analysis of 2 X 2 con- 
tingency tables was by Fisher’s Exact test.!? A Generalized 
Wilcoxon test of Kaplan-Meier curves was used to eval- 
uate the effects of PGE, on overall survival.'* Differences 
in normally distributed data were analyzed by the two- 
tailed paired Student’s t-test; differences in nonnormally 
distributed data were analyzed by the Sign test.'> All pa- 
tients were evaluated in the statistical analyses regardless 
of duration of infusion. 
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TABLE 1. Description of the 21 Patients Entered into the PGE, Group 





Patient Age/Sex Diagnosis 
Trauma 
1 16/M Liver disruption; femur fracture; 
pulmonary contusion; 19 units blood 
loss 
2 52/F Femur fractures; hepatic hematoma; 
pulmonary contusion; pneumonia; 9 
units blood loss 
3 34/M Tibia fracture; pelvic disruption; 
pulmonary contusion; 5 units blood 
loss 
4 24/M Pulmonary contusion; compound tibia- 
fibular fracture; 3 units blood loss 
5 47/F Explosion; 65% burn; mangled leg; 
amputation; pneumonia; 4 units 
blood loss 
6 74/M Ruptured aortic aneurysm; profound 
shock; 20 units blood loss 
7 67/M Ruptured aortic aneurysm; 
perioperative myocardial infarction; 
pneumonia; 20 units blood loss 
8 69/M Chronic lung disease; leaking aortic 
aneurysm 
9 68/M Esophagogastrectomy 
10 25/M Cirrhosis; portal decompression; dialysis 
11 50/F Chronic lung disease; short bowel 
syndrome; bowel obstruction 
Sepsis 
12 35/M Small bowel perforation; gangrene 2/3 
of bowel 
13 56/M Ruptured aortic aneurysm; profound 
shock; necrosis of colon and leg; 
dialysis 
14 50/F Cirrhosis; perforated ulcer 
15 37/F Billroth Il; blowout duodenal stump; 
pancreatic necrosis 
16 55/M Chronic lung disease; gangrenous 
gallbladder 
17 54/M Cirrhosis; perforated ulcer; pneumonia 
18 75/F Chronic myelogenous leukemia; 
perinephric abscess; pneumonia 
19 63/M Cirrhosis; stab wound heart, liver; 
emergency thoracotomy; 
mediastinitis 
20 23/M Stab wound to chest; profound shock; 
ischemic necrosis entire colon 
21 61/M Esophagogastrectomy; anastomatic 


breakdown; mediastinitis 


P,O,/F,O2* (BILI]t [CREAT]t 

(mmHg) (mg/dl) (mg/dl) Outcome 
207 2.9 1.6 Extubated day 4 
158 5:3 0.7 Extubated day 30 
162 2.1 1.6 Extubated day 2 
110 0.8 1.2 Extubated day 4 
215 1.4 0.6 Extubated day 66 
103 1.1 1.3 Extubated day 18 
192 1.2 2.4 Extubated day 20 
160 0.7 0.9 Extubated day 4 
148 0.5 ii Extubated day 16 
195 21.6 TT Died day 10 
125 0.7 1.0 Extubated day 8 

78 4.0 1.3 Died day 42} 

206 4.2 6.5 Died day 47} 
131 10.4 1.2 Died day 13 
120 0.5 4.7 Died day 5 
173 0.3 1.3 Extubated day 40 
100 2.9 1.7 Died day 3 
132 0.8 ii Died day 10 
170 10.1 0.9 Extubated day 18 
101 4.9 3.1 Died day 12 
144 1.4 1.0 Died day 70ł 





* Ratio of partial pressure of oxygen in systemic arterial blood to 
fractional inspired oxygen concentration. 


Results 
Characteristics of Patients at Time of Entry 


Between May 1982 and February 1984, 1441 patients 
were admitted to the Surgical Intensive Care Unit. Forty- 
one patients were entered into the study—21 in the PGE, 
group and 20 in the placebo group. Approximately 1350 
patients were not considered for entry either because they 
did not require mechanical ventilation with an inspired 
oxygen concentration of 0.40 and with an end expiratory 


+ Serum concentration of bilirubin and creatinine. 
ł Patients alive at predetermined end point of 30 days. 


pressure of 5 cm HO or because they seemed to be re- 
sponding to conventional therapy. Approximately 50 pa- 
tients were excluded: 10 had suffered head injuries, 25 
were hemodynamically unstable and never became stable, 
15 had neither a central venous nor a pulmonary arterial 
catheter in place, and 10 lacked family to give informed 
consent. 

The condition of the 41 patients entered into the study 
is indicated in Tables 1 and 2; a summary of their con- 
dition is given in Table 3. At the time of entry, 11 PGE, 
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TABLE 2. Description of the 20 Patients Entered into the Placebo Group 











Patient Age/Sex Diagnosis 
Trauma 
22 33/M Von Willebrand’s; gunshot liver, colon, 
kidney; 19 units blood loss 
23 29/M Transected thoracic aorta; 17 units 
blood loss 
24 58/M Stab wound to supraceliac aorta; 13 
units blood loss 
25 33/M Cirrhosis; bilateral tibia fractures; 
pneumonia; 5 units blood loss 
26 49/M Pulmonary contusion; tibia-fibular 
fracture; pneumonia; 4 units blood 
loss 
27 76/F Bilateral femur fractures; pneumonia; 
10 units blood loss 
28 87/M Expanding aortic aneurysm: pulmonary 
embolus; pneumonia 
29 50/M Cirrhosis; portal decompression 
30 62/M Chronic lung disease; perforated ulcer; 
pneumonia 
Sepsis 
31 66/M Cirrhosis; pancreatic abscess; bleeding 
ulcer 
32 63/F Perforated ulcer, subhepatic abscess; 
pancreatic phlegmon 
33 65/F Perforated ulcer; dehydration; 
thrombosed vasculature to 
extremities 
34 66/F Ligation superior mesenteric artery; 
small bowel necrosis 
35 37/F Obesity (180 kg); diverticulitis with 
multiple abscesses 
36 39/F Cirrhosis; spontaneous bacterial 
peritonitis; dialysis 
37 50/M Ruptured diaphragm; ruptured spleen; 
subhepatic and pancreatic abscesses 
38 73/M Pelvic fracture; hepatic hematoma; 
pulmonary contusion; hepatic abscess 
39 21/F Subdural hematoma; ruptured spleen; 
esophageal perforation; mediastinitis 
40 31/M Gunshot wound to colon, jejunum, 
pancreas, supraceliac aorta, spinal 
cord 
41 35/M Esophagogastrectomy; anastomotic 


leak; mediastinitis 


P,O,F,O, [BILI] [CREAT] 
(mmHg) (mg/dl) (mg/dl) Outcome 

202 4.5 1.3 Died day 28 

166 1:3 0.8 Extubated day 3 

184 0.5 0.8 Extubated day 55 
94 4.3 21 Extubated day 24 
125 1.7 0.8 Extubated day 40 
162 4.5 1.2 Extubated day 38 
70 0.6 1.0 Died day 13 

164 4.8 0.7 Died day 34 

153 0.6 1.0 Died day 37 

214 Sif 1.3 Extubated day 3 

192 10.6 0.7 Died day 25 

214 0.9 1.4 Died day 2 

142 3.1 3.1 Died day 33 

230 0.3 1.5 Died day 2 

111 38.1 5.5 Died day 7 
87 4.9 3.0 Died day 1 

150 13.0 3.0 Died day 2 

160 1.4 0.5 Extubated day 44 

166 3A 0.8 Died day 9 

104 3:2 0.7 Died day 37 





and eight placebo patients had severe pulmonary failure; 
four and four, severe hepatic failure; and four and four, 
severe renal failure with two and one on hemodialysis. 
Six PGE, and 10 placebo patients were free of severe pul- 
monary, cardiac, hepatic, and renal failure at time of entry. 


Potential Side-Effects of Infusion 


The infusion was stopped, or less than full doses were 
infused, in six PGE, and four placebo patients. The rea- 
sons for, and the response to, stopping or curtailing the 
infusion are given in Table 4. Other than the possible 
side-effects listed in the table, the drug had no adverse 
effects except that it may have ablated pulmonary hypoxic 
vasoconstriction in some patients. The P,O>/F;O> indices 


in the PGE, patients, before starting the infusion and im- 
mediately after full doses were reached, fell from 149 + 40 
mmHg to 132 + 49; the indices in the placebo patients 
were 155 + 44 and 168 + 43. The drug had no immediate 
influence on any of the other variables listed in Table 3. 
It did not seem to increase susceptibility to infections. 
There were no wound complications in either group. 


Concomitant Treatment 


The patients were treated with similar drugs during the 
course of the infusion. Nine PGE, and eight placebo pa- 
tients required inotropic support with either dopamine, 
dobutamine, or norepinephrine. Eleven PGE, and five 
placebo patients received a cephalosporin antibiotic; 10 
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TABLE 3. Condition of Patients at Time of Entry into Study 


PGE, 
Mean S.D. Range 

Age (years) 49 18 16-75 
Days of illness before 

entry 6.5 5.6 1-20 
Days of mechanical 

ventilation before 

entry 7 7 1-28 
Inspired oxygen 

concentration 0.55 0.15 0.40-0.90 
End expiratory 

pressure (cm HO) 8 3 5-13 
P,O: (mmHg) 80 12 66-104 
P,CO, (mmHg) 41 5 27-49 
pH 7.40 0.06 7.26-7.49 
Heart rate (beats/min) 110 111 93-131 
Pra (mmHg) 14 3 8-21 
Ppa (mmHg) 27 5 15-35 
Pwedge (mmHg) 15 3 9-21 
Part (mmHg) 89 13 75-118 
Cardiac index 

(L min“'m~) 4.2 0.8 2.9-6.2 
PmvO, (mmHg) 35 4 26—41 
Bilirubin concen- 

tration (mg/dl) 34 5.0 0.5-21.6 
Creatinine concen- 

tration (mg/dl) 2.0 1.9 0.6-7.7 
WBC count 

(cells/mcl) 13,600 6200 5000-28 ,000 
Platelet count 

(cells/mcl) 119,000 67,000 12,000-302,000 


P,O, and P,CO, = partial pressures of oxygen and carbon dioxide in 
systemic arterial blood; Pra, Ppa, Pwedge, and Part = right atrial, pul- 
monary arterial, pulmonary arterial wedge, and mean systemic arterial 


PGE, and 12 placebo patients received a penicillin deriv- 
ative; 12 PGE, and 17 placebo patients received an ami- 
noglycoside. Sixteen PGE, and 14 placebo patients re- 
ceived total parenteral nutrition during the infusion; 13 
of the 16 PGE, and 10 of the 14 placebo patients received 
lipid infusions with their total parenteral nutrition. One 
PGE, and one placebo patient had been receiving steroids 


Placebo 
N Mean S.D. Range N 
21 51 18 21-87 20 
21 TS 9.2 1-36 20 
21 7 11 1-40 20 
21 0.55 0.15 0.40-0.90 20 
21 8 3 5-14 20 
21 83 15 63-118 20 
21 41 5 34-53 20 
21 7.38 0.07 7.19-7.49 20 
21 114 16 80-135 20 
18 13 4 8-20 16 
19 27 4 20-38 16 
19 15 4 10-23 16 
21 85 14 60-108 20 
19 4.8 1.6 2.7-8.8 16 
14 38 4 28-45 13 
21 5.4 8.4 0.3-38.1 20 
21 1.6 1.2 0.5-5.5 20 
21 19,900 9700 7800-48,700 20 
21 197,000 184,000 31,000-720,000 20 


pressures; PmvO, = partial pressure of oxygen in pulmonary arterial 
blood. 


chronically before developing the illness that precipitated 
their entry into the study; they continued to receive ste- 
roids during the infusion. None of the patients in either 
group received nonsteroidal anti-inflammatory agents. 
Fifteen patients in the PGE, group and 11 in the placebo 
group required blood transfusions during the infusion. 
The PGE, patients received 0.5 + 0.4 units of blood pa- 


TABLE 4. Patients in Whom Infusion Was Interrupted 








Duration 
Patient of Infusion Reason for Interrupting Infusion Outcome 
PGE, patients 
4 3 days Agitation; infusion stopped; agitation persisted Survived 
6 7 days Hypotension; dose decreased to 20 ng kg! min™'; hypotension resolved Survived 
10 7 hours Hypotension; infusion stopped; hypotension persisted Died 
11 7 days Malaise; dose decreased to 20 ng kg"! min~'; malaise resolved Survived 
13 3 days Hypotension; infusion stopped; hypotension persisted Died 
17 1 day Hypotension; infusion stopped; hypotension persisted Died 
Placebo patients 
27 6 days Central venous access lost Survived 
28 1 day Hypotension; infusion stopped; hypotension persisted Died 
34 3 days Central venous access lost Died 
36 1 day Fluid restriction needed Died 
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FIG. 1. PyO2/F,O; indices in 21 PGE, patients (left) and 20 placebo patients 
(right) at time of entry and at time of extubation or death. Horizontal 
line represents mean value; vertical lines, +1 SD. Patients who died are 
indicated by closed circles. 


tient”! (day of infusion) ' compared with 0.3 + 0.5 in the 
placebo patients. 


Response to Infusion and Patient Survival 


Infusion of PGE, seemed to improve pulmonary func- 
tion. Two of the 21 PGE, patients died with severe pul- 
monary failure compared with nine of the 20 placebo 
patients (p = 0.01 by Fisher’s Exact test). P,02/F,;O, in- 
dices in the PGE, patients increased from a value of 149 
+ 40 mmHg at time of entry to 245 + 95 at time of 
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FIG. 2. P,O2/F,O2 indices in the patients free of severe organ failure at 
time of entry. 
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extubation or death (p < 0.025 by two-tailed paired t- 
test) (Fig. 1). The P,O2/F,O2 indices in the placebo group 
did not improve significantly, being 155 + 44 mmHg at 
entry and 175 + 87 at extubation or death (Fig. 1). In the 
six patients who were free of severe organ failure at time 
of entry, the P,O2/F,O, indices increased from 185 + 23 
mmHg to 303 + 55 at extubation (p < 0.05 by the Sign 
test) (Fig. 2). The indices in the 10 placebo patients initially 
free of severe organ failure showed no improvement, being 
180 + 26 mmHg at entry and 185 + 82 at extubation or 
death (Fig. 2). 

Survival at 30 days after the end of infusion, the pre- 
determined end point, was significantly better in the pa- 
tients given PGE, (p = 0.03 by Fisher’s Exact test), with 
15 of the 21 PGE, patients (71%) alive at this time com- 
pared with seven of the 20 placebo patients (35%). Overall 
survival of the PGE, patients was not significantly better 
than survival in the placebo patients (p = 0.08 by Kaplan- 
Meier plots and a Generalized Wilcoxon test, Fig. 3). 
Overall survival in patients initially free of severe organ 
failure, however, was significantly better in the PGE, pa- 
tients (p = 0.03, Fig. 4). Of the six PGE, patients free of 
severe organ failure at time of entry, all survived to leave 
the hospital; of the 10 placebo patients initially free of 
severe organ failure, four survived. 

The presence or absence of uncontained peritonitis was 
known with certainty in 20 of the 22 patients that died. 
Autopsies were obtained in 18, and pre-mortem abdom- 
inal explorations were performed in two. On clinical 
grounds, the status of the abdomen in the remaining two 
was known with considerable confidence, neither of the 
patients showing any sign of abdominal infection at the 
time of death. Based on this evidence, six of the PGE, 
and nine of the placebo patients had uncontained peri- 
tonitis at death. 


Discussion 


PGE, doubled the 30-day survival rate, increasing it 
from 35% in the placebo group to 71% in the drug group 
(p = 0.03). This end point, which was selected before the 
study began in 1982, was easy to define and was clinically 
relevant in that the fate of most critically ill surgical pa- 
tients is settled within a month or so after the onset of 
their illness. The end point had a disadvantage, however, 
because the study was stopped by predetermined trial 
protocol once statistical significance for 30-day survival 
was reached. Stopping the trial at this point may have 
prevented us from reaching significant improvement for 
overall survival. 

Even so, the response of the patients given the drug 
was encouraging. Overall survival in the patients initially 
free of severe organ failure was significantly improved— 
100% versus 40% (p = 0.03)—and the drug seemed to 
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FIG. 3. Survival in 21 patients 
given PGE, (solid line) and 
in 20 patients given placebo 
(dashed line). All patients 
alive at 75 days survived to 
leave the hospital. 
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improve pulmonary function in many of the patients, in- 
cluding some with severe pulmonary failure at time of 
entry. Only two of the 21 PGE; patients died with severe 
pulmonary failure, compared with nine placebo patients 
(p = 0.01), and the mean P,O;/F,O, indices in the drug 
patients increased from 149 to 245 mmHg (p < 0.025), 
compared with little improvement in the indices of the 
placebo patients, which went from 155 to 175 mmHg. 
The 41 patients selected were among the most critically 
ill of the patients admitted to the intensive care unit during 
the study period. Eleven PGE, and eight placebo patients 
had severe pulmonary failure at time of entry into the 
study, carrying an expected survival rate of 50%7!*!”; four 
PGE, and four placebo patients had severe hepatic failure, 
carrying an expected survival of 25%"; and four PGE, 
and four placebo patients had severe renal failure, carrying 


an expected survival of 25%.'? Most of the patients, in ` 


both groups, had a major systemic problem, such as an 
overwhelming injury, systemic sepsis, extreme old age, or 
serious pre-existing disease, all problems that decrease 
survival rates.” Many of the patients had been trans- 
ferred to us from other medical facilities where conven- 
tional therapy was failing, and all of the patients were 
deteriorating at the time of entry into the study. These 
last two factors—transfer from other medical facilities and 
deterioration despite all efforts—are perhaps the most 


FIG. 4. Survival in patients 
free of severe organ failure at 
time of entry. Six PGE; pa- 
tients (solid line) and 10 pla- 
cebo patients (dashed line). 
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ominous prognostic signs of all. We selected critically ill 
patients for the study on purpose. These patients were the 
ones to whom we had little more to offer; and these pa- 
tients were the most likely to demonstrate a statistically 
significant improvement in survival if, indeed, the drug 
were to have a beneficial effect. 

The drug was safe to use. It did not precipitate bleeding, 
did not potentiate systemic infections, and did not impede | 
systemic wound healing. It is a vasodilator, but, when 
titrated slowly and when used at intravenous doses of 30 
ng kg! min™', it did not cause serious decreases in sys- 
temic arterial blood pressure. It may have dilated the pul- 
monary vasculature somewhat and may have transiently 
ablated some of the pulmonary hypoxic vasoconstriction 
associated with the alveolar hypoxia of ARDS, but if the 

‘ drug did ablate pulmonary hypoxic vasoconstriction, the 
effect was transient: the P,O2/F,O, indices did drop tran- 
siently in some PGE, patients once full doses of drug were 
achieved, but the indices rebounded to at least baseline 
by the following day in most cases. In any case, ablating 
pulmonary hypoxic vasoconstriction may not be bad; 

perhaps augmenting blood flow to damaged lung helps 
the pulmonary parenchyma heal itself. - 

PGE, is a promising agent for the treatment of ARDS, 
and it could become even more promising as experience 
with the drug accumulates. The drug gave good results in 
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this trial, even though in at least two ways it was probably 
not used to its best potential. First, the drug in this trial 
was given only to patients who had established ARDS. 
Perhaps the drug should be given earlier. Second, the drug 
was used for no more than 7 days. Perhaps the drug should 
be given for longer periods of time in patients with per- 
sistent extrapulmonary sepsis. The safety of long-term in- 
fusions of PGE, to adults is not established yet, but in 
infants the drug seems to be satisfactorily tolerated even 
when given for more than 7 days.” Confirmatory 
trials to answer these and other questions are currently 
underway. 
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e SUTSZEONS Palio DICE... 


22S) RES area ee ed 


Extends single-drug reach 
in empiric therapy of 
postoperative infections 


Clinically proven highly effective against the important gram-positive 
and gram-negative pathogens, including Enterobacteriaceae, 
Staphylococcus and Pseudomonas, major sources of 


E bacterial septicemia E nosocomial pneumonia 
E postsurgical wound infection E complicated UTI 





TO) Rae Glaxo 


ceftazidime for injection 


Today’s rational choice 
for empiric therapy 


E Clinical success in 93% of patients (68% cured; 
25% improved)* treated for a wide range of infections. 


E As effective as the aminoglycosides alone or in 
combination, without exposing the patient to possible 
aminoglycoside toxicity. 


E Exceptionally well tolerated...safety profile similar to 
first-generation cephalosporins.‘ 


E The outcome of 6 years of intensive research by Glaxo. 


*Cured: Clinical findings subsided in a reasonable period of time with no clinical evidence of infection 
at the time the drug was discontinued or during follow-up. Improved: Clinical findings subsided 
significantly in a reasonable period of time but with incomplete resolution of evidence of infection, 
or relapse during follow-up, possibly related to underlying disease state 

‘For a listing of all adverse reactions, please see brief summary. 

Please see brief summary of Prescribing Information on following page. 
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Brief summary. Before prescribing. consull complete prescribing information. 

INDICATIONS AND USAGE 

FORTAZ* is indicated for the treatment of patents with wilectioss caused by suscaptible str 

designated orgamsmis in the diseases hsted below 

1. Lower Respiratory Tract Infections, including preumonia. caused by Pseudemor tas aeruginosa and other 
Pseudomonas species, Haemophilus influenzae. including ampie T Sieli 
Enterobacter species: Proteus mirabilis. Escherichia colt: Serrati 
Streptococcus pneumoniae. and Staphy jococcus aureus (meihin 

2. Skin and Skin Structure Infections, cz: a a 

Pimrabilis and indole-pest 

imethicillin-susceptible strains}, and S. pyogenes {group Abeta t 

Urinary Tract infections, both complicated and uncomplicated, ed by P aeruginosa, Enterobacter 

species: Proteus species, including Pmrabiis and indole- positive Proteus, Klebsiella sp and E 

Bacterial Septicemia, caused by Paeruginasa. Klebsiella species: H influenzae. E col. Serratia s 

_ pneumoniae, and S. aureus eve 
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(methiedin-susceptibie siram 
6. Gynecological Infections, incuding endometritis, pelvic cellulitis and ather infections of the female gerita! 
tract, caused by £. coli 
7. Intra-Abdominal Infections, including pentomtis caused by 
imethiedin-susceptibie strains} J 
and Bacteroides species (many s 
8. Centrat Nervous System Infections, : 
meningitidis. FORTAZ has also bee 
aeruginosa and S. pneumoniae. 
Specimens for bactena! cultures shouid be obtained prior to therapy in order to isolate and i 
y and to determine then susceptibiity to ceftazidime. Therapy may be ims 
ptbility studies are known: however, once these resu available, the a 
treatment should be adjusted accordingly. 
FORTAZ may be used alone it cases of confirmed of suspected s 
m clinical mais as empire therapy in cases where various concom 
been used 
FORTAZ may also be used concomitantly with other anubiotics 
chadamyein, in severe and ife-threatening infections and in tt t npr p y such 
concomitant treatment is appropiate, presenbin 
be followed. The dose depends or severity of th 
CONTRAINDICATIONS 
FORTAZ® is contraindicated in patients who have shown hypersensitivity to ceftazidime or the cephalosporin 
group of antibiotics, 
WARNINGS 
BEFORE THERAPY WITH FORTAZ® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE T 
WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEETAZIDIME 
CEPHALOSPORINS. PENICILLINS, OB OTHER DRUGS. ANTIBIOTICS SHOULD BE ADMINISTERE 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY T 
THIS PRODUCT SHOULD BE GIVEN WITH CAUTION TO PATIENTS WITH TYPE 1 HYPERSENSITIVITY 
REACTIONS TO PENICILLIN. IF AN ALLERGIC ACTION TO FORTAZ OCCU REATMENT 
WITH THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE | EPINEPHRINE A AND CTHER 
EMERGE NCY MEASURES 
Pseudomembranous colitis has been reported with the use of cephalosporins {and other broad-spectrum 
antibiotics); therefore, it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. 
Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia, Studies indicate a twan produced hy C difficde is ane primary cause of antibiotic-assocrated colitis 
Mild cases of colitis may respond to drug discontinuance alone. Maderate to severe cases should be 
managed with Hud, electrolyte, and protein supplementation as indicated. When the colitis s not rehevec by 
drug discontinuance or when itis severe, oral vancomycin is the treatment of choice for antibiotic-associated 
pseudomembranous colts produced by C. difficile. Other causes of colitis shouid also be considered 
PRECAUTIONS 
FORTAZ® has not been shown to be nephrotoxic, however, because hgh and prolonged serum antibiotic 
concentrations can occur fram usual doses in patients with transient or persistent reduction of urinary output 
because of renal msufficiency. the totai daily dasage should be reduced when ceftazidime is admurustered to 
such patients (see DOSAGE AND ADMINISTRATION). Continued dosage should be determined by degree of 
fenal impairment, seventy at infection and susceptibility of th ative organisms 
As with other antibs nged use of FORTAZ may resultin overgrowth of nonsuscephible organi 
Repeated evaluation of the pahent ndihon is essential. H supernfection occurs during therapy. approp 
measures should be taken 
FORTAZ j ribed with caution in individuals with a history of gastrointestinal disease 
particularly colitis 
Drug Interactions: Nophroroxieity h has been rey 
with arn 
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monitored, especially t sages of the amnaglycosi 
ty and mas 


prolonged, because of the potential nephrot 
Nephrotoxicity anid ototaxicity were not n 
alone in Clinical tnals. 

Carcinogenesi Mutagenesis. impairment of Fertility: Long-term studies in animals have not bee 
to evaluate ci agenic potential. However, a mouse Macronucleus test and an Ames test were bot 
for mutagenic effects. 

Usage in Pregnancy: Pregnancy Category B: Reprod n Sky ave be 
doses up ta 40 times the human dose and have revealed no evide: 
due to FORTAZ. There are, however, no adequate and well-controlled studi £ g 
animal reproduction studies are not always predictive of human response, this drug should be used dun ig 
pregnancy anly f clearly needed, 
Nursing Mothers: Ceftazidime is 
when FORTAZ 1s administered to a nutsin 
ADVERSE REACTIONS 

FORTAZ* is generally well tolerated. The incidence af adverse reactions associated with the ad 
nical tuals The most common were focal rea en 
tinal reactions. Other adverse reactions w 
ł actions were reported. The folio adverse eff 
he either related to ceftazidime therapy or were of uncertain etigi 
Local Effects, copariede legs (Nan f patents. were phlebitis and intamm ation at the site of injection 
{1 in 69 patients) 

Hypersensitivity Reactions, reported in 2° 
hypersensitivity reactions occurred in 1 
Gastrointestinal Symptoms, reported in fess t? 
vomiting {1n 500), and abdominal pain 416} 
Less Frequent Adverse Events {less tha: ere candidiasis and vagini 
which included headache, dizziness. and paresthesia. 

Laboratory Test Changes noted during FORTAZ chnical tials were transient and included. eosin 
13), positive Coombs test without hemolysis (1 14 23), thrombacy 

or more of the hepatic enzymes, SGOT (1 in 161 SGPT {tir 
phosphat in 23). As with some other ceph 
nitrogen erum creahinine were obser ally. 
thrombocytopema and lymphocytosis were seen very rarely. 
DOSAGE AND ADMINISTRATION 
impaired Renal Function: Ceftazidime : 
Therefore, in patients with wnpaied renal f 
ceftazidime be reduced to compensate far et 
dosage in patients with renal impayment 
How; SUPPLIED 

* in the dry state she 
Peete tram light. FORTAZ : 
NDC 0173-0377-31. ‘500 mg Viais (Tray of 25} 

NDC 0173-0378 35 "Ty Vals ( ry af 25) 

NOC 0173-0379-34 °2 g Vials (Tray of 10) 

NDC 0173-0380-32 *1 g infusion Pack {Tra y at 10} 

NOC 0173-0381-32 ‘2 g Infusion Pack (Tray of 10) 

NOC 0173-0382.37 *B g Pharmacy Buik Package (Tray af 6} “equivalent to anhydrous cellaz dime 
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Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 








AMERICAN 
7 CANCER 
% SOCIETY” 


“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec.). 
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MOSS’ NASAL TUBE 


Esophageal/duodenal decompression is 12-14 times 
more efficient than the gastric aspiration of alternative 
devices* “Enteral Hyperalimentation” begins immediately 
postop, with reported decreased sepsis, wound problems, 
and markedly shortened LOS. 
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decompression- 
feeding catheters. 


Redesigned urethane 
tubes are smaller 
(#20 — #18 Fr) for 
greater comfort and 
compatability, without 
sacrificing efficiency 
or performance. 
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Stimulation of Wound Healing by Epidermal 


Growth Factor | 


z 
4 A Dose-dependent Effect 


“pe 





JUHA NIINIKOSKI, M.D.* 


MATTI LAATO, M.D." 
LENA LEBEL, PH.D.t 


This work was undertaken tò study the effects of various doses 
of locally applied epidermal growth factor (EGF ) on developing 
granulation tissue in rats. Cylindrical hollow sponge implants 
were used as an inductive matrix for the growth of granulation 
tissue. In the test groups, the implants were injected daily with 


7 a solution containing 0.2, 1, or 5 ug of EGF in 0.1% albumin 


while the implants of the control group were treated correspond- 
ingly with the carrier solution only. Analyses of granulation tissue 
in the sponge cylinders were carried out 7 days after implantation. 
A stimalatory, dose-dependent effect of EGF on granulation tis- 

sue formation was observed: cellularity increased, as evidenced 
by the elevated amounts of nucleic acids, and accumulation of 
collagen and ayeoeeminceycane was enhanced, : 


PIDERMAL GROWTH FACTOR (EGF) is a single 
polypeptide chain of 53 amino acid residues and 
contains three intramolecular disulfide bonds that 

are required for biological activity.:2 EGF enhances a 
cascade of ceHular events that are part of the mitogenic 
response produced by EGF, including initiation of DNA 
synthesis and cell replication, activation of RNA and pro- 
tein synthesis, and activation of the synthesis of extracel- 
lular macromolecules.** 

Although it has been suggested that EGF could be ben- 
eficial in wound healing, it has not been extensively used 
in this respect.'* Local daily application of EGF enhanced 
accumulation of granulation tissue cells, collagen, and 
glycosaminoglycans in experimental rat wounds.’ The 
present work was undertaken to study the effects of various 
doses of locally applied EGF on tissue repair in rats using 
a subcutaneously implanted sponge cylinder as a wound 
model.: 





Reprint requests: Matti Laato, M.D., Department of Surgery, Uni- 
yersity of Turku, SF-20520 Turku, Finland. ` 
Submitted for publication: November 1, 1985. 
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From the Department of Surgery, University of Turku, Turku, 
Finland,” and the Department of Experimental Medicine, 
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Methods 
Wound Mode! 


A standardized experimental wound model described 
by Niinikoski, Heughan;.and Hunt was used.° Viscose 
cellulose sponge (Säteri Oy, Valkeakoski, Finland) was 
used as an inductive matrix for repair tissue. The material 
was cut into cylindrical pi 40 mm long and 10 mm 
in diameter, and a tunnel of 3 mm in diameter was made 
through the center of the sponge. Silicone rubber discs, 
10 mm in diameter and 2 mm thick, were stitched onto 
both ends of the sponge to create a stable dead space. The 
cylinders were decontaminated by boiling for 30 minutes 
in physiological saline and the implantations were per- 
formed with strictly aseptic techniques. Male Spraque 
Dawley rats weighing 230-250 g were anesthetized with 
ether, and an incision, 4 cm long, was made in the dorsal 
midline at the caudal portion of the back. Each rat received 
one sponge cylinder that was implanted longitudinally 
under the skin, cephalad from the incision. During the 
experiments, the animals received a normal diet and water 
ad libitum and were housed individually i in cages in the 
animal quarters. l 


Experimental Protocol 


Altogether 24 rats were studied in four groups of six 
animals. In the control group, the implants were treated 
immediately after implantation by injecting 0.05 ml of 
0.1% bovine serum albumin (BSA) in phosphate-buffered 
saline (PBS) into the central tunnel of the implant. The 
implant of the three test groups was injected correspond- 
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TABLE 1. Effect of Various Daily Doses of Epidermal Growth Factor (EGF) on Different Components of Developing Granulation Tissue 




















EGF 
Control 02 EE 1 ug 5 ug 

DNA (mg/implant) 6.19 + 0.83 116 £0. 41 (425%) 8.19 + 1.0 (432%) 10.33 + 0.63 (+66%)t -` 
RNA-ribose —_ (me/implant) 1.53 + 0.09 1.83 + 0.04 (+19%) 2.01 + 0.12 (431%)t 2.29 + 0.08 (+-49%)t 
RNA-ribose/DNA 0.26 + 0.03 - 0.24 + 0.01 (—10%) 0.26 + 0.02 (—3%) 0.23 + 0.02 (~15%) 
Nitrogen (mg/implant) 19.5 +1.6 23.0 +1.0 (+18%) 25.9 +14 (4+32%)t 28.7 £1.0 (+47%)t 
Hydroxyproline (mg/implant) 1.77 + 0.18 2.38 + 0.08 (+34%)* 3; 01 + 0.25 (+70%)t 3.49 + 0.42 (+97%)t 
Hexosamines (mg/implant) 1.32 + 0.13 1.53 + 0.08 (+15%) 1168 + 0.11 (+27%)* 1.76 + 0.08 (+33%)t 
Uronic acids (mg/implant) 1.99 + Q.13 2.60 + 0.15 (+30%)* 2.43 +0. 09 (+22%) 3.16 + 0.25 (+58%)$ 





Means + SEM are indicated; each group consisted of six rats. 
The change from control is indicated in the parentheses. 


ingly with 0.05 ml of a solution containing 0.2, 1, or 5 ug 
of EGF in 0.1% BSA. Human EGF was obtained as a 
donation from Chiron Corporation (Emeryville, CA). In- 
jections of all groups were repeated daily under strictly 
aseptic conditions. Bacteriological examinations of wound 
fluid were performed in each group 7 days after implan- 
tation, and no infections were observed. After collection 
of the wound fluid samples, the rats were anesthetized 
with ether and killed. The implants were dissected free 
from the surrounding tissues, and the silicone rubber discs 
were removed. Nucleic acids were extracted from the im- 
plants according to the method of Schmidt and Thann- 
hauser.’ DNA was determined by the diphenylamine- Te- 
action;® and RNA was assayed as RNA-ribose by the 
method of Ceriotti.? Aliquots were taken for the car 
mination of nitrogen, !° hydroxyproline, !! hexosamines, * 
and uronic acids.” 


Statistical Analysis 


Results are expressed as means + standard error. The 
significance of differences in means between the control 
and the experimental groups was tested by a one-way 
analysis of variance, where the factor used ` was the mode 
of treatment. The pairwise comparisons between daily 
mean values were made using Student’s t-test with Bon- 
ferroni correction after discovering by the one-way anal- 
ysis of variance that there was an overall variation between 
these mean values, Statistical processing was carried out 
using a BMDP computer program library." 


Results 


Data of the effects of EGF on various wound healing 
parameters are shown in Table 1. After daily application 
of 5 ug of EGF, statistically significant increases were ob- 
served in the accumulation of DNA (+66%) and RNA 
(+49%) as well as in the amounts of tissue nitrogen 
(+47%), collagen hydroxyproline (+97%), hexosamines 
(+33%), and uronic acids (+58%). Similar but less pro- 





* p < 0.05; tp < 0.01; tp < 0.001. 


found effects on granulation tissue parameters were ob- 
served after daily application of 1 ug of EGF. The lowest 
dase of EGF had no marked effects on the amounts of 
nucleic acids, tissue nitrogen,.or hexosamines, but even 
in this group the amounts of hydroxyproline and uronic 
acids rose significantly above the control level. The RNA- 
ribose/DNA ratios in the different treatment groups re- 
mained close to the control value. 


Discussion 


In earlier studies, extracts of the submaxillary gland of 
the mouse, when injected into newborn animals, induced 
precocious eyelid opening and incisor eruption due to a 
direct stimulation of epidermal growth and keratiniza- 
tion. The factor responsible for these effects was isolated 
and found to be a low molecular weight, heat stable, non- 
dialyzable polypeptide that accounted for approximately 
0.5% of the protein content of the submaxillary gland. A 
homologous polypeptide, human epidermal growth factor 
(urogastrone), was detected and isolated from human 
urine.'? Since then, human EGF has been produced 
through recombinant DNA techniques in quantities large 
enough for experimentation. $ 

Experimental studies in mice have suggested that de- 
livery of saliva to a wounded area may have implications 
as a physiological response to injury, mediated, ‘at least 
in part, by EGF. Removal of submaxillary and sublingual 
glands from mice was shown to delay closure in full- 
thickness skin wounds. Duct ligation of the submaxillary 
gland retarded wound closure significantly, but not to the 
same extent as gland ablation.'? Evidence has also been 

presented that topical application of EGF to a egal 
ized open back woynd in mice enhances wound closure.!® 
Topical EGE increased the rate of epithelialization of split- 
thickness skin wounds in pigs.’? Local application of an 
ointment containing EGF to rabbit ear wounds increased 
the thickness and cellularity of epithelium, inhibited 
wound contracture, and enhanced connective tissue mat- 
uration.” 
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In a preliminary work,’ daily local application of 5 ug 
of EGF resulted in elevated amounts of nucleic acids and 
enhanced accumulation of collagen and glycosaminogly- 
cans in subcutaneous sponge cylinders 10 days after im- 
plantation. However, single application of EGF, given 


$y immediately after wounding, had no effect on the devel- 


oping granulation tissue. 

The present study demonstrates a stimulatory, dose- 
dependent effect of daily local application of EGF on sev- 
eral granulation tissue.parameters, namely the cellularity 
and accumulation of collagen and glycosaminoglycans. 
The fact that the RNA-ribose/DNA ratio remained un- 
changed suggests that the structural synthetic capability 
of the cells was not influenced significantly. The favorable 
effect of the EGF treatment on collagen accumulation 
could be caused by an increase in the number of collagen- 
producing cells and/or direct stimulation of protein syn- 
thesis. 

The beneficial effect of EGF on wound healing can ans 
be explained by earlier observations according to which 
EGF enhances a cascade of cellular events that are part 
of the mitogenic response produced by this polypeptide.'* 
This results in an augmented cellular response to injury 
and enhanced accumulation of extracellular macromol- 
ecules, especially collagen and glycosaminoglycans, in re- 
pair tissue. 
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The study objective was to determine the optimal water porosity 
for a warp-knit, externally veloured Dacron® arterial prosthesis. 
Preclotting efficiency, surgical handling characteristics, throm- 
bogenicity, and 56-day healing in the descending thoracic aorta 
of mongrel dogs were measured for seven different arterial 
prostheses of the same basic design constructed to test the in- 
fluence of decreased porosity produced by increased yarn denier 
at a constant needle density. The six prototypes tested were 160, 
180, 200, 220, 240, and 280 denier. The 140 denier prosthesis 
(Bionit, C. R. Bard, Inc., Billerica, MA) served as the control. 
The water porosity of these prostheses varied from 2036 ml/ 
cm’/min at 120 mmHg for the control to 286 for the 280 pro- 
totype. The preclotting efficiency increased with decreased water 
porosity and with increased outer-wall filamentousness. Desir- 
ability of surgical handling characteristics decreased with lowered 
water porosity, while the degree of outer-wall filamentousness 
had little influence. All the prostheses showed excellent through- 
wall healing at 56 days, including endothelialization. The 160 
prototype represented an optimal blend of high preclotting ef- 
ficiency, desirable surgical handling characteristics, and excellent 
56-day healing. These studies are pertinent to the future devel- 
opment of porous, warp-knit Dacron arterial prostheses. 
I with the observation by Voorhees, Jaretzki, and 
Blakemore that a glistening film free of macroscopic 
thrombi would form on an intraluminal silk strand.' This 
was quickly followed by the leadership of DeBakey in 
development of weft-knitted and woven Dacron® 
prostheses.”* In 1955 the first clinical implants were per- 
formed. 

Wesolowski’s extensive experimental work in the 
growing pig formed the basis for his conclusion that in- 
creased porosity enhanced healing.*''! The Wesolowski 
Weavenit'™ (Meadox Medicals, Inc., Paterson, NJ) graft 
of weft-knit construction, which was developed on the 
basis of these studies, had a water porosity of about 4000 
ml/cm*/min at a constant pressure of 120 mmHg. 


N 1951 THE MODERN ERA of vascular surgery began 
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One of the authors (L.R.S.) subsequently worked with 
Wesolowski and Golaski in developing an even lighter 
and more porous weft-knit prosthesis called Microknit® 
(Golaski Laboratories, Inc., Philadelphia, PA)'?- (Fig. 
1). Unfortunately, it was difficult to achieve an impervious 
preclot with knitted grafts of such high porosity, and, if 
preclotting was inadequate, they were liable to perigraft 
hematoma formation.'*!4 

In the late 1960’s our attention was focused on the 
value of adding an external-velour surface to the weft- 
knit prosthesis to improve its preclotting efficiency and 
healing.!*!° 

The porosity of our weft-knitted, externally veloured 
prosthesis introduced in 1970 was about 3000 ml/cm?/ 
min, but preclotting was still difficult. By 1978 we had 
developed, with C. R. Bard, a warp-knit prosthesis with 
a porosity of about 1500 ml/cm?/min.”° This graft, the 
Bionit (C. R. Bard, Inc., Billerica, MA), was easier to pre- 
clot than its predecessor. However, we doubted that the 
porosity of this prosthesis was optimal. 

Over the past few years, our goal for future development 
of the external-velour concept of warp-knitted porous 
Dacron prostheses has been to increase the preclotting 
efficiency by decreasing water porosity to the lowest level 
that would not significantly reduce surgical handling 
characteristics or retard healing. The studies reported in 
this paper were designed to yield this information. 


Materials and Methods 


Prostheses 


A clinically available, externally veloured, warp-knit, 
crimped Dacron arterial prosthesis (Bionit, Figs. 2 and 


+ 


~+ 
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3), was compared to six prototype grafts. The prototype 
grafts represented incremental increases in the amount of 
yarn used in the total stitch, measured in denier. As com- 
pared to the control denier of 140, the prototypes were 
identical in construction, size of needles, finishing pro- 
cedures, and diameter. The only variable was the con- 
trolled incremental increase in the total denier per stitch, 
resulting in a denser fabric containing more yarn. The six 
prototypes for this study had deniers of 160, 180, 200, 
220, 240, and 280. 

Water porosity of these prostheses was measured by the 
method of Wesolowski.*'! The water porosity of the clin- 
ical Bionit graft, as measured by the manufacturer, is 1500 
ml/cm? at a pressure head of 120 mmHg. Using a similar, 
but not identical system in our laboratory, the water po- 
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Fics. 1A and B. Transillumination of a Microknit prosthesis, showing 
the interstices of this weft-knit fabrication, A. External surface. B. Internal 
surface. LM, X200. 


280 


yN 


Fic. 2. Microstructure of the Bionit (140) and the 160 and 280 prototypes; all magnifications are X50. For each prosthesis, the upper panel is an 
SEM of the outer surface, the middle panel is an LM of a longitud:nal section, and the lower panel is an SEM of the inner surface. 





Fic. 3. Schematic drawing showing the external and internal surfaces of 
a warp-knit Dacron prosthesis. Solid line depicts the support part of the 
stich, and open line depicts the velouring part of the stitch. 


rosity averaged about 25% higher. Compliance was mea- 
sured by the method of Cengiz.”! Wall thicknesses of sec- 
tions of virgin, noncrimped fabric prepared for light mi- 
croscopy were measured with an ocular micrometer. 
These data in relation to the total stitch denier of the 
seven prostheses are given in Table 1 and Figure 4. The 
microscopic structures of three of these prostheses are 
shown in Figure 2. 


Operative Procedure and Specimen Retrieval 


Seven prostheses from each of these seven groups were 
serially implanted in the descending thoracic aorta of 49 
randomly selected healthy mongrel dogs in seven iden- 
tical rotations to reduce the influence of host variation. 
Implants were 8 mm in diameter and 6 cm in length. The 
average subject weighed 21.6 kg with a range of 12.7 to 
30.0 kg. There were 24 females and 25 males. All animals 
in this study received humane care in compliance with 
the “Principles of Laboratory Animal Care,” formulated 
by the National Society for Medical Research, and the 
“Guide for the Care and Use of Laboratory Animals,” 
prepared by the National Academy of Science and pub- 


TABLE !. Graft Specifications 








Prototype/ Prosthetic Water 
Denier Wall Thickness* Compliancet Porosity 

140 0.77 0.11-0.14 2036 
160 0.87 0.042 1042 
180 0.73 0.046 1314 
200 0.79 0.023-0.027 635 
220 0.71 0.033 779 
240 0.78 0.02 432 
280 0.84 0.013 286 





* Average means of 49 observations of noncrimped fabric measured 
in microns. 

+ Percentage change in volume of a cylindric section, divided by the 
change in pressure causing the volume change. 
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Preciotting Efficiency (Steps) 


Fic. 4. Porosity vs. preclotting efficiency. Water porosities were measured 
for each prosthesis before preclotting and after each of the four preclotting 
steps. 


lished by the National Institutes of Health (NIH Publi- 
cation No. 80-23, revised 1978). 

The subjects were given premedications of 0.25 mg/kg 
of acepromazine and 0.01 mg/kg of atropine. Anesthesia 
was initiated with 5-10 mg of thiamylal sodium given 
intravenously to effect. The subjects were then endotra- 
cheally intubated, ventilated with a Harvard Respirator 
(Harvard Apparatus Co., Inc., Millis, MA), and main- 
tained in Stage Three surgical anesthesia by 0.5-1.0% hal- 
othane. 

The left sixth or seventh intercostal space was opened 
and the upper middle portion of the descending thoracic 
aorta was dissected free. Four pairs of intercostal vessels 
were ligated and transsected. The proximal and distal 
aortic diameters were recorded. Blood for preclotting the 
prosthesis was taken from the left pulmonary artery using 
a No. 19 gauge catheter. Heparin was not administered 
to the subjects. 

The proximal and distal host aorta was clamped and a 
5 cm segment excised. Aortic continuity was re-established 
in an end-to-end fashion by anastomosing a preclotted 
prosthesis to the aortic ends with running 6-0 Prolene 
(Ethicon, Inc., Somerville, NJ); the graft was 6 cm long 
with a diameter of 8 mm. After 10 minutes of clamp time, 
50 mEq of sodium bicarbonate was given intravenously. 
After hemostasis was attained, and before closure of the 
pleural covering, the tendency of the prosthesis to turn 
white was noted. Then the pleura was reapproximated 
over the graft, and the chest wall was closed in conven- 
tional fashion. 

One day before operation and for the first to fifth post- 


+ 
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operative days the subjects were given a combination of 
penicillin/streptomycin intramuscularly. Sulfadimethox- 
ine was given orally for the next 5 days. 

The animals were killed at 56 days. Acepromazine was 
administered and thiamylal sodium was given until effect. 


Lp Ten thousand I.U. of heparin were then given and the 


ù 
on 


t 


implants were exposed, evaluated, removed, and rinsed 
with dextrose (D5). A lethal dose of potassium chloride 
was then given, followed by autopsy with special attention 
to the possibility of renal infarcts. 


Grafi Assessment 
To minimize technical variation, the areas studied for 


each graft were investigated by the same person for all 
grafts. The water porosity measurements were conducted 


by M.W., compliance studies were performed by S.B.R.. 


and the wall thickness, preclotting, implantation, surgical 
handling characteristics assessment, and maing studies 
were performd by S.R.M. 

Perioperative assessment. The seven prostheses in each 
of the seven groups were evaluated for preclotting effi- 
ciency, surgical handling characteristics, and transinter- 
stices blood loss. l 

The preclotting efficiency of each prototype was deter- 
mined by measuring the water porosity, using the methods 
described by Wesolowski.*!! Initial porosity of the non- 
preclotted fabric was measured. A 16 cm graft was then 
preclotted, using the four-step method described by Yates 
et al. A 2 cm segment was removed and its porosity 
measured after each of the four preclotting steps. A No. 
6 Fogarty® catheter (Edwards Laboratories, Inc., Anasco, 
Puerto Rico) was introduced into the lumen, inflated, and 
pulled through the entire graft lumen after each preclotting 
step. This assured removal of any intraluminal thrombus 
deposition. The remaining preclotted graft was then 
trimmed to a 6 cm length at implant tension and im- 
planted in the descending thoracic aorta. . 

Each graft was evaluated using four surgical handling 
criteria during the implantation, and the results were re- 
corded. These criteria were ease of cutting, tendency of 
the cut edge to fray, ease of suturing, and workability/ 
conformability. 


Through-wall (transinterstices) blood loss after clamp ` 


release was measured. The anastomoses were made im- 
pervious with wrap-around Teflon® pledgets held tightly 
in place by right-angle clamps. A sponge placed around 
the implant collected the blood; when bleeding subsided, 
it was removed and weighed. 

56-day healing assessment. Immediately after retrieval, 
the specimens were opened and photographed. The flow 
surface was evaluated under magnification and the per- 
centage of the total area that was free of thrombus was 
calculated as a thrombus-free surface (TFS) score. For 
selected prostheses, sections for scanning electron mi- 
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croscopy (SEM), transmission electron microscopy 
(TEM), and FVIII/vWF immunofluorescent staining were 
taken from the midsections. After special midsection 
samples had been taken, the grafts were stained with silver 
nitrate (0.3%) and the degree of cell coverage on the flow 
surface observed and scored on a percentage basis. 
Estimation of cellular healing in these grafts was per- 
formed in four ways: (1) Sections were taken for SEM 
and TEM studies of the midportions of the third, sixth, 
and seventh grafts of each of the seven groups; (2) adjacent 
midgraft sections from the same grafts studied by electron 
microscopy were taken and quickly frozen for FVID/vWF 
immunofluorescent staining; (3) silver nitrate staining was 


` then performed to assess the continuity of the cell coverage 


ofall 49 grafts, including those from which central sections 
had been taken for the studies in 1 and 2; and (4) proximal, 
middie, and distal sections of all 49 grafts were assessed 
for healing under light microscopy (LM). 

Sections for SEM were fixed in.3.0% glutaraldehyde in 
0.1 M sodium cacodylate solution, dehydrated through a 
graded ethanol series ethanol and dried at the critical point 
in a Bomar SP 900 bomb (Bomar Co., Tacoma, WA). 
Specimens were mounted on stubs and sputter coated 
with carbon and gold palladium. A Cambridge Stereoscan 
Mark II-A scanning electron microscope (Cambridge In- 
struments Ltd., Cambridge, England) was used to scan 
the specimens, and photographs were taken with Polaroid® 
Type 55 positive/negative film (Polaroid Corp., Cam- 
bridge, MA). Half-strength Karnovsky’s fixative (pH 7.2- 
7.4) was used to fix specimens for TEM. The specimens 
were then postfixed in osmium tetroxide (2%) for 2 hours, 
dehydrated through a graded ethanol series, and embed- 
ded in Epon for thin-sectioning. A JEOL 100S transmis- 
sion electron microscope (JEOL USA, Peabody, MA) was 
used to view the sections. Photos were taken on DuPont 
COS-7 film (Ted Pella, Inc., Tustin, CA). 

FVID/vWF immunofluorescent staining was conducted 
on selected specimens from nonperfused grafts and before 
silver nitrate staining. Frozen sections were mounted on 
glass slides coated with albumin and then permeated with 
acetone (—20 C) for 5 minutes. After rehydration in Dul- 
becco’s phosphate buffered saline (PBS, Grand Island Bi- 
ologic Co., Santa Clara, CA) (three 5 minute changes), 
excess PBS was drained from each slide. Silastic® rings 
were placed around each tissue section, which was overlaid 


- with 0.15 ml of rabbit antiserum (1:50) to human FVIII/ 


vWF antigen (Calbiochem, La Jolla, CA), or rabbit an- 
tiserum (1:50) to canine FVIII/vWF antigen (provided 
through a generous gift from Dr. Jeane Dobbs, Division 


- of Laboratories and Research, New York State Depart- 


ment of Health, Albany, NY) for 45 minutes. Specimens 


` were then rinsed in PBS (three 5 minute changes). There- 


after, excess PBS was. drained from the slides and each 
section was overlaid with 0.15 ml of affinity-purified goat 
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Fic. 5. Compliance vs. porosity. Note the inverse relationship of the 160 
and 180 and 200 and 220 prototypes. This relationship correlates with 
the greater bulk of the velouring part of the stitch in the 160 and 200 
prototypes. 


antiserum (1:100) to rabbit IgG (heavy- and light-chain 
specific) conjugated to fluorescein (Cappel Laboratories, 
Malvern, PA) for 45 minutes. After a final rinse in PBS 
(three 5 minute changes), the sections were air dried and 
mounted in 12% Gelvatol (viscosity 20:30; Monsanto, St. 
Louis, MO). Specimens were examined with a Nikon Op- 
tiphot photomicroscope (Nippon Kogaku (USA), Inc., 
Garden City, NY) equipped with a 500 W high pressure 
mercury vapor lamp and epifluorescent condenser. For 
fluorescein fluorescence, a selective interference filter 
(410-485 nm) was used in combination with a narrow 
band barrier filter (480 W). Specimens were photographed 
with Kodak Tri-X pan film (ASA 400) (Eastman Kodak, 
Rochester, NY). 

Sections for light microscopy were fixed in 10% for- 
malin, then embedded in glycol methacrylate resin before 
being stained with hematoxylin and eosin (H&E). The 
thicknesses of the neointima and the perigraft tissue cap- 
sule of LM sections were measured using an ocular mi- 
crometer. The neointimal and perigraft thicknesses were 
measured at their respective peaks of the crimps. 

The strength of the perigraft tissue adherence was also 
evaluated for each implant. This was determined using 
instrumental dissection of the formalin fixed specimens. 

The ANOVA test was used for all statistical evalua- 
tions.” 


Results 


Prostheses 


The wall thicknesses of the prostheses correlated with 
the bulk in the velouring part of the stitch. The 160, 200, 
240, and 280 prototypes with respective wall thicknesses 
of 0.87 um, 0.79 um, 0.78 um, and 0.84 um, which had 
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twice the bulk in the velouring part of their stitch was 
compared with the 140, 180, and 220 prototypes with 
respective wall thicknesses of 0.77 um, 0.73 um, and 0.71 
um (Table 1). 

Water porosity measurements showed that the bulk of 


the velouring part of the stitch directly influenced the wa---+- 


ter porosity of the prosthesis. The 160 (water porosity 
1042 ml/cm?/min) and 200 (water porosity 635 ml/cm?/ 
min) prototypes had twice the bulk in the velouring part 
of the stitch and consequently a lower initial water porosity 
than the 180 (water porosity 1311 ml/cm?/min) and 220 
(water porosity 770 ml/cm?/min) prototypes with respec- 
tively higher denier (Fig. 4). 

As the denier increased, the water porosity and com- 
pliance decreased in a linear fashion for all prototypes, 
with the exception of the 160 and 200 prototypes; these 
grafts had twice the bulk in the velouring part of the stitch 
as compared to the 180 and 220 respectively higher denier 
prototypes (Fig. 5). 


Grafi Assessment 


Perioperative assessment. The greater the outer-wall 
filamentousness, the greater the preclotting efficiency and 
the lower the water porosity. This appears to explain why 
the 160 prototype with twice the bulk in the velouring 
part of its stitch had both lower water porosities and higher 
preclotting efficiency scores than the 180 prototype (Table 
1, Figs. 4 and 6). 
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Fic. 6. The 160 prototype, indicated by the arrow, had an optimal blend 
of preclotting efficiency, surgical handling characteristics and healing. 
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TABLE 2. Graft Performance 





























Prototype 
140 160 200 220 240 280 

(a) Transinterstices blood 

loss (cc) 79+ 4.9* 6442.5 79 +35 68+24 66+ 3.0 5.3422 5.3422 
(b) Thrombus-free surface 

score 93.0 + 10.1 99.2 + 1.6 94.0 + 9.9 97.9 + 3.3 93.9 + 15.0 95.0 + 8.1 93.2476 
(c) Cell coverage 97.74 41 100 95.7 + 8.5 99.0 + 2.7 94.1 + 15.0 950 + 8.1 96.2 + 7.2 
(d) Perigraft tissue 

adherencet 2.5 3 3 2 2 2 








* Average means of percentages; + = standard deviations. 
+ Perigraft tissue adherence: 0 = no attachment; | = slight attachment; 


Desirable surgical handling characteristics decreased as 
the denier increased. However, there was no significant 
difference between the 160 prototype and the 140 clinical 
Bionit prosthesis. For prototypes 180, 200, 220, 240, and 
280, there was a progressive deterioration in all surgical- 
handling criteria as the denier increased. This progression 
culminated with the extremely stiff 280 prototype, which 
was very difficult to suture: needles often bent under the 
force necessary to penetrate the wall (Fig. 6). 

Transinterstices blood loss was minimal for all grafts, 
and there was no significant difference among them. All 
prostheses oozed minute amounts of blood immediately 
after clamp release. This oozing soon stopped, and within 
a few minutes the red color of the external wall began to 
turn white. The external surface remained moist because 
of the slow transudation of minute amounts of clear fluid 
through the prosthetic wall (Table 2a). 

56-day healing assessment. One small perigraft he- 
matoma was observed, in a control prosthesis. Two small 
kidney infarctions were seen, presumably due to distal 
embolization from the graft surface. One occurred in a 
subject with the 200 prototype and the other in a subject 
with the 280 prototype. 

Routine flow-surface studies. In general, the flow sur- 
faces of the freshly retrieved, nonfixed, nonstained spec- 
imens were whitish in color and smooth and glistening 
in appearance (Fig. 7). 

Thrombus-free surface (TFS). There was no statistically 
significant difference at p < 0.05 between the prostheses 
investigated in the amount of thrombus deposition; 
therefore, a thicker-walled, less porous construction was 
not associated with an increased thrombus deposition 
(Table 2b). 

Cell coverage assessment by silver nitrate staining. Sil- 
ver nitrate staining (0.3%) delineated the cell borders of 
polygonal endothelial-like cells covering most of the flow 
surface of all the prostheses investigated. No statistical 
differences at p < 0.05 were observed between the extent 
of cell coverage on the flow surface of the clinical Bionit 
and the six prototypes. Cell coverage ranged from 94.1% 


2 = moderate attachment; 3 = strong attachment. 


for the 220 prototype to 100% for the 160 prototype (Ta- 
ble 2c). 

Thrombus deposition occurring in the valley of the graft 
crimps was covered by endothelial-like cells, but thrombus 
that was raised above the crimp peaks had cell coverage 
only on the sides. The elevated, noncovered surface con- 
sisted of exposed thrombus with fibrin, platelets, and 
polymorphonuclear leucocytes. 





Fics. 7A and B. A. Macroscopic photograph of a 160 prototype im- 
mediately after retrieval at 56 days, showing smooth, glistening surface 
free of thrombus. B. Midsection of the specimen in A showing full-wall 
healing. LM, X110. 
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Fic. 8. Midsection of a 160 prototype at 56 days, showing morphology 
consistent with endothelial cells. SEM: X 1000. 


Special flow surface studies. SEM samples taken from 
the midsection of the prostheses revealed polygonal cells 
with contiguous intercellular borders. Microvilli were seen 
aggregated around the nuclear bulge. No platelets were 
observed adhering to these cells (Fig. 8). 

TEM revealed cells with endothelial morphology ori- 
ented along the flow surface with complex interdigitating 
cell junctions. The flat luminal surfaces had a few small 
cell processes or folds (Fig. 9). 

Rabbit antiserum (1:50) to human FVIII/vWF antigen 
and rabbit antiserum to canine FVIII/vWF antigen both 
gave the same results. This staining technique yielded 
positive granular fluorescence for all the flow-surfaces 
(midsections) evaluated (Fig. 10). 





Fic. 9. Midsection of a 160 prototype at 56 days, showing endothelial- 
like cells with complex interdigitating cell junctions. Enlargement of the 
complex interdigitating cell junction is shown. TEM: X6000. 
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Fic. 10. FVIH/vWF immunofluorescent staining of midsection of a 160 
prototype at 56 days. Positive FVIII/vWF staining indicates the endo- 
thelial origin of the lining cells. LM: x200. 


Taken together, the silver nitrate staining, SEM, TEM, 
and FVIII/vWF immunofluorescent staining results lead 
us to conclude that the cells lining the flow-surface of all 
grafts in this study were of endothelial origin. 

Graft-wall histology. Full-wall transinterstices healing 
was observed throughout all grafts, even those with stiff, 
low-porosity walls, The flow surface was covered by a thin 
monolayer of endothelial cells that was continuous with 
the endothelial monolayer lining the host aorta. There 
was a tendency toward a thinner neointima as the denier 
increased (Table 3, Fig. 7). 

Perigraft tissue adherence. The perigraft tissues were 
well attached to the outer, externally veloured wall of all 
the prostheses. However, the higher denier prototypes 
showed a modest decrease in the strength of their attach- 
ment as compared to those of lower denier (Table 2d). 


Discussion 


In an effort to facilitate through-wall healing, Weso- 
lowski et al. advocated porosities for weft-knit prostheses 
in the range of 5000 to 10,000 ml/em?/min."!! 

Our studies have shown that rapid through-wall healing 
takes place in warp-knit, externally veloured Dacron ar- 
terial prostheses over the entire porosity range of 286 to 
2036 ml/cm?/min in the canine descending thoracic aorta 
at 56 days. Other investigators have also shown that lower 
porosities will permit through-wall healing in experimental 
animals, '*'>7!.2425 We have recently reported that secure 


TABLE 3. Neointimal and Perigraft Tissue Thickness 





Distal 
Anastomosis 


Proximal 
Anastomosis 


Midgraft 
Section 





Prototype Neo* Perit Neo* Perit Neo* Perit 





140 76.5 291.3 76.2 461.2 594 284.5 
160 48.4 2424 48.) 3374 47.4 264.1 
180 458 495.7 62.0 148.9 42.7 162.4 
200 50.4 177.0 48.0 245.8 43.3 167.1 
220 51.4 2996 S75 343.0 45.2 3173 
240 45.5 230.6 59.0 131.8 38.2 162.5 
280 46.9 597 41.3 4469 41.3 59.5 





* Neointimal thickness in microns. 
+ Perigraft tissue thickness in microns. 
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healing of porous Dacron grafts in man also occurs within 
2 months but is limited to fibrous tissue infiltration of the 
outer wall.” The matrix filling the inner portion of the 
fabric wall and forming the flow surface continues to be 
composed of compacted, cross-linked, passivated fibrin 
even after many years of implantation. 

We observed a tendency toward a thinner neointima 
as the denier of the prosthesis was increased, concomi- 
tantly lowering the compliance and porosity of the 
prostheses. Cengiz et al. also reported that decreased 
compliance yielded a thinner neointima than the more 
compliant control prostheses.”! 

An increased amount of yarn in the 160 prototype did 
not impair the surgical handling characteristics of the 
warp-knit prosthesis to any appreciable degree as com- 
pared to the clinical Bionit prosthesis. However, there were 
subtle but definite changes in the conformability of the 
180 prototype that were undesirable. Prototypes above 
this level had handling characteristics that became pro- 
gressively more unacceptable, even though the healing 
remained satisfactory. Thus, the factor limiting further 
decrease of porosity with this type of prosthesis is not 
healing but rather the surgeons’s ability to use the pros- 
thesis conveniently. 

The major benefit of outer-wall filamentousness is im- 
proved preclotting efficiency and healing. Preclotting ef- 
ficiency is enhanced by decrease of total-wall water po- 
rosity and increase of total-wall filamentousness. The 160 
prototype allowed for a consistent, simplified three-step 
preclot and excellent healing. In a previous report, we 
have shown that a filamentous inner wall has a deleterious 
influence on the healing and patency of small-caliber 
grafts, in contrast to the positive influence of a filamentous 
outer wall.” Additionally, in the canine descending tho- 
racic aorta, inner-wall healing was complete at 56 days 
with both a filamentous and nonfilamentous inner surface. 
However, the internal-velour graft developed an inner- 
wall tissue layer three times thicker than the externally 
veloured graft. For this reason we believe that the fila- 
mentous structure should be confined to the outer wall. 

The findings of this study suggest that the desirable 
warp-knit graft characteristics of high preclotting effi- 
ciency, excellent surgical handling characteristics, and 
rapid healing can be achieved with appropriate design 
features (Fig. 6). 
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A modified technique of profunda femoris artery reconstruction 
is presented. In case of occlusion of the superficial femoral artery, 
the proximal segment of this vessel is rolled over the profunda 
femoris artery as a patch after an endarterectomy has been per- 
formed. This technique has been performed in 110 patients (131 
limbs) during the last 14 years. Five-year actuarial patency rate 
(life-table method) was 65.3%. With measurements obtained 
from nine biplanar angiograms, glass models of three different 
methods of profunda femoris reconstruction were constructed. 
The model representing this modified technique of profundaplasty 
showed less turbulence than the others. The results of this study 
validate the use of this type of profundaplasty in clinical practice. 


Tè ROLE of the profunda femoris artery (PFA) in 

providing an alternative blood supply to ischemic 
legs with occlusion of the superficial femoral ar- 
tery (SFA) has been previously emphasized.'~? In 1961, 
Leeds and Gilfillan’ and Morris and collaborators’ stressed 
the importance of the PFA as outflow of an aortofemoral 
reconstruction in patients with occluded SFA. Dos Santos 
is quoted as the first® to perform a thromboendarterec- 
tomy of the common and profunda femoris artery, closing 
the arteriotomy with a venous patch. However, it was 
Martin and colleagues’ who described the technique in 
detail and conclusively determined its usefulness. Since 
these reports, PFA reconstruction has been routinely per- 
formed. Several methods of repair of the PFA have been 
described,*'? and the choice of any particular technique 
has been based on personal preference, theoretical as- 
sumptions, or particular anatomic situations. 

Open endarterectomy of the PFA and closure of the 
arteriotomy using as a patch a segment of the saphenous 
vein or a segment of the endarterectomized SFA is ac- 
cepted as the optimal procedure.’ 
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Since 1971, in our center, in case of occlusion of the 
SFA at its origin, a modified profundaplasty utilizing a 
segment of the SFA has been performed. This technique 
has been previously described by Weibel'* and sporadi- 
cally reported by other authors,''!> but no such series 
appear to have been reported in detail. The purpose of 
this study was to evaluate the hemodynamic effectiveness 
and clinical results of this method of repair of the PFA. 


Operative Technique 


It is similar to the technique described by Weibel.'* 
Following a long vertical incision, all superficial lym- 
phatics are ligated. The deep femoral artery is identified. 
Dissection is kept close to the artery to minimize injury 
to the branches of the femoral nerve. The lateral femoral 
circumflex vein is divided. Dissection is continued until 
a segment free of gross disease is encountered. An arte- 
niotomy is begun on the anterior-medial surface of the 
common femoral artery and continued down the PFA to 
a point beyond the severe disease (Fig. 1A). The endar- 
terectomy is started from beyond and extends into the 
common femoral artery. Every effort should be made to 
restore blood flow to the branches of the profunda. The 
occluded SFA is then transected an appropriate length 
from its origin necessary to patch the PFA. A vertical 
arteriotomy is made on the anterior-medial wall of this 
segment of SFA and endarterectomy of the vessel is per- 
formed (Fig. 1B). By this procedure, an autogenous flap 
is obtained that will be rolled over the PFA (Fig. 1C). 
When proximal reconstruction is combined with profun- 


daplasty, we prefer to complete the autogenous patch clo- | 


sure of the PFA first (Fig. 1D). 
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Fics. 1A-D. Schematic drawing of the technique for profunda repair 
(see text). ; 


Clinical Material and Methods 


Since May 1971, this technique of profunda recon- 
struction has been performed in 110 patients. The pro- 
cedure was bilateral in 21 patients (131 limbs). It repre- 
sents 58% of all the reconstructions of the PFA performed 
during the same period by the authors (226 in 193 pa- 
tients). This type of profunda repair was usually preferred 
when occlusion of the SFA at its origin was combined 
with severe disease of the PFA. 

When the SFA was patent, autologous vein was gen- 
erally used as patch material. If the lesion involved only 
the orifice of the PFA, it was removed by endarterectomy 
or, in case of associated inflow procedure, widened by 
fashioning the bevel of the aorta-femoral graft into a 


` tongue and using this as patch angioplasty. Ninety-one 


l TABLE 1. Patient Profile 


Smoking 100/110 (91)* 
Diabetes 38/110 (35) 
Arterial hypertension 68/110 (62) 
Obesity 20/110 (18) 
Coronary artery disease 76/110 (69) 
History of cerebrovascular disease 21/110 (19) 
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TABLE 2. Indications for Profundaplasty 
Indications PA — PI Total 
Claudication 9 33 42 
Rest pain 7 43 50 
Necorsis 0 39 39 
Total 16 115 131 





men and 19 women are included in the study. Age ranged 
from 45 to 80 years (mean: 65). Thirty-eight patients were 
diabetic, and in six the reconstruction was bilateral. As- 
sociated diseases were common (Table 1). The procedures 
were defined as profundaplasty alone (PA) or profunda- 
plasty associated with an inflow procedure (PI). The PI 
group comprised patients who underwent profundaplasty 
combined with aorto-femoral, iliaco-femoral, femoro- 
femoral, or axillary-femoral bypass graft as well as with 
thrombectomy of an occluded aorto-femoral graft. Indi- 
cation for vascular reconstruction was severe claudication 
in 42 cases (32%), rest pain in 50 (38%), and necrosis in 
39 (30%) (Table 2). The profundaplasty was defined as 
standard if the reconstruction ended before the first per- 
forant branch and extended if it ended beyond the first 
perforant branch (Table 3). The angiographically deter- 
mined popliteal-tibial outflow was graded according to 
the following criteria (1) good: patent popliteal artery with 
two or three tibial vessels runoff, (2) fair: patent popliteal 
artery with one tibial vessel runoff, (3) poor: occlusion or 
severe (stenosis > 75%) of the popliteal artery. Popliteal- 
tibial run-off was graded as good in 37 limbs, fair in 48, 
and poor in 25. Angiograms were not performed or were 
inadequate for classification in 21 limbs. 

Follow-up, complete for all but eight patients (10 limbs) 
ranged from 3 to 120 months (mean: 39). Failure of the 
reconstruction was determined if the femoral pulse dis- 
appeared, if the vessel was angiographically demonstrated 
to be occluded, or if pseudoaneurysm and/or infection 
was evident. Profundaplasty, performed for relief of 
symptoms of claudication, was considered as a ‘‘func- 
tional” success if the walking distance increased and ankle 
brachial pressure index was at least greater by 0.15 than 
before surgery. When profundaplasty was performed for 
limb salvage, “functional” success was determined if rest 
pain disappeared and/or necrotic lesions healed with or 


TABLE 3. Length of Profundaplasty 


PA PI Total 
Standard 13 76 89 
Extended 3 39 42 
Total 16 115 131 
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Fics. 2A-C. Schematic drawing of profundaplasty using as patch a seg- 
ment of saphenous vein in which the superficial femoral artery was oc- 
cluded at its ‘origin (A). Glass model (B). Representation of stream- 
lines (C). 


without minor amputation. If, despite the patency of the 
reconstruction, a distal bypass or a major amputation was ™= 
needed, the reconstruction was considered a “functional” 
failure. 

Life-table method! was used to analyze patency, func- 
tional success, and limb salvage rate. Statistical compar- 
isons were obtained by log rank test.'” 


In-Vitro Study 


Postoperative angiograms of nine patients who under- 
went profundaplasty were selected for the study. In all 
instances, the SFA was occluded at its origin. In six cases, 
a “classic” profundaplasty, using as patch a segment of 
autogenous vein, was previously performed (Figs. 2A, 3A); 
the other three patients underwent modified profunda- 
plasty, rolling the endarterectomized SFA over the PFA 
(Fig. 4A). Using measurements obtained from the nine 
biplanar angiograms, three glass models of PFA recon- 
structions were constructed. Model dimensions were 
scaled from the angiograms. The models 2 and 3 had a 
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Fics. 3A-C. Schematic drawing of profundaplasty using as patch a seg- 
ment of saphenous vein (4). The superficial femoral artery is occluded 
2 cm from its origin. Glass model (B). Schematic representation of the 
distribution of streamlines (C). 
wll bifurcation angle of 45°. The mean bifurcation angle 
measured during surgery after performing a “classic” pro- 
fundaplasty was 47°. The glass models were incorporated 
into a steady flow circuit. The blood analog fluid used 
was a glycerol solution (36% by volume in distilled water) 
whose viscosity at a temperature of 27 C is similar to that 
of human blood.'® Studies were performed at mean 
Reynolds numbers of 400 and 1000 to simulate a he- 
modynamic status likely to exist during diastolic and sys- 
tolic flow, respectively. Pressure and flow-rate in the model 
were monitored and maintained constant for each set of 
the experiment. Streamlines within the core flow were 
visualized by upstream dye injection. A 22-gauge needle 
was bent at 90° and inserted into the center of the inlet 
tubing at a distance of 35 cm from the bifurcation. The 
cross-sectional area of the tube disturbed by the presence 
7 of the needle was less than 1%. Dye injection was main- 
tained constant during the experiment (0.1 cc/1 sec). 
Qualitative flow visualization study was performed by 
recording dye patterns by a 35 mm SLR camera driven . 
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Fics. 4A-C. Schematic representation of profundaplasty in which the 
endarterectomized segment of superficial femoral artery is rolled over 
the profunda (A). Glass model (B). Representation of streamlines (C). 


by a motor drive at 3 frames/sec. Dye patterns were de- 
scribed on the basis of visual examination and photog- 
raphy of the models. 


Results 
Early Complications 


In-hospital mortality was 4.5% (5 patients). Causes of 
death were myocardial infarct in three cases and pul- 
monary embolism and stroke in the other two patients. 
Nonfatal major complications occurred in eight patients 
(7.3%) (myocardial infarct in 2 cases, pneumonia 2, renal 
failure 1, bowel obstruction 1, hemorrhagic gastritis 1, 
transient ischemic attack 1). 

Eight reconstructions occluded within 30 days from 
the operation. Subsequently, five patients underwent 
above-knee amputation; in the other three, after disoblit- 
eration of the reconstruction, a femoro-popliteal bypass 
graft was inserted with long-term success. 

Wound complications occurred in 12 limbs (9.2%) (6 
superficial necrosis, 4 lymphocele, 2 hematoma). 


e 
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TABLE 4. Overall Patency Rate 
Withdrawn from Follow-up 
Number of a a e aa aa Interval Interval Actuarial Standard 
Interval Recọnstructions Number of Failed End Failure Rate Patency Rate Patency Rate Error 
(Years) at Risk Reconstructions Deaths Follow-up Lost (%) (%) (%) (%) 
0-1 125 18 5 4 1 15.0 85.0 85.0 3.3 
1-2 97 10 8 5 3 11.2 88.8 75.5 4.0 
2-3 Ti 5 5 4 3 Fa 92.3 69.7 4.5 
3—4 54 2 3 3 2 4.0 96.0 66.9 47 
4-5 44 1 3 4 0 2.4 97.6 65.3 4.9 
5-6 36 1 8 8 0 3.6 96.4 62.9 5.2 
6-7 19 1 6 3 1 TA 92.9 58.4 6.5 
7-8 8 0 2 3 0 0 100 58.4 6.5 
8-9 3 0 0 I 0 0 100 58.4 6.5 
9-10 2 0 0 2 0 0 100 58.4 6.5 
Patency Functional Result and Limb Salvage (Figs. 8 and 9) 


Overall 5-year actuarial patency was 65.3% (Table 4). 
Fifteen reconstructions in the PA group and 110 in the 
PI group were available for long-term analysis. Log rank 
test applied to the results showed a statistically significant 
difference hetween these two groups (p < 0.01). When 
the profundaplasty was associated with an inflow proce- 
dure, the 4-year patency rate was 69.8%, whereas in the 
PA group it was 34.6% (Fig. 5). 

Reconstructions performed to relieve claudication re- 
sulted in a better patency rate than those performed in 
case of rest pain and/or necrosis (Fig. 6). However, this 
difference was not statistically significant (p > 0.05). 

The length of the reconstruction had no prognostic sig- 
nificance. Five-year patency rate for standard and ex- 
tended profundaplasty was 67.7% and 58.9%, respectively, 
Diabetes presented as a major risk factor. In patients 
without diabetes, profundaplasty resulted in a patency rate 
of 73.5% at 5 years, whereas in diabetic patients a 5-year 
patency rate of 32.3% was obtained (p < 0.05) (Fig. 7). 


% ACTUARIAL PATENCY 





TIME (YEARS) 


Fic. 5. Actuarial patency rate (life-table method) in case of profundaplasty 
alone (PA) or profundaplasty combined with an inflow procedure (PI). 


The patency of the reconstruction does not necessarily 
mean “functional” success. In the claudication group, 5- 
year functional success rate was 54%. Similarly, in the 
limb-salvage group, functional success rate was 44.5%. 
Including reoperations or femoro-distal bypass performed . 
to increase distal perfusion, overall limb-salvage was 56% 
at 5 years. 


Anastomotic Aneurysm 


During the follow-up study, four cases of anastomotic 
aneurysm occurred (3.2%; 4/125). In one case, the aneu- 
rysmatic process involved the common femoral artery. 
Disruption of the suture and infection were the causes of 
failure in two other cases. Only in one patient, anastomotic 
aneurysm was proved to involve the autologous patch. 
To obtain a comparison group, 50 patients who previously 
underwent aorto-femoral bypass in which the Dacron® 
graft (89 limbs) was anastomosed at the level of the com- 





e-e Claudboation 
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Fic. 6. Actuarial patency rate (life-table method) for reconstructions 
performed for relief of claudication and limb salvage (rest pain and/or 
necrosis). 
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Fic. 7. Actuarial patency rate (life-table method) for reconstructions 
performed in diabetic and non-diabetic patients. 


mon femoral artery without performing endarterectomy 
were randomly selected from our series. Mean follow-up 
was 33 months. The incidence of femoral anastomotic 
aneurysm was 3.4% (3/89), similar to that of the profun- 
daplasty group. 


Flow Visualization Study 


Figure 2 shows a typical flow visualization picture at a 
Reynolds number of 1000 in a glass model of a “classic” 
profundaplasty in which the SFA is occluded at its origin. 
High wall shear exists at the level of the origin of the SFA. 
The streamlines-move from the site correspondent to the 
origin of the SFA toward the center of the common fem- 
oral artery, following an arcing motion, prior to exiting 
into the PFA. They create an area of boundary layer sep- 
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Fic. 8. Reconstructions performed to relieve symptoms of claudication: 
actuarial patency rate (upper line) and functional success rate s (lower 
line). 
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FIG. 9. Reconstructions performed for limb salvage. The upper line de- 
scribes the actuarial patency rate. The lower line describes the functional 
success rate, considering as end-point occlusion of the reconstruction, 
amputation, and need for distal bypass. Including reoperations or femoro- 
distal bypass, a limb salvaze rate of 56% was obtained at 5 years (center 
line). : i 





aration at the level of the origin of the PFA when they 
cross the streamlines moving from above. After dye in- 
jection is terminated, dye remains visible in the turbulence 
region for 1-2 seconds, At a Reynolds number of 400, a 
similar picture is evident. = ` 

Figure 3 shows flow visualization at a Reynolds number 
of 1000 in the glass model simulating a “classic” profun- 
daplasty in which the SFA is occluded 2 cm from its origin. 

A region of boundary layer separation is in evidence at 
the origin of the PFA. Upstream fluid enters boundary 
layer separation by two sources: (1) entering the separation 


` zone directly from above; and (2) entering the separation 


zone in a retrograde fashion (the dye follows an arc-shaped 
path surrounding the area of bifurcation H, between SPA 
and PFA, and then roves into the separation zone). After 


dye injection is terminated, dye remains visible in the . 


boundary layer sepazation for 1-2 seconds. A similar phe- 
nomenon is seen at a Reynolds number of 400. 

Figure 4 shows the glass model simulating a “modified” 
profundaplasty. Areas of boundary layer separations are 
not evident either at the 1000 or 400 Reynolds numbers. 


Discussion 
In occlusion of the SFA, the PFA forms an effective 


collateral bed between the ileo-femoral segment and the 
popliteal artery and its branches. Atherosclerosis is a gen- 


eralized disorder, and PFA is more frequently involved . 


by the atherosclerotic disease than has been traditionally 
taught. Martin and collaborators’? found lesions of the 
PFA in about 50% of the ischemic limbs studies. Beals et 
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al.” showed that in all patients undergoing arteriography 
for ischemic symptoms, 59% had stenosis of this vessel. 
Fortunately, in the majority of the cases, the occlusive 
disease is localized to the more proximal segment of the 
profunda. The importance of a proper identification and 


~ treatment of PFA lesions has been previously empha- 


sized.?! Profunda involvement plays a major role in aorto- 
femoral durability; Malone et al.” found that it was the 
most frequent cause of aorto-femoral graft occlusion. 
Thrombectomy and PFA repair were successful in 
achieving patency in 68 out of 71 cases in which reop- 
eration was attempted. Isolated profundaplasty recently 
has been questioned as the sole means of revascularization 
of ischemic limbs,” namely in the presence of necrotic 
lesions. Our experience supports the opinion that isolated 
profundaplasty results in a lower patency rate than pro- 
fundaplasty associated with an inflow procedure. Femoro- 
popliteal bypass seems a more logical choice. However, 
isolated profundaplasty maintains its significance in par- 
ticular circumstances. 

Patients with symptoms of claudication, poor popliteal 
outflow, or poor quality saphenous vein (where the 
chances of success of a femoro-distal bypass graft seem 
reduced), and with radiographically proved PFA stenosis”* 
may still represent optimal candidates for isolated pro- 
funda repair. 

Previous reports have shown that profundaplasty suc- 
cess is influenced by operative indication, length of pro- 
fundaplasty, and the presence of diabetes.” In our se- 
ries, reconstructions performed for claudication resulted 
in a better patency rate, even if a statistical significance 
was not achieved. Similarly, patency rate for extended 
profundoplasty was somewhat less than in the case of 
standard length reconstruction. This difference was not 
statistically significant. In our experience, diabetes was 
confirmed to be an important risk factor. This is probably 
due to a more severe atherosclerotic involvement of the 
PFA in diabetic patients.” 

Autogenous tissue is commonly preferred when patch 
angioplasty of the PFA is performed. Synthetic materials 
have been shown to result in reduced long-term patency 
and are more prone to developing complications.?!* Au- 
togenous vein is considered the material of choice. Several 
authors?” have recently reported that a segment of the 
endarterectomized SFA can be used with similar results. 
Rollins et al., in a retrospective study, reported that long- 
term patency for profunda repair with autogenous vein 
patch was similar to long-term patency when endarter- 
ectomized SFA was used. Endarterectomized SFA is a 
valid choice as patch material. It has the advantage of 
being frequently available for use and easily prepared. In 
” addition, ligation of large venous collaterals in the upper 
thigh is avoided and the saphenous vein is preserved for 
possible further use as a distal arterial bypass graft. 
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The technique of rolling the SFA over the PFA has 
been used under the theoretical assumption that it is a 
more hemodynamically valid repair than classic profun- 
daplasty. In our review, we did not compare the results 
of this series with those obtained when autogenous vein 
patch was used, because of the heterogeneity of the two 
series. 

However, the results of this series compare favorably 
with those reported by other authors using as patch the 
autologous vein or the SFA in a traditional way.?7''? Our 
in-vitro study suggests that this type of reconstruction of- 
fers a more hemodynamically valid solution for PFA re- 
pair. 

The in-vitro models are not perfect representations of 
the human heart and femoral vessels but are reasonably 
analogous. The rigidity of the model does not take into 
account the elasticity of the arterial wail, but this should 
not influence greatly the fluid mechanics examined in the 
study. We did not use a pulsatile system for technical 
reasons. But, again, this should not change the major as- 
pects of the study, considering that the studies were per- 
formed in the same experimental conditions for the three 
glass models. Taking into acccount the limitations of our 
in-vitro study, as well as the lack of a valid term of com- 
parison, we cannot assert that this technique offers effec- 
tive advantages. However, the hypothesis of a better he- 
modynamic configuration and the satisfactory long-term 
results can validate its use in clinical practice. 
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Monoclonal Antibody B72.3 as a Diagnostic 
Adjunct in Fine Needle Aspirates of Breast Masses 





JOEL LUNDY, M.D.* MARY LOZOWSKI, M.A.t 


Fine needle aspirations of breast masses were evaluated to es- 
tablish a cytologic diagnosis. In 45 cases, the sensitivity was 
73%, specificity 100%, and diagnostic accuracy 84%. Fifty cases 
(27 malignant and 23’ benign) were evaluated by immunoper- 
oxidase staining of the needle aspirates, using the monoclonal 
antibody B72.3. Twenty-six of 27 malignant cases stained pos- 


itively, and 22 of 23 benign cases were negative. The sensitivity 
was 96%, specificity was 96%, and diagnostic accuracy was 96%. - 


All cases considered malignant cytologically were confirmed by 
immunocytochemistry. In addition, the B72.3 monoclonal anti- 
body appears to be a valuable diagnostic adjunct in atypical and 
suspicious cases, particularly those in which hypocellularity and/ 
or cellular monomorphism preclode a diagnosis of malignancy 
by routine cytologic examination. 


HYSICAL EXAMINATION and mammography are 

the commonly employed approaches in the pre- 

` operative assessment of breast masses. The 
diagnostic accuracy of these methods ranges from 55 


` to 90%.' In recent years, enthusiasm has increased for 


fine needle aspiration cytology as a diagnostic modality. 
Fisher has recently advocated use of fine needle aspiration, 
when possible, to establish the diagnosis of breast cancer, 
since this could make two-stage procedures (open biopsy 
and later definitive operation) unnecessary. However, the 


` sensitivity and diagnostic accuracy of fine needle aspira- 


tion’ varies considerably, and, even in the most skilled 


Fe hands, a sensitivity of 85 to 90% at best is seen.”° Diag- 


nostic accuracy varies from 80 to 95% in several series. 
We used an immunocytochemical approach employing 


monoclonal specie! alee B72.3 to stain fine needle 
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aspirates cf breast masses. Our purpose was to determine 
if immunocytochemistry could confirm all cytologic pos- 
itive diagnoses as well as increase the sensitivity of the 
cytologic diagnosis. Immunocytochemistry increased di- 
agnostic accuracy by over 10%. 


Materials and Methods 
Specimen Collection 


All aspirates were obtained from freshly excised surgical 
specimens in an effort to decrease the number of unsat- 
isfactory smears. A 22-gauge needle, attached to a 20 cc 
syringe, was inserted into the specimen in several direc- 
tions while aspirating. The material so obtained was im- 
mediately smeared onto slides. The slides were rapidly 
placed into 10% neutral buffered formalin (to avoid air 
drying) and removed 1 hour later. An attempt was made 
to obtain at least six slides from each case. Two slides 
were stained by Papanicolaou technique for E ario oen in- 
terpretation. 


Monoclonal Antibodies and Staining Technique 


A modified ABC immunoperoxidase technique, de- 
scribed in detail in previous publications, was used to stain 
the fixed smears.!° Monoclonal antibody B72.3, obtained 
by standard hybridoma technology, is directed against a 
membrane protein of human breast cancer.'’ MAb B72.3 
was used at a concentration of 12 wg/200 ul and an ir- 
relevant IgG, isotype identical antibody, MOPC-21, was 
used as a negative control at the same concentration. Se- 
lected fixed tissue sections were also stained with MAb 
B72.3 in a similar fashion. In-all cases, the histologic sec- 
tions of the surgical biopsy specimen were reviewed in 
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Fics. 1A and B. MAb B72.3 staining of breast aspirates. A. Infiltrating duct carcinoma showing intense cytoplasmic staining (<400). B, opposite. 


Cellular fibroadenoma demonstrating absence of reactivity to B72.3 (x400). 


Interpretation of Data 


Cytology. The diagnosis was categorized as either neg- 
ative, atypical, suspicious, or malignant, using well-defined 
criteria.'* For diagnostic and statistical purposes, all atyp- 
ical and suspicious specimens were classified as negative. 


TABLE |. Histologic Diagnoses of Cases Evaluated 
by Immunocytochemistry 





infiltrating duct cancer, NOS 2 
infiltrating duct carcinoma with tubular component 

Papillary carcinoma 

Colloid carcinoma 

Intraductal carcinoma with micro invasion 

Metastatic follicular carcinoma of thyroid 


me NO a pa ars 


Benign breast 
Fibroadenoma 
Fibrocystic disease 
Cytosarcoma phylloides 
Cynecomastia 

Juvenile papillomatosis 


HNN WO 


Total number of cases 50 





Immunoperoxidase staining. Rigid scoring criteria were 
used to establish positive cases. Only staining of strong 
(3+) or moderate (2+) intensity was considered positive. 
Weak staining (1+) or absence of stain was considered 
negative. 


Results 


Table | lists the final histologic diagnosis of the 50 cases 
evaluated with MAb B72.3. Infiltrating duct carcinoma 
was the predominant malignant diagnosis. A single case 
of metastatic adenocarcinoma to the breast (from a pri- 
mary thyroid tumor) was included in the study. Fibroad- 
enoma and fibrocystic disease were the predominant be- 
nign lesions. 

Of the 26 malignant cases evaluated by cytology, 19 
were considered positive, three suspicious, one atypical, 
and three benign (sensitivity 73%), as noted in Table 2. 
Of the 27 malignant cases in which the ABC immuno- 
peroxidase technique was used, 26 of 27 showed positive 
reactivity to MAb B72.3 (sensitivity 96%). Figure 1 is rep- 
resentative of this technique. In comparing 10 fixed tissue 
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sections with cytologic material for intensity of staining, 
concordance was observed in nine of 10 cases. In addition, 
a heterogeneity of staining was noted on both fixed tissue 
sections and cytologic preparations. Fixed tissues and as- 
pirates demonstrated predominantly cytoplasmic staining. 
The only nonreactive aspirate was also considered benign 
by cytology. This probably represented a sampling error 
in aspirating a small intraductal carcinoma. Of the three 
cases considered suspicious cytologically, all stained pos- 
itively with MAb B72.3, and all were confirmed histolog- 
ically as malignant. The use of MAb B72.3 resulted in a 
correct diagnosis of two cases classified as atypical: one 
staining positively (confirmed malignant) and one nega- 
tively (confirmed benign). 

Nineteen benign cases were correctly assessed by cy- 
tology (specificity 100%). Twenty-three benign cases were 
evaluated by immunocytochemistry, and 22 were nega- 
tive. The one positive case was a fibroadenoma in which 
a single cluster of cells stained 2+ (specificity 96%). Nine 
other fibroadenomas tested were negative. Occasional 
apocrine cells were noted to stain weakly in some speci- 
mens. The overall diagnostic accuracy of cytology was 
84% and of immunocytochemistry was 96%. 


Fics. 1A and 1B. (Continued) 


Discussion 


Our data indicate that immunocytochemistry using 
monoclonal antibody B72.3 is a valuable adjunct in cy- 
tologic diagnosis. It functions as a confirmatory test for a 
cytologic diagnosis of malignancy and is very useful in 
cases that demonstrate hypocellularity and cellular 
monomorphism, well recognized pitfalls in false-negative 
diagnoses. The diagnostic accuracy of immunocyto- 
chemistry in this study is clearly superior to physical ex- 
amination, mammography, and the majority of reported 
series of fine needle aspiration cytology. 


TABLE 2. Comparison of Cytology versus Monoclonal Antibody 








Diagnostic 

Sensitivity * Specificity t Accuracy ¢ 

Cytology 73% (19/26) 100% (19/91) 84% (38/45) 
MAb 96% (26/27) 96% (22/23) 96% (48/50) 








* Sensitivity = ratio of true positives to all masses diagnosed as car- 
cinoma. 

+ Specificity = ratio of true negatives to all masses diagnosed as benign. 

¢ Diagrostic accuracy = total of true positives plus true negatives di- 
vided by the total number of breast masses sampled. 
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Although fine needle aspiration cytology is being pur- 
sued enthusiastically, its role as a diagnostic modality has 
not been fully defined. It certainly cannot be used as a 
screening tool and is not intended to replace good clinical 
judgment. Hajdu emphasizes that only positive findings 
are of value.'? He makes the point as well that infiltrating 
lobular and scirrhous carcinomas (frequently associated 
with hypocellularity on aspiration) are difficult to diagnose 
by aspiration cytology. Kline’s extensive experience with 
aspiration cytology of the breast indicates that in out- 
standing hands at least 10% of breast cancers are not di- 
agnosed by this technique. In addition, she describes sev- 
eral benign lesions that can masquerade as malignancy 
and could potentially result in a false-positive diagnosis. 
The ideal false-positive rate of zero may not by possible 
to achieve in practical terms. 

We chose monoclonal antibody B72.3 for this study 
for several reasons. It demonstrates selective reactivity for 
carcinoma cells over a normal human adult tissue.'* It is 
reactive to over 95% of breast cancers (at a concentration 
of 12 ug/200 yl) in immunohistochemical studies.'* Szpak 
has reported reactivity to 92% of adenocarcinomas in 
pleural effusions (breast, ovary, lung) with no associated 
reactivity to mesothelial or inflammatory cells.'® In terms 
of per cent positive staining cells and intensity of staining, 
we observed that antigen expression seen in cytologic 
preparations of breast cancers is representative of antigen 
expression observed in the corresponding fixed tissue sec- 
tions of neoplasms. 

How might our results influence the surgeon’s approach 
to a patient with a breast mass? Our results in this pilot 
study of 50 patients make an excellent case for immu- 
nocytochemistry to be used as a diagnostic adjunct to 
routine cytology in evaluation of breast masses. All 19 
cytologic diagnoses of malignancy were confirmed by im- 
munoperoxidase staining. Since B72.3 is reactive to an 
antigen present on the cells of adenocarcinoma from sev- 
eral organ sites, it did not identify the thyroid tumor as 
metastatic to the breast. All diagnostic tests, however, must 
be evaluated in the context of a patient’s history and 
physical examination, which will often identify a primary 
site of tumor, keeping in mind that metastasis to the breast 
is a rare occurrence." 

All “suspicious” cytologies were determined to be ma- 
lignant by immunocytochemistry, establishing the role of 
B72.3 in increasing the sensitivity of cytologic diagnosis. 

Based on our present data, we would conclude the fol- 
lowing: 


1. A positive (malignant) cytology confirmed by immu- 
nocytochemistry should allow one to proceed with de- 
finitive surgery. 

2. In the absence of a positive cytology (i.e., if the report 
is benign, atypical, or suspicious), a positive reaction 
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to B72.3 gives a 96% positive predictive value (prob- 
ability that a mass is carcinoma when the sample is 
positive), and, if the need for biopsy on clinical grounds 
is equivocal, this could sway one’s judgment in favor 
of biopsy. 

3. At present, negative cytology and negative immuno- 
cytochemistry should not serve as a basis for deferring 
biopsy if it is indicated by good clinical judgment. 


Finally, we believe that if our results can be confirmed 
in an expanded series of patients, a cost-efficient method 
will be available to establish the diagnosis of breast cancer 
in over 95% of cases. 


Acknowledgments 


We would like to thank Dr. Jeffrey Schlom and Dr. David Colcher of 
the Laboratory of Tumor Immunology and Biology, National Cancer 
Institute, for supplying us with monoclonal antibody B72.3. We also 
would like to thank Mrs. Elaine Silverman for the typing of the manuscript 
and Ms. Sylvia Chao for excellent technical assistance. 


References 


1. Shabot MM, Goldberg IM, Schick P, et al. Aspiration cytology is 
superior to Tru-Cut® needle biopsy in establishing the diagnosis 
of clinically suspicious breast cancer. Ann Surg 1982; 196:122~ 
126. 

2. Coates M, Pilch Y, Benfield J. Changing concepts in establishing 
the diagnosis of breast masses. Am J Surg 1977; 134:77-81. 

3. Russ J, Winchester D. Cytologic findings of aspirations of tumors 
of the breast. Surg Gynecol Obstet 1978; 146:407-411. 

4. Egan R, Goldstein G, McSweeney M. Conventional mammography, 
physical examination, thermography and xeroradiography in the 
detection of breast cancer. Cancer 1977; 39:1984~1992. 

5. Azzarelli A, Guzzon A, Pilotti S, et al. Accuracy of breast cancer 
diagnosis by physical, radiologic and cytologic combined ex- 
aminations. Tumori 1983; 69:137-141. 

6. Fisher B. Reappraisal of breast biopsy prompted by use of lumpec- 
tomy-surgical strategy. JAMA 1985; 253:3585-3588. 

7. Zajdela A, Ghossein NA, Pilleron JP, Ennuyer A. The value of as- 
piration cytology in the diagnosis of breast cancer: experiences 
at the Foundation Curie. Cancer 1975; 35:499-506. 

8. Kline TS. Masquerades of malignancy: a review of 4241 aspirates 
from the breast. Acta Cytol 1981; 25:263-266. 

9. Wollenberg NJ, Caya JG, Clowry LJ. Fine needle aspiration cytology 
of the breast. Acta Cytol 1985; 29:425-429. 

10. Hsu S, Raine L, Fanger H. Use of avidin-biotin-peroxidase complex 
(ABC) in immunoperoxidase techniques: a comparison between 
ABC and unlabeled antibody (PAP) procedures. J Histochem 
Cytochem 1981; 29:577~580. 

11. Colcher D, Horan-Hand P, Nuti M, Schlom J. A spectrum of mono- 
clonal antibodies reactive with mammary tumor cells. Proc Natl 
Acad Sci USA 1981; 78:3199-3203. 

12. Frable WJ. Thin-needle aspiration biopsy. Jn Major Problems in 
Pathology. Philadelphia: WB Saunders, 1983; 14:20-73. 

13. Hajdu SI, Melamed MR. Limitations of aspiration cytology in the 
diagnosis of primary neoplasms. Acta Cytol 1984; 28:337-345, 

14. Nuti M, Teramoto YA, Mariani-Constantini R, et al. A monoclonal 
antibody (72.3) defines patterns of distribution of a novel tumor- 
associated antigen in human mammary carcinoma cell popula- 
tions. Int J Cancer 1982; 29:539-545. 

15. Lottich SC (personal communication). 

16. Szpak CA, Johnston WW, Lottich SC. Patterns of reactivity of four 
novel monoclonal antibodies (72.3, DF 3, B1.1 and B6.2) with 
cells in human malignant and benign effusions. Acta Cytol 1984: 
28:356-366. 

17. McCrea ES, Johnston C, Haney PJ. Metastasis to the breast. AJR 
1984; 141:685-690, 


“JON A. VAN HEERDEN, M.B., F.R.C.S.(C), F.A.C.S. 





Factors Influencing Survival after Resection for 
Ductal Adenocarcinoma of the Pancreas 





ALWYN MANNELL, F.R.A.C.S., F.R.C.S. (ENG)* 


Twenty-three patients with pancreatic cancer who survived >3 
years after surgical treatment and 56 who survived <12 months 
were studied. The association of steatorrhea with long survival 
was significant (p < 0.05), and the association of back pain with 
short survival showed a trend toward significance (p = 0.06). 
Other presenting symptoms, as well as the age, sex, or past 
medical history of the patients; the gross morphology of the 
tumor and regional lymph nodes; the operations performed; and 
the use of postoperative adjuvant therapy had no significant in- 
fluence on survival. Certain histopathologic characteristics of 
the resected specimens were significantly associated (p < 0.05) 
with a poor prognosis: infiltration of the pancreatic 
capsule, proximity of the tumor to lymphatic and blood vessels, 
a round-cell infiltrate at the tumor margin, and epithelial atypia 
in the uninvolved pancreatic ducts. The association of Broders’ 
grades 3 and 4 in the primary tumor and metastases to lymph 
nodes showed a trend toward significance with short survival. 
Multivariate analysis confirmed that the associations of Broders’ 
grades 3 and 4 in the primary tumor, a round-cell infiltrate at 
the tumor margin, and atypia of the pancreatic ductal epithelium 


with short survival were satista significant. 


ARCINOMA OF THE PANCREAS is increasing in fre- 

. quency! and is now the fourth leading cause of 

death from cancer in men.™? However, despite 

efforts at early detection,* approximately 85% of symp- 
tomatic patients have metastatic disease by the time of 
diagnosis, In the remaining 10 to 15% in whom the ma- 
lignant lesion is apparently localized to the pancreas, the 
results of radical surgery are disappointing: the median 
survival after resection varies from 10 to 20 months.** 
Nevertheless, surgical resection does lead to long-term 
survival or even to cure for a few patients. It is important 
to identify this small subpopulation in whom the risks of 
pancreatoduodenectomy or total pancreatectomy would 
be justified. It may be equally important to identify those 
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patients with resectable tumors who might survive for only 
a few months after pancreatectomy. In these patients, 
radical resection could be avoided and a less dangerous, 
palliative procedure chosen. Yet, it may not be possible 
to predict survival from clinical and operative findings 
before resection is undertaken. Therefore, it is essential 
to examine resected specimens for microscopic features 
that might influence survival. These features, if identified, 
would be a guide to prognosis and may be valuable in 
assessing the results of adjuvant radiation and chemo- 
therapy. 

We reviewed retrospectively the records of 82 patients 
who underwent resection for ductal adenocarcinoma of 
the pancreas. A search was made for factors in the clinical 
history, operative findings, and pathologic features of re- 
sected specimens that may have influenced survival. 


Patients and Methods 


Clinical histories and pathologic specimens from pa- 
tients undergoing resection for ductal adenocarcinoma of 
the pancreas at the Mayo Clinic from 1951 to 1980 were 
reviewed retrospectively. Seventy-nine patients were se- 
lected for study. These included 23 patients (approxi- 
mately 12% of patients undergoing resection) who sur- 
vived 3 years or more after operation and 56 patients who 
died within 12 months after resection. None of the 79 
patients had received preoperative irradiation or che- 
motherapy. All hospital deaths (patients who died within 
30 days of operation) were excluded. Patients who sur- 
vived for at least 1 year but less than 3 years after operation 
also were excluded, to obtain two dichotomous groups of 
long-term and short-term survivors, with no overlapping. 
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TABLE |. Presenting Symptoms and Survival of Patients with Ductal 
Adenocarcinoma of the Pancreas 








Survival 
Symptoms Long-term Short-term 

Jaundice 

Percentage of patients 78 86 

Mean serum bilirubin (mg/dl) 11.4 13.9 

Mean duration (days) 30 30 
Loss of weight 

Percentage of patients 83 2 

Average loss (kg) 9.5 TT 

Mean duration (days) 90 91 
Upper abdominal pain 

Percentage of patients 39 55 

Mean duration (days) 61 79 
Back pain 

Percentage of patients* 13 34 

Mean duration (days) 7 91 
Steatorrhea 

Percentage of patientst 43 21 
Thrombophlebitis 

Percentage of patients 0 0 





Difference between survival groups (x2): *p = 0.06; tp < 0.05. 


A retrospective review was performed analyzing 33 
variables in the past medical history, presenting symp- 
toms, findings at operation, procedure performed, post- 
operative course, and the use of adjuvant therapy after 
operation. Resected specimens were re-examined by one 
of us (L.H.W.) for 38 pathologic variables. Only ordinary 
adenocarcinomas of ductal origin were included. Carci- 
noma of the ampulla or periampullary region, cystade- 
nocarcinoma, islet-cell carcinoma, malignant lymphoma, 


TABLE 2. Gross Morphology of Tumor and Survival of Patients with 
Ductal Adenocarcinoma of Pancreas 
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Survival 
Morphology Long-term Short-term 
Primary tumor 
Site 
Head (% of patients) 96 96 
Body (% of patients) 4 2 
Diffuse (% of patients) 0 2 
Size 
Mean (cm) 2.9 3.2 
Range (cm) 1-7 1-11 
Local invasion 
(% of patients)* 41 $2 
Regional lymph nodes 
Negative (% of patients) 71 16 
Positive (% of patients) 29 24 





* Invasion of duodenum, common bile duct, and/or capsule of pan- 
creas. 
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sarcoma, and all other malignant lesions were excluded 
in an attempt to achieve a histogenetically pure group of 
carcinomas. 


Statistical Analysis 


Patients were divided into two groups according to sur- 
vival (23 long-term and 56 short-term survivors). Com- 
parison of the two groups was performed with the chi 
square test for discrete variables (or using Fisher’s exact 
test when required) and with two-sample t-tests for con- 
tinuous variables (or using rank-sum tests when the vari- 
ables were nongaussian or when the variances were un- 
equal). In addition, associations with short survival were 
analyzed multivariately with the logistic multiple regres- 
sion model.’ 


Results 


The average age was 63 years for the long-term survivors 
(range: 50 to 77) and 60 years for the short-term survivors 
(range: 34 to 77). Both groups had a male-to-female ratio 
of 2:1. Sixty-five per cent of the long-term survivors had 
a history of alcohol intake, 58% were smokers, and 4% 
had a history of pancreatitis. These percentages were sim- 
ilar to those of the short-term survivors, of whom 65% 
had used alcohol, 70% were smokers, and 8% had a history 
of pancreatitis. Diabetes of recent onset was identified in 
17% and 13% of long- and short-term survivors, respec- 
tively. Five long-term survivors (22%) and 19 short-term 
survivors (34%) had an operation for obstructive jaundice 
before referral. The operations were usually biliary-enteric 
anastomoses or T-tube drainage of the common bile duct. 

Back pain was a more frequent presenting symptom in 
the group with a short survival (Table 1). This association 
showed a trend toward significance (p = 0.06). The short- 
term survivors had suffered back pain for an average of 
91 days, while no long-term survivor had back pain for 
more than 14 days before admission. Steatorrhea was 
more frequent in long-term survivors, a difference that 
was Statistically significant (p < 0.05). 

Radical pancreatoduodenectomy was performed in 16 
long-term survivors (70%) and in 41 short-term survivors 
(73%). Six long-term (26%) and 15 short-term survivors 
(27%) underwent total pancreatectomy. One long-term 
survivor had had a distal pancreatectomy for carcinoma 
of the body of the pancreas. None of the operative findings 
related to gross morphology of the tumor or regional 
lymph nodes was significantly associated with survival 
(Table 2). The tumor bed was irradiated in 17% of the 
long-term survivors and 9% of the short-term survivors. 
Five long-term (22%) and five short-term (9%) survivors 
received chemotherapy after operation. These differences 
were not significant. 


Vol. 203 • No. 4 


TABLE 3. Histopathologic Characteristics of the Primary Tumor and 
Survival after Radical Resection in Patients with Ductal 


Adenocarcinoma of Pancreas 
Survival (% of patients) 
Characteristic Long-term Short-term 
Broders’ grades ? 
1 and 2 70 46 
3 and 4* 30 54 
Proximity of tumor margin 
To blood vesselst 39 72 
To lymphatic vessels 39 67 
Infiltration by tumor 
Lines of resection 4 7 
Pancreatic capsulet 61 89 
Peritumor invasion 
i 9 0 
Veins . 4 9 
Lymphatic vessels 26 32 
Neural 91 98 
Intrapancreatic spread . 
Parenchymal 17 36 
Ductal 22 29 


Differences between survival groups (x°): *p = 0.06; tp < 0.01; tp 
< 0.03. 


Significant associations (p < 0.05) were noted between 
short survival and the following (Table 3): tumor margin 
adjacent to blood vessels (p < 0.01) and to lymphatic 


l ` vessels (p < 0.03) and infiltration of the capsule of the 


pancreas (p < 0.01). There were more Broders’ grades 3 
and 4 primary tumors in the short-term group than in 
the long-term group, a difference that showed a trend to- 
ward significance (p = 0.06). 

In most patients, parenchymal spread was contiguous 
with the primary tumor, but in 6% of long-term and 5% 
of short-term survivors, satellite areas of malignant spread 
were identified beyond the main tumor. 

All of the primary tumors were ordinary ductal adeno- 
carcinomas, although the tumors of two long-term and 
two short-term survivors had areas of adenosquamous 
carcinoma. Of the primary tumors in the long-term sur- 
vivors, four contained mucinous elements and one had 
areas of acinar cell differentiation. Anaplastic or giant- 
cell pancreatic malignant lesions were not seen. There 
was no relationship between survival and the variants of 
pancreatic cancer. A desmoplastic reaction was noted in 
all tumors. 

The pancreatic tissue adjacent to and distant from the 
tumor was examined (Table 4). There was a statistically 
significant correlation between round-cell infiltration at 
the tumor margin and short survival (p < 0.01). The his- 


_ topathologic characteristics and number of involved 


lymph nodes in each group are listed in Table 5. Broders’ 
grades 3 and 4 were more common in the lesions meta- 
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TABLE 4. Histopathologic Characteristics of the Pancreas and Survival 
in Patients with Ductal Adenocarcinoma of Pancreas 


Survival (% of patients) 
Characteristic Long-term Short-term 

Pancreas adjacent to tumor 

Chronic pancreatitis 59 6l > 

Round-cell infiltrate* . 14 í 50 
Pancreas distant from tumor 

Chronic pancreatitis 27 25 

Round-cell infiltrate 9 16 
Epithelium of duct | 

Atypiat . 13 ; 41 

Carcinoma in situ 17 24 

Invasive cancer 0 2 7 


Difference between survival groups (x7): *p < 0.01; tp < 0.02. 


static to the lymph nodes of short-term than of long-term 


„survivors; this difference showed a trend toward signifi- 


cance (p = 0.14, Fisher’s exact test). 

Clinical and histopathologic associations with survival ` 
were examined using a logistic multiple regression pro- 
cedure.” This analysis showed that Broders’ grades 3 and 
4 in the primary tumor (p < 0.03), a round-cell infiltrate 
at the tumor margin (p < 0.02), and epithelial atypia of 
the duct (p < 0.04) had a statistically significant correlation 
with shart survival. The incidence of back pain in patients 
surviving less than 12 months showed a trend toward sig- 
nificance (p = 0.09). Multivariate analysis failed to con- 
firm a significant association between steatorrhea and long 
survival. A tumor periphery adjacent to blood vessels and 
lymphatic vessels and infiltration of the pancreatic capsule 
did not significantly influence survival. 


TABLE 5. Histopathologic Characteristics of Involved Lymph Nodes 
and Survival in Patients with Ductal Adenocarcinoma of Pancreas 


Survival 
Characteristic Long-term Short-term 
Lymph node metastases 
Percentage of patients 43 57 
No. of nodes 
Mean 2.6 ; 2.0 
Range 1-9 1-6 
Broders’ grades (% of patients) 
1 and 2 80 48 
3 and 4* 20 52 
Site in nodes (% of patients) 
Central 0 33 
Peripheral 70 45 
Diffuse (includes extracapsular 
) 30 52 


* Difference between survival groups (Fisher's exact test): p = 0.14. 
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Discussion 


“Early” ductal adenocarcinoma of the pancreas is a 
relatively silent disease. It spreads insidiously into extra- 
pancreatic tissue and metastasizes readily to lymph nodes. 
Therefore, by the time patients experience the usual 
symptoms of pain, jaundice, and loss of weight, most (85% 
to 90%) are beyond hope of cure.* Even when the tumor 
is resectable, with no obvious regional or distant metas- 
tases, only a few patients survive 3 years or more after 
resection, 

Most series”®? have failed to identify those few patients 
in whom resection will be followed by prolonged survival, 
and the role of extirpative surgery in the treatment of 
pancreatic cancer remains controversial.'*!' Our study 
suggests that certain clinical and histopathologic charac- 
teristics might influence the prognosis. 

Back pain in patients with pancreatic cancer may be 
due to malignant infiltration of the greater splanchnic 
nerves or celiac plexus (or both),'* and its presence suggests 
that cancer has spread beyond the pancreas. Therefore, 
the finding that this symptom was associated with short 
survival was not unexpected. Three of the long-term sur- 
vivors complained of short periods of back pain, but the 
presence of back pain for many weeks before diagnosis is 
a grim prognostic sign. 

In patients with pancreatic cancer, steatorrhea can result 
from near-total interruption to the flow of pancreatic li- 
pase into the duodenum. Clinically obvious steatorrhea 
suggests that the tumor has obstructed the main pancreatic 
duct near the ampulla of Vater. Tumors arising at this 
site may behave like ampullary carcinoma, which has a 
more favorable prognosis than pancreatic cancer. This 
difference may explain why steatorrhea was a more fre- 
quent presenting symptom in long-term than in short- 
term survivors. No other clinical features influenced sur- 
vival. This confirms the results of other series, which have 
shown that age, sex, preoperative concentration of serum 
bilirubin, and the incidence of abdominal pain or weight 
loss have no effect on prognosis. 

No morphologic features of the primary tumor or re- 
gional lymph nodes could differentiate long-term from 
short-term survivors. Thus, in the absence of gross extra- 
pancreatic spread, the surgeon cannot rely on the operative 
findings to identify patients who are not likely to benefit 
from pancreatic resection. However, certain histopatho- 
logic characteristics in the resected specimens had a sig- 
nificant influence on survival. Tumors extending to the 
outer margin of the pancreas are likely to infiltrate the 
pancreatic capsule and be closely related to vessels and 
lymphatic vessels on the surface of the gland. These three 
interrelated features were significantly more frequent 
among short-term survivors. A possible explanation is that 
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the more peripheral tumors disseminate at an earlier stage 
of the disease. 

The correlation of short survival to Broders’ grades 3 
and 4 in the primary tumor and to lymph node metastases 
showed a trend toward statistical significance. This was 
not unexpected, as a similar finding has been reported 
with other visceral malignancies. '*:'* However, retrospec- 
tive reviews of patients with pancreatic cancer have not 
reported this association.** In our series, only patients at 
either end of the survival curve were studied. Broders’ 
grades may be of no value in predicting survival for all 
patients undergoing resection for carcinoma of the pan- 
creas. 

When uninvolved pancreatic tissue in the resected 
specimen was examined, atypia of ductal epithelium 
showed a statistically significant correlation with short 
survival. There are two possible explanations for this 
finding. One is that areas of atypia in the ducts of the 
residual pancreas rapidly progress to invasive cancer. 
However, a period of less than 12 months probably is not 
long enough for the induction and spread of pancreatic 
adenocarcinoma. The second explanation is that frank 
malignancy has already occurred in the epithelial atypia 
in the ducts of the body and tail of the pancreas by the 
time the pancreatic head is resected. If this latter hypoth- 
esis is correct, total pancreatectomy should have a favor- 
able influence on prognosis. The Mayo Clinic experience 
with attempted curative resection for ductal adenocarci- 
noma of the pancreas was recently reported by Edis et al.* 
In that review, which included most of the patients reex- 
amined in this study, Edis et al. found that total pancre- 
atectomy offered no advantage over the Whipple opera- 
tion!> for cancer of the head of the pancreas. These data 
were confirmed in another study from our institution? in 
which the results of total pancreatectomy in patiepts with 
ductal adenocarcinoma were evaluated. However, in the 
small series reported by Brooks and Culebras,’® total pan- 
createctomy was associated with a significantly longer 
survival in patients with disease localized to the pancreas 
than in patients without localized disease. Follow-up of 
a larger number of accurately staged lesions is necessary 
to determine the advantages of total pancreatectomy over 
the Whipple operation in terms of 5-year survival—to 
date, both operations appear to be equal in regard to long- 
term survival. 

In other visceral malignancies, peritumor venous in- 
vasion has been correlated with a poor prognosis (Ritts 
RE, personal communication). In our study, however, 
peritumor invasion of veins and arteries did not influence 
survival. Invasion of peritumor lymphatic vessels was fre- 
quently observed, and neural invasion was present in al- 
most all cases; neither of these features was related to 
prognosis. 


-= Val. 203 «No. 4 


Round-cell infiltration at the tumor margin was sig-- 


nificantly more frequent in patients with a short survival, 
probably because a more intense host-immune reaction 
occurs after the cancer is disseminated. Another possible 
explanation is that a chemotactic influence is exerted by 
a tumor-associated antigen that either is specific to or 
elaborated in greater concentration by a malignant pan- 

creatic cancer.’ 


When the features that were howi by univariate anal- 
ysis to have a statistically significant influence on survival 


were re-examined using multivariate statistical methods, 


. only three histopathologic characteristics were associated 


with a poor prognosis: Broders’ grades 3 and 4 in the 
primary tumor, a round-cell infiltrate at the tumor margin, 
and atypia of uninvolved epithelium of the pancreatic 


- duct. The association of back pain with short survival 


va 


again showed a trend toward significance. A prospective 
study is essential to determine which clinical and histo- 
pathologic characteristics will be of most value in pre- 
dicting survival of patients with resectable pancreatic 
° Although the current study suffers from the limitations 
of a retrospective and selected review, the results suggest 
that radical resection of the pancreas may be inappropriate 
for the patient with a long history of back pain. Where 
unfavorable histopathologic characteristics are identified 
in the resected specimen, the use of adjuvant radiotherapy- 
chemotherapy should be considered. 
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Sepsis and trauma result in increases in epinephrine, glucagon, 
and cortisol secretion as well as alterations in respiratory pattern 
that is characterized by increased minute ventilation, decreased 
tidal volume, and increased frequency. Six male subjects were 
infused for 5.5 hours with cortisol, epinephrine, and glucagon in 
amounts designed to simulate plasma levels seen in patients fol- 
lowing trauma. During the initial 20 minutes of the hormone 
infusion, minute ventilation (Ve), oxygen consumption (Vv, or), and 
carbon dioxide production (Veo). increased above preinfusion 
values. Vco, increased more than Vo, resulting in an increase in 
respiratory quotient (RQ) from 0.93 to 1.14. The increase in Ve 
was due to increased tidal volume and not frequency (f). After 
4.5 hours, the Ve, Von» and Voor were still above preinfusion 
levels but the RQ had decreased to 0.98 because of a decrease 
in Voor: Frequency had increased from 19 + 4.8 breaths/min 
preinfusion to 22 + 4.7 after 4.5 hours. After 4.5 hours, V; was 
still above preinfusion levels while pH and PaCO, had decreased 
below them. The latter was associated with an increase in serum 
lactate. At no time was a decrease in tidal volume observed. 
Therefore, the infusion of these hormones does not simulate all 
the alterations observed during trauma and sepsis. 


sepsis and trauma, typically have increases in cir- 

culating levels of epinephrine, glucagon, and cor- 
tisol! as well as respiratory patterns characterized by in- 
creased breathing frequency, decreased tidal volume, and 
elevated minute ventilation.? Shamoon et al.> have dem- 
onstrated that in normal subjects many of the metabolic 
and biochemical changes that occur during stress can be 
reproduced by infusing these three “counterregulatory” 
hormones in amounts designed to simulate the plasma 
levels seen in patients following trauma. They have ob- 
served that these hormones act synergistically in altering 
biochemical and metabolic parameters; i.e., the response 


P=: UNDERGOING physiologic stress, e.g., 
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to the simultaneous infusion of all three is greater than 
the algebraic sum of the responses to each infused indi- 
vidually.* The present study examines the effects of stress 
hormone infusion on metabolic rate and respiratory pat- 
tern. Specifically, it attempts to determine whether the 
rapid respiratory rates and small tidal volumes seen in 
stressed patients? can be reproduced by the infusion of 
hormone. Measurements of respiration and metabolic rate 
were made prior to, during the first 30 minutes of, and 
after 4.5 hours of the infusion. 


Methods 


Six healthy male subjects aged 22 to 30 years partici- 
pated in a study designed to assess the metabolic and bio- 
chemical effects of infusing the stress hormones into nor- 
mal subjects receiving a high carbohydrate diet. Each 
subject was admitted to the Surgical Metabolism Unit 
(SMU) of the Columbia-Presbyterian Medical Center 
(CPMC) for 3 days on two separate occasions. On each 
occasion they were placed on a high carbohydrate diet for 
the first 2 days. This was provided as 2880 kcal/day of 
Sustacal (Mead Johnson, Evansville, IN). The diet was 
55% carbohydrate, 24% protein, and 21% fat. On the third 
day, an intravenous infusion of 15.4 g/h of dextrose was 
started at 7:30 AM. On one occasion saline was infused 
intravenously starting at 11:30 AM, while on the other, 
cortisol (5 mg/m?/h) was started at 9 AM and epinephrine 
(1.2 wg/m*/min) and glucagon (3 mg/kg/min) added at 
11:30 AM according to the protocol of Shamoon et al.’ 
The infusions were continued until 5 PM. Measurements 
of oxygen consumption (Vo,), carbon dioxide production 
(Vco,), and respiration were made using a canopy-spi- 


ae 
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rometer-computer system at 8 AM, between 11 AM-12 
noon, and at 4 PM. The 11 AM-12 noon segment was 
divided into 10 minute periods to allow for examination 
of the initial hormonal effects. At 8 AM and 4 PM, respi- 
ratory measurements were made during room air breath- 
ing and during the administration of 2% and 4% CQ). 
The canopy-computer-spirometry system used in the 
present study has been described in detail previously’; it 
is composed of a head canopy connected to a spirometer 
(Med-Science model 470, St. Louis, MO) and a Prime 
300 computer (Prime Computer Co., Natick, MA). The 
canopy is a rigid transparent head chamber with a neck 
seal, ventilated by a continuous airstream. The spirometer 
connected to the canopy provides a breath-by-breath rec- 
ord of changes in lung volume. Gas composition in the 
canopy is continuously sampled and analyzed by means 
of a LIRA CO, analyzer (model 200 FP, Mine Safety 
Appliance Co., Pittsburgh, PA) and a Servomex O, ana- 
lyzer (model OA 250, Servomex Controls Ltd., London, 
England). Spirometry and gas exchange data are acquired 
and processed by the digital computer. Airflow to the can- 
opy is set at 40 I/min and is controlled to provide a stable 
spirometer baseline position. Computer-executed algo- 
rithms quantify each breath and determine tidal volume 
(Vr), frequency (f), CO7 production (Vco,), O2 consump- 
tion (V o2) peak inspiratory and expiratory flows, and in- 
spiratory (T;) and expiratory (Tg) time. T; is taken 
from the start of inspiration to the start of expiration. 
Mean inspiratory and expiratory flows (V/T, Vr/Ts) 
and the ventilatory equivalents fot’ O, and CO, 
(Ve/Vo,, Ve/Voo,) at room air were calculated. An ac- 
curacy of +10 ml in Vr measurements is achieved for 
breathing frequencies in the range of 5-40 breaths/min. 
The program excludes all Vy less than 40 ml, as these 
have been considered too small to represent a breath. 
All metabolic and respiratory measurements were made 
in the supine position. The response to CO, was assessed 
by allowing the patient to breathe room air and then 2% 
and 4% CQ. At each condition, measurements were made 
for 10 minute periods once stable levels of Vo, and 
Vco, had been achieved. Arterial blood was sampled from 
an indwelling radial artery catheter at the end of each 


_measurement period and analyzed using an IL 1303 blood 


` gas analyzer (Instrumentation Laboratories, Lexington, 


O 


MA) for pH, PO2, and PCO. 

Statistical analysis was’ performed using a repeated 
measures analysis of variance. 

Written informed consents were obtained from all sub- 
jects. This study was approved by the Institutional Review 
Board of Columbia University, Health Sciences Center. 


Results 
Figure 1 displays the changes in Vg, Von, Vco,, Vr; 
and f during the infusions of saline and hormones. Saline 
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vs. time. Mean + SE for six subjects, 


resulted in no change in either metabolic or respiratory 
patterns. With the hormone infusions, two patterns of 
respiration were observed. During the initial 20 minutes 
of the hormone infusion, there was a greater increase in 
Veo, than Vo, resulting in an RQ as high as 1.14 (préin- 
fusion RQ was 0.93). Minute ventilation increased, as. did 
V,, while f changed little. Compared to the measurements 
made 10-20 minutes after the start of the infusion, those 
made after 4% hours revealed that Vo, was unchanged, 
while Vg (p < 0.02) and Voo, (P < 0.03) had decreased; 


, thus the RQ decreased to 0.98. Frequency increased from 


amean of 19+5to22+5 breaths/min (p < 0.002) while 
Vr decreased (p < 0.02). 

Further analysis of the respiratory patterns revealed that 
during the initial 30 minutes of the hormone infusion, T; 
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Fic. 2. Mean inspiratory flow (V+/T), mean expiratory flow (V+/T.), 
inspiratory and expiratory times (T|/T,), and inspiratory duty cycle (T)/ 
Tror) are plotted vs. time. Mean + SE for six subjects. 


and Te did not change significantly, while V+/T, and V+/ 
Te both increased significantly. Four and a half hours 
after the start of the infusion, V;/T; and V7/T; had de- 
creased significantly from the levels observed 10 to 20 
minutes after the start of the infusion. Also, T; and Tg 
were decreased (p < 0.005, Fig. 2), while T,/Tror was 
unchanged. 

The ventilatory equivalents for O, and CO; (Ve/Vco, 
and VzE/Vo,) were unchanged during the saline infusion, 
but increased significantly (Fig. 3) during the infusion of 
hormones. 

During the saline infusions, no changes in serum lactate, 
pH or PaCQ, were observed. During the hormone infu- 
sions, however, both pH and PaCO, decreased signifi- 
cantly, while serum lactate increased (Table 1). 

Inspection of the V;_-PaCO} relationship revealed a sig- 
nificant shift to the left during the hormone infusion. No 
shift was seen with saline (Fig. 4). 


Discussion 


The present study demonstrates that the simultaneous 
infusion of the three counterregulatory hormones into 
normal subjects increases minute ventilation and alters 
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the respiratory pattern. The initial 30 minutes of the in- 
fusion was marked by rapid changes in both ventilatory 
and metabolic parameters. Minute ventilation and carbon 
dioxide production were highest 10-20 minutes after the 
start of the infusion. Carbon dioxide production increased 
more than oxygen consumption; the RQ thus increased 
from a preinfusion value of 0.94 to 1.14 and 1.08, 10-20 
and 20-30 minutes, respectively, after the start of infusion. 
This is consistent with the observations of Fellows et al.,° 
who noted increases in RQ during the first 15 minutes of 
the infusion of 50 ng/min/kg and 10 ng/min/kg of epi- 
nephrine. Lundholm et al.’ also observed a greater in- 
crease in Veo, than Vo, 3 and 8 minutes following the 
start of an intravenous infusion of 0.15 ug/kg/min of epi- 
nephrine. In that study’ arterial PaCO, was slightly in- 
creased from preinfusion levels at 3 minutes and un- 
changed at 8 and 30 minutes after the initiation of the 
infusion; pH decreased only slightly. Sjostrom et al.® also 
did not observe any changes in PaCO, during the initial 
period of infusion. These results are in contradistinction 
to those of Bradley et al.,° who found that an infusion of 
0.20 ug/kg/min of epinephrine stimulated respiration and 
decreased PaCO). In the latter study,’ arterial blood sam- 
ples were placed on ice and analyzed some hours later, a 
method that appears to result in lower PCO, than when 
samples are analyzed immediately.’ Review of the data 
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Fic, 3. The ventilatory equivalents for CO, (V_/Vco,) and Oz (V_/Vo,) 
are plotted vs. time. Mean + SE for six subjects. 
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of Lundholm et al.’ reveals no change in the ventilatory 
equivalent to CO, 3, 8, and 30 minutes after the initiation 
of the infusion. This, coupled with no change in PaCO., 

would indicate that there is no change i in Vp/V7; this is 
interesting, since epinephrine i is a bronchial dilator.'° This 
is in contradistinction to our data, i in which there was a 
significant i increase in the ventilatory equivalent to CO, 


. during the period immediately following the start of the 


XO 


infusions. In the current study, an infusion of three hor- 
mones that act synergistically was used, and it is possible 
that this resulted in a situation where the respiratory in- 
creases were greater and were well out of proportion to 
Voo,. If the PaCO, does not change’ and V;/Voo, in- 
creases, Wp/Y7 must have increased, while, if PaCO, de- 
creases, there may not be major changes in Vp/vr. If 
PaCO, does decrease, then the greater increase in Von 
than Và i is most likely due to hyperventilation, i.e., a 
primary réspiratory event. This may be caused directly 
by a hormone-induced increase in respiratory drive or 
indirectly by a feeling of anxiety. If PaCO, does not change 
and there is no increase in Vp/Vr, then the CO, elimi- 
nated must ‘be produced by some metabolic process.’ 
Therefore, more detailed investigation of this dynamic 
initial infusion period is necessary, with frequent mea- 
surements of arterial PaCO} to make these distinctions. 
The increase in Vy, but not f, during the initial period 
of hormone infusion is consistent with the results of other 
investigators.'’ The increase in mean inspiratory flow (V+/ 


‘Ty with no change in inspiratory duty cycle (T/T ror) 


implies an increase in ventilatory drivé but not timing.” 
The increase in respiratory drive caused by the infusion 
of hormones may be due to different mechanisms, de- 
pending on the specific catecholamine used. Both epi- 
nephrine and norepinephrine stimulate respiration taa 
comparable degree in man, in spite of the lack of any 
consistent increase in oxygen consumption after norepi- 
nephrine administration.’ Epinephrine has been thought 
by some to stimulate respiration by increasing CQ, pro- 
duction and lactate production.’ Norepinephrine, as well 
as epinephrine, may increase respiration at least in part 
by a different mechanism, an increase in the sensitivity 
of the peripheral arterial chemoreceptors.'"!3 This is ev- 
idenced by the observation that the increased minute 
ventilation seen after the infusion of norepinephrine can 
be abolished by the simultaneous inhalation of 100% ox- 
ygen!! and can be enhanced by hypoxia.!? Section of a 
cat’s carotid sinus and aortic nerve prevented both epi- 
nephrine and norepinephrine from increasing minute 
ventilation," thus lending additional evidence to the im- 
portance of arterial chemoreceptors i in catecholamine-in- 
duced hyperpena. 
Four and a half hours after the start of the Riok 
both Vo: and minute ventilation were unchanged from 
values 20-30 minutes after ‘its inception. Whelan and 
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TABLE 1. Arterial Blood Gases and Serum Lactate: 





PaCO; PaO, Lactate 
pH (torr) (torr) (umol/ml) 

Saline l 

$:00 aM 7.39+0,02 41,4 +14.0 92.1+7.5 0.710.15 

4:30 PM 7.40 + 0.01 40.4 + 2.8 98.0 + 8.2 0.63 +0.12 
Hormone o t 

8:00AM 7.41 +0.02 41.9 3.8 92.2 +9.9 0.65 +0.38 

4:30 PM 7.38 + 0.02* 38.1 +2.9* 102. +7.9%* 3.32 + 1.05* 

N= 6. 

* Significantly different than 8 am value (p < 0. 05). 

Values are means + SD. 


Yaung’* observed that the effects of a continuous infusion 
of epinephrine on minute ventilation was short lived. 
Others have observed similar tachyphylaxis with the bio- 
chemical response? when epinephrine, but not all three 
counterregulatory hormones, ‘was infused. This, along 
with the observations made in this study, demonstrate 
that the synergism between these’ hormones appears to 
prevent tachyphylaxis from occurring, : 

The respiratory pattern after 4.5 hours differed from 
that during the first 30 minutes. Thus, the ventilatory 
pattern observed’ when a more steady state had been 
achieved differs from that seen during the first 30 minutes 
of the infusion. The difference may be due to the fact that 
after 4.5 hours not only is metabolic rate elevated but 


22 
20 





PaCQz (torr) 


Fic. 4. PaCO, is plotted vs. minute ventilation (Vz). Points are room air 
and 4% CO. Mean + SD for six subjects. ‘Significantly different (p 
< 0,025) from prehormone infusion — 
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there is also respiratory compensation for a mild metabolic 
(lactic) acidosis (Table 1). The latter is evidenced by sig- 
nificant decreases in both pH and PaCO, as compared to 
preinfusion values. The increases in Vg at this time con- 
tinue to be associated with an increase in V+/T; rather 
than T,/Tyor, indicating an increase in drive but not tim- 
ing. Further investigation of respiratory drive using the 
ventilatory response to CO; demonstrates that infusion 
of hormones causes no change in the slope of the Vg- 
PaCO),) relationship but a significant shift to the left. This 
shift is most likely due to a small increase in ventilatory 
drive caused by mild metabolic acidosis and possibly also 
by the increase in metabolic rate.'® 

These results indicate that the combined infusion of 
epinephrine, glucagon, and cortisol in amounts designed 
to produce plasma levels similar to those seen in stressed 
patients results in a dynamic sequence of respiratory and 
metabolic changes. Presumably, the increase in ventilation 
observed is due mainly to the epinephrine. Epinephrine- 
induced increases in ventilation are thought to be me- 
diated at least partly by beta adrenergic stimulation,!!:'’ 
since selective alpha adrenergic stimulation reduced the 
degree of increase in minute ventilation’! produced by 
norepinephrine infusion. If beta receptor activity is the 
primary mediator involved in the increase in Vg, the syn- 
ergistic effects of epinephrine and glucagon may be ex- 
plained by the fact that glucagon also increases intracel- 
lular cyclic-AMP, but via a non-beta receptor mecha- 
nism." Similarly, cortisol has been reported to act 
synergistically with epinephrine.'*?° The mechanisms 
proposed include cortisol-induced inhibition of catechol- 
O-methyl transferase!’ and blockade of catecholamine 
reuptake.”° 

The effects of a high carbohydrate diet on these obser- 
vations must also be considered. Increasing carbohydrate 
intake results in parallel rises in carbon dioxide production 
and minute ventilation.”! It is possible that the additional 
metabolic stimulation may result in some differences in 
the metabolic and respiratory responses when compared 
to those of subjects on different diets or in the postab- 
sorptive and starved state. 

In conclusion, the combined infusion of the three 
counterregulatory hormones into normal subjects repro- 
duces many of the biochemical changes seen in stressed 
patients.? However, it fails to reproduce completely the 
respiratory pattern of stressed patients. It does result in 
increased frequency and elevated minute ventilation but 
does not cause the decrease in tidal volume (shallow rapid 
pattern) so often seen in postoperative patients.” There- 
fore, although the increase in ventilation seen during the 
stressed state may be partly due to the effects of these 
three hormones, the specific respiratory pattern must be 
influenced by other considerations. These include changes 
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in respiratory mechanics such as decreased compliance 
secondary to increased interstitial lung water. 

In summary, this study examines the metabolic and 
ventilatory effects of the simultaneous infusion of cortisol, 
glucagon, and epinephrine and demonstrates the dynamic 
nature of the response. 
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Fibrin in Peritonitis 


V. Fibrin Inhibits Phagocytic Killing of Escherichia Coli by Human 


Polymorphonuclear Leukocytes 





ORI D. ROTSTEIN M.D. ` TIMOTHY L. PRUETT M.D. ` 


Fibrin deposition initiated by peritonitis is thought to be an im- 
portant local defense mechanism because it sequesters and walls 
off bacterial spillage. However, fibrin has been shown to. pre- 
dispose to residual abscess formation in a rat peritonitis model. 
To examine the potential mechanisms of this effect, fibrin was 


tested ix vitro for its inhibitory effect on neutrophil function. At , 


all concentrations tested (50-1000 mg/dl), fibrin significantly 
impaired the ability of neutrophils to kill Escherichia coli. This 
inhibition occurred in a dose dependent fashion with almost 
complete prevention of killing at the highest concentration tested. 
Further studies showed that pre-exposure to fibrin did not reduce 
the neutrophil’s ability to degranulate, undergo a respiratory 
barst, or kill E. coli, indicating that fibrin did not cause irre- 
versible damage to the normal microbicidal functions of the neu- 
trophil. However, fibrin, at physiologic concentrations, signifi- 
cantly impaired phagocytosis of radiolabeled ŒE. coli. The data 
support the concept that phagocytosis of bacteria is impaired by 
neutrophils enmeshed in fibrin. Thus, contaminated fibrin could 
act as a nidus for residual abscesses formation following peri- 
tonitis even if an adequate number of normal leukocytes were 
present. 


ERITONITIS and its attendant complications are life- 
threatening diseases, particularly in the older age 

groups where mortality rates range from 60-80%.! 
Resolution of the infection depends on a fine balance be- 
tween the virulence of the bacterial infection and the host’s 
ability to defend against infection. Upon bacterial soiling 
of the peritoneal cavity, three local host defense mecha- 
nisms are set into motion. The earliest defense mechanism 
is the mechanical clearance of bacteria from the peritoneal 
cavity through specialized diaphragmatic lymphatics.?~+ 
Experimentally, greater than 50% of bacteria injected in- 
traperitoneally into rats are removed by this route within 
30 minutes.’ Simultaneously, the second important de- 
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fense mechanism, i.e., bacterial phagocytosis and killing, 
is initiated. There is sloughing of the mesothelial lining? 
and degranulation of peritoneal mast cells with the release _ 
of histamine, serotonin, and other vasoactive substances. 
These substances enhance vascular permeability of the 
mesothelial venules, resulting in an outpouring of protein- . 
rich plasma containing complement, serum opsonins, and 
fibrinogen. Opsonization of bacteria by serum opsonins 
and activated complement factors.enhances ingestion and 
killing by neutrophils entering the peritoneal cavity and. . 
by resident peritoneal macrophages.** 

Finally, fibrin deposition resulting from the enzymatic 
degradation of the fibrinogen-rich inflammatory exudate 
has been shown to be important in bacterial containment 
in the peritoneal cavity. Zinsser and Pryde? demonstrated 
reduced peritoneal spread of bacteria and reduced bac- 
teremia when fibrinogen was injected into the peritoneal 
cavity following experimental appendiceal perforation in 
dogs. Similarly, Ahrenholz and Simmons ‘showed that 
mortality caused by E. coli in a rat peritonitis model was 
prevented when the bacteria were enmeshed in fibrin prior 
to intraperitoneal (ip) inoculation.'® However; these stud- 
ies also demonstrated that contaminated fibrin predis- 
posed to residual abscess formation. All animals surviving 
ip inoculation of E. coli enmeshed in fibrin developed 
residual intra-abdominal abscesses while the survivors of 
the free ip Æ. coli injection did not. These results suggested 
that bacterial sequestration within a fibrin mesh created 
a privileged sanctuary in which bacteria remained pro- 
tected from host defenses. Failure to resolve the infected. 
nidus may result in subsequent abscess formation. 

The purpose of these studies was to examine possible 
mechanisms by which fibrin impairs the ability of host 
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neutrophils to produce complete resolution of an infected 
focus. 


Materials and Methods 
Bacterial Strains and Growth Conditions 


A clinical isolate of E. coli, (serotype 018 ab; K56/K7;—) 
has been used repeatedly for experiments in this labora- 
tory.'"'3 It was maintained at —70 C in brain-heart in- 
fusion broth (BHI, Difco Laboratories, Detroit, MI) in 
10% glycerol. Daily preparations of E. coli were made by 
inoculating 50 ml of BHI with a loop sample from a stock 
plate. After incubation at 37 C for 18 hours in a shaker 
bath, the bacteria were washed three times by centrifu- 
gation at 1600 X g X 10 minutes and resuspended in 
sterile isotonic saline. Approximation of the number of 
organisms was performed by densitometry using a Klett- 
Summerson photoelectric colorimeter (Klett Mfg., Co., 
New York, NY), and viable numbers were precisely con- 
firmed by pour plate enumeration. 


Preparation of Human Polymorphonuclear Neutrophils 
(PMNs) 


PMNs were separated from the heparinized blood of 
healthy adult human donors by centrifugation (400 X g 
X 25 min) over Ficoll-Hypaque according to the method 
of Ferrante and Thong.'* The PMNs were washed twice 
after hypotonic lysis of residual erythrocytes and resus- 
pended in Hank’s Balanced Salt Solution (HBSS, Gibco 
Laboratories, Grand Island, NY). The purity of the PMNs 
recovered was >95%, as monitored by Wright’s staining 
of a Cytospin preparation (Shandon Southern Instru- 
ments, Inc., Sewickley, PA). 


Experiment I 


As a potential mechanism for the ability of fibrin to 
enhance abscess formation, it was hypothesized that po- 
lymerized fibrin inhibited the phagocytic killing of bacteria 
by PMNs. 

Phagocytic killing assay. Human fibrinogen (95% clot- 
table protein, Sigma Co., St. Louis, MO) was suspended 
in Dulbecco’s phosphate buffered saline without calcium 
(PBS, Irvine Scientific, Santa Ana, CA) and pore limit 
dialyzed using a 10,000 MW cutoff overnight at 4 C to 
remove sodium citrate. Ultraviolet exposure for 15 min- 
utes consistently sterilized the solution. 

A clot, | ml in volume with a 12 mm largest diameter, 
of varying fibrin concentration was formed in the bottom 
of a 12 X 75 mm polystyrene tube by adding sterile 
thrombin (30 U/ml, Parke-Davis, Morris Plains, NJ) to 
a mixture of fibrinogen (final concentration 50-1000 mg/ 
dl), E. coli (1 X 10’), PMNs (5 X 10°) and human serum 
(final concentration 15%). This was gently vortexed im- 
mediately after adding the thrombin and before clotting 
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to ensure even distribution of bacteria within the clot. 
The mixture was incubated at 37 C for 1 hour. At the 
end of the incubation period, the clot was gently chopped 
with a sterile spatula and 0.5 ml of trypsin (final concen- 
tration 2.5 mg/ml) was added to dissolve the clot. Clots 
were fully liquefied after 15 minutes and PMNs in a 0.1 
mi aliquot were lysed with distilled water. Exact enu- 
meration of viable E. coli was then performed by agar 
pour plate technique following serial dilution in isotonic 
saline.! Tubes with E. coli but without PMNs were sim- 
ilarly treated to serve as controls. Results are expressed 
as a killing index (KI), i.e., the per cent of bacteria killed 
by PMNs during the incubation period. 


# viable bacteria without PMN 
— # viable bacteria with PMN 


Krs # viable bacteria without PMN 





X 100% 


Trypsin at the concentration used had no effect on E. 
coli viability (data not shown). 


Experiment IT 


The ability of bacteria to resist killing by neutrophils 
when trapped together within a fibrin nidus may be due 
to fibrin’s ability to interfere with bacterial phagocytosis 
by neutrophils or to alter the neutrophil’s intrinsic killing 
functions. Since neutrophils incorporated into a fibrin clot 
have been previously shown to actively phagocytose fibrin 
and to simultaneously lose their cytoplasmic granules. 617 
we hypothesized that exposure of neutrophils to poly- 
merized fibrin rendered them incapable of performing 
their intrinsic killing functions. 

Effect of fibrin exposure on PMN microbicidal functions. 
A 1 ml fibrin clot was formed by adding thrombin to a 
mixture of PMNs (5 X 10°), and fibrinogen (final con- 
centration 400 mg/dl). Following a 1-hour incubation at 
37 C, the clot was liquefied with trypsin as described. 
PMNs were pelleted by centrifugation at 1100 rpm x 15 
minutes and doubly washed with HBSS and resuspended 
in HBSS for testing. Recovery of PMNs from the clots by 
this method was approximately 80%. Viability of the re- 
covered PMNs by trypan blue exclusion technique was 
greater than 95%. Cells treated in this manner were then 
tested for their ability to perform phagocytic killing of E. 
coli, to degranulate, and to undergo a respiratory burst as 
determined by chemiluminescence. These results were 
compared to results produced by (1) untreated PMNs and 
(2) PMNs incubated in trypsin but without pre-exposure 
to fibrin. 

Phagocytic killing assay. PMNs (5 X 10°), E. coli (107 
CFU), and human serum (final concentration 15%) were 
mixed in a 12 X 75 mm polystyrene tube. The final vol- 
ume of the mixture was 1 ml. This mixture was gently 
rotated for 60 minutes at 37 C and, following hypotonic 
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Fic. 1. The effect of fibrin on : 

phagocytic killing of E. coli 100 5 
by PMNs. E. coli (107) and 

PMNs (5 X 10°) in 15% hu- 
man serum were clotted in 
various concentrations of fi- 
“brin. Following a 60-minute 

=a incubation at 37 C, the clots 

were lysed and a viable E. coli 
count was performed. The 
results are expressed as a 
phagocytic killing index as 
defined in the Methods sec- 
tion. At all concentrations 
tested, fibrin impaired the ` 
PMNs’ ability to kill E. coli 
compared to the fibrin-free 
control phagocytic mixture, j 

Each value is the mean 0 
+ standard error of at least : 
three phagocytic killing as- 

says. 


Killing Index (%) 
D (en [e+] 
Oo O "O 


N 
>) 


lysis of the PMNs with distilled water, a live bacterial 


count was performed using the agar pour plate tech- 
pa nique.'> Results are expressed as a phagocytic killing index 
#” as previously defined. 

Assay of chemiluminescence. The method utilized was 
one devised in this laboratory.!* Briefly, 2-x 10° washed 
PMN and 1.25 mg of opsonized zymosan in a total vol- 

„ume of 2.5 ml PBS were placed within a scintillation 
counter (Beckman LS330 Beckman Instruments, Palo 
Alto, CA) and measurements taken every 5 minutes until 


the peak response was past. Both the peak chemilumi- z 


nescence and time to peak response were measured. 
Measurement of lysosomal enzyme secretion. PMNs (10 
X 10°) were incubated in formyl-methionyl-leucy!-phe- 
nylalanine (FMLP, 5 X 107° mg/ml) and cytochalasin B 
(5 mg/ml) for 30 minutes at 37 C. Cells were pelleted by 
centrifugation ‘and aliquots of the cell-free supernatants 
Y were assayed for lysozyme and myeloperoxidase. Lyso- 
zyme was assayed using a reagent kit from Worthington 
Biochemical. Co., Freehold, NJ.!? Myeloperoxidase was 


assayed according to the method of West et al.? Enzyme 


secretion is reported as the percentage of total available 
enzyme activity, a value obtained by consideration of en- 
zyme activity in a lysate prepared by sonication of an 
equal number of cells. l 
Effect of fibrin on phagocytosis of E. coli by PMNs. To 
test the hypothesis that fibrin inhibited phagocytic uptake 
of bacteria, a modification of the method of Lee et al. was 
used.”! Briefly 2H-thymidine labeled E. coli (107 CFU/ 
- Clot) were clotted with thrombin in varying concentrations 
` of fibrinogen in the presence of PMNs (5 X 10°/clot) and 
serum (final concentration 15%), Following a 1-hour in- 


a cubation at 37 C, clots were lysed with trypsin and cen- . 


trifuged at 800 rpm for 10 minutes to pellet the PMNSs. 
` The pellet was washed once in PBS and the pellet resus- 
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*p < 0.01 vs. control ` 


100 200 300 400 500 600 700 800 900 1000 


Fibrin (mg/dl) 


pended in scintillation fluid (Aquasol, New England Nu- 
clear Co., Boston, MA) for counting. The combined su- 
pernatants were centrifuged at 3000 rpm X 15 minutes 
and the pellet containing °H-E. coli unassociated with ` 
PMNs was resuspended in Aquasol for counting. Per cent 


“phagocytosis was determined by the ratio of PMN asso- 


ciated counts to total counts X 100%. 

Opsonized zymosan. One ml of stock zymosan (Sigma 
Chemical Co., St. Louis, MO) was incubated with 3 ml 
of serum at 37 C for 30 minutes. Following centrifugation 
at 2000 rpm for 5 minutes, the pellet was washed twice 
with PBS and resuspended in 3.8 ml PBS giving a final 
concentration of 12.5 mg/ml. © 

Statistics. Data were evaluated using an unpaired Stu- 
dent’s t-test and standard tables.” 


Results 


Experiment I: Effect of Fibrin on the Phagocytic Killing - 
of E. coli by PMNs (Fig. 1) 


When no fibrin was present in the phagocytic killing 
assay, PMNs were able to kill 95 + 4% of the E. coli 
present in the mixture. At all concentrations tested, fibrin 
significantly impaired the ability of PMNs to kill E. coli 


-when compared to control without fibrin. As fibrin con- 


centration was increased, there was a progressive reduction 


_in the killing capacity of the PMNs enmeshed in the clot. 
_ At 1000 mg/dl, PMN killing of E. coli was almost com- - 


pletely abolished (16. + 13% killing). 


Experiment II: Effect of Fibrin on PMN Function - 


Chemiluminescence. Table | demonstrates the effect of 
pre-exposure to fibrin (400 mg/dl) on the ability of PMNs 
to generate.a chemiluminescent response to opsonized 
zymosan. PMNs tested following removal from the fibrin 


416 


TABLE 1. Effect of Fibrin Exposure on Neutrophil 
Chemiluminescence* 








Treatment of Chemiluminescent Peak Peak Time 
Neutrophils (counts) (min) 
None 1784 + 132 58.3 + 4.4 
Trypsin 794 + 114t 43.3 + 9.3 
Fibrin followed 
by trypsin 803 + 4t§ 48.3 + 15.9F§ 





* Neutrophils are clotted in fibrin (400 mg%) for 60 minutes at 37 C 
and then removed from the clot using trypsin (2.5 mg/ml) prior to testing 
for chemiluminescent response to opsonized zymosan. Trypsin controls 
are treated with trypsin without pre-exposure to fibrin. Mean + SEM of 
three experiments. 

+p < 0.01 vs. control (untreated neutrophils). 

t Not significantly different from control (untreated neutrophils}. 

§ Not significantly different from trypsin treated control. 


clot with trypsin produced a significantly reduced chemi- 
luminescent peak when compared to untreated control 
PMNs (p < 0.01). However, trypsin treated control cells 
without pre-exposure to fibrin showed a similar reduction 
(p <0.01 vs. control) and did not significantly differ from 
PMNs pre-exposed to fibrin. The time required to achieve 


1800 


1600 


1400 


1200 


1000 





Fibrin Exposed 
eee Neutrophils 






\ Trypsin- Treated 
Control Neutrophils 


10 20 30 40 50 60 
Time (minutes) 


Fic. 2. The effect of pre-exposure of PMNs to fibrin on chemiluminescent 
response to opsonized zymosan. Trypsin-treated control celis without 
pre-exposure to fibrin showed equivalent reduction in chemiluminescence 
as fibrin exposed PMNs. 
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TABLE 2. Effect of Fibrin Exposure on Neutrophil Degranulation* 








Myeloperoxidase Lysozyme 
Treatment of Neutrophils (t (%) 
None 8.5 +417 13.24 3.1 
Trypsin 9.8+0.7 10.5 +413 
Fibrin followed by trypsin 10.0 + 0.84 1L + 0.6 








* Neutrophils are enmeshed in fibrin 400 mg% for 60 minutes at 
37 C. The clot is lysed with trypsin (2.5 mg/ml), and the neutrophils are 
tested for release of enzymes in response to formyl-methionyl-leucyl- 
phenylalanine plus cytochalasin B. Trypsin treated controls are exposed 
to trypsin (2.5 mg/ml) but not fibrin prior to testing for degranulation. 

+ Results expressed as mean per cent (+SEM) of enzyme released by 
sonication of an equal number of neutrophils. 

NS vs. untreated controls and trypsin controls. 


the chemiluminescent peak did not differ among groups. 
A representative example of these results is illustrated in 
Figure 2. 

Lysosomal enzyme release (Table 2). Exposure of 
PMNs to fibrin had no effect on the ability of PMNs to 
release myeloperoxidase or lysozyme following stimula- 
tion by FMLP and cytochalasin B. 

Phagocytic killing. The ability of PMNs to kill E. coli 
following a |-hour exposure to fibrin followed by trypsin 
is shown in Table 3. Bacterial killing was significantly 
impaired when compared to control (p < 0.01). However, 
even in the absence of fibrin, trypsin treatment of PMNs 
alone produced an equivalent reduction. These results 
suggest that the impaired PMN killing function (and also 
the reduced chemiluminescent peak) in the fibrin exposed 
group could be mainly attributed to PMN exposure to 
trypsin during lysis of the clot and that fibrin had no ir- 
reversible effect on human PMN phagocytic killing in 
vitro. 

Phagocytosis of 7H-E. coli by PMNs in the fibrin clot 
(Table 4). Fibrin significantly reduced the ability of PMNs 
to phagocytize °H-E. coli when the clot was formed from 
initial fibrinogen concentrations of 200 and 400 mg/dl (p 
< 0.02 for 200 mg/dl and p < 0.002 for 400 mg/dl). At 
the two lower fibrin concentrations tested, phagocytic up- 


TABLE 3. E. Coli Killing by Neutrophils Following 


Exposure to Fibrin* 





Neutrophil Treatment % Bacterial Killing 





None 89 +3 
‘Trypsin 71 + 6t 
Fibrin followed by trypsin 77 + 6T4 





* Neutrophils are clotted in fibrin (400 mg%) for 60 minutes at 37 C 
and then removed from the clot using trypsin (2.5 mg/ml) prior to testing 
for phagocytic killing of E. coli. Trypsin controls are treated with trypsin 
without pre-exposure to fibrin. Results represent mean per cent + SEM 
of at least five killing assays. 

+p < 0.01 vs. control (untreated neutrophils). 

$ Not significantly different from trypsin treated controls. 
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take did not differ from the control phagocytic mixture 
containing no fibrin. 


Discussion 


Microbial pathogens within the peritoneal cavity are 


' thought to encounter three categories of host defense 


we 


mechanisms: (1) Bacterial removal occurs via diaphrag- 
matic lymphatics that drain into the bloodstream via the 
mediastinal lymph nodes.” (2) Opsonization and phago- 
cytosis by leukocytes. results in bacterial killing in situ. 
(3) Sequestration mechanisms, including the deposition 
of fibrin exudates, are thought to wall off the infection. 

The former two mechanisms have been extensively 
studied. Mechanical clearance of bacteria from the peri- 
toneal cavity via the diaphragmatic lymphatics is the ear- 
liest and probably the most efficient defense mechanism, 
being able to reduce peritoneal cavity bacterial counts by 
greater than 50% within 30 minutes.*” Although this route 
fapidly lowers the bacterial numbers in the peritoneal 
cavity; it may not be strictly a defensive device, since it 
produces bacteremia. The second mechanism is thought 
to be the miost important. Phagocytosis by resident péri- 
toneal macrophages occurs promptly while phagocytosis 
by neutrophils is somewhat delayed since neutrophil influx 
is part of the acute inflammatory response that includes 
sloughing of the mesothelial lining’ and degranulation of 
peritoriéal mast cells with the release of various vasoactive 
substances, These substances enhance vascular perme- 
ability of the mesothelial venules, resulting in an out- 
pouring of protein-rich plasmia containing complement, 
seru opsonins, and fibrinogen. Opsonization of bacteria 
by serum opsonins and activated complement factors en- 
hances ingestion and killing by neutrophils recruited from 
the circulation. 

The role of fibrin séems to be ambivalent. Fibrin de- 
position results from enzymatic degradation of the fibrin- 
ogen-rich inflammatory exudate by thtomiboplastin re- 
leased from injured mesothelial cells.' Fibrin deposits help 
to wall off the perforated viscus from the peritoneal cavity 
as well as to sequester bacteria. This slows spread within 
the confines of peritoneal cavity and reduces bacteremia 
associated with the bacterial spill.’ The fibrin mesh i is fur- 
ther stabilized by a reduction in the release of fibrinolytic 
ehzymes by the mesothelial lining cells. 23,24 Ty essence, 
the final resolution of the infecting focus would seem to 
depend on the critical interaction between the phagocyte 
-and the bacterium within a fibrin-laden microenviron- 
ment. 

The. purpose of these studies was to elucidate furthet 
the: interrelationships of bacteria and neutrophils trapped 


ri together within a fibrin mesh. Under the conditions of 


these expériments, fibrin impaired the ability of neutro-= 
phils to kill: E. coli. This inhibition occurred in a dose 
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TABLE 4. Effect of Fibrin on Phagocytic Uptake of 7H-E. 








Coli by Neutrophils* 
Fibrin Concentration Phagocytosis (%) 
(mg/dl) (Mean + SEM) 
0 87,2422 
50 90.4 + 2.4 
100 87.4 +27 
200 70.9 + 5.1ł 
400 58.7 + 4.8 





* Neutrophils are incubated with 3H-E. coli for 60 minutes at 37 C 
in varying concentrations of fibrin. The clot is then lysed with trypsin 
and the neutrophils are separated from uningested 2H-E. coli by differ- 
ential centrifugation. Each is suspénded in scintillation liquid and 
counted. Per cent phagocytosis is an expression of counts associated with 
neutrophils divided by total counts, as per Lee et al. ah 

tp < 0.02 vs. control. 

tp < 0.002 vs. control. 


dependent fashion, with virtually complete prevention of 
killing in the higher dose range: Normal plasma fibrinogen 
levels range from 200-450 mg/dl and have béeri shown 
to increase to greater than 600 mg/dl in the traumatized 
patient.” Thus, the range of concentrations tested is likely 
a reasonable approximation of that present in clinical 
peritonitis. Furthermore, because of the ability of platelets 
to cause clot contraction in vivo,® the in vitro hydrated 
fibrin clots may underestimate the true fibrin concentra- 
tion présent in vivo. 

To investigate further the mechanism by which fibrin 
inhibited phagocytic killing of E. coli when trapped within 
the clot, we examined separately fibrin’s ability to impair 
intrinsic neutrophil killing functions and its ability to in- 
hibit phagocytosis of E. coli. Following exposure to fibrin 
anid removal from the clot, neutrophils degranulated ngi- 
mally in the presence of FMLP and cytochalasin B. These 
results were somewhat at variance with those found by 
Riddle et al.” These authors showed that exposure of 
néutrophils to a plasma clot caused loss of cytoplasmic 
granules when examined by electron microscopy. One 
explanation for this difference may be that the neutrophils 
studied in their experiments were exposed to the clot for 
3 hours as compared to a 1-hour exposure in our studies. 
In addition, microscopic examination of the cell may not 
adequately assess thè degree of degtanulation and the 
ability to degranulate further with the appropriate stimuli. 
Pre-exposure of neutrophils to fibrin reduced the phago- 
cytic killing capacity and the ability to generate a respi- 
ratory burst when compared to untreated cells, However, 
a control group of PMNs exposed to trypsin but not fibrin 
demonstrated similar impairment. These results suggest 
that neutrophil dysfunction in the fibrin-exposed groups 
can Be pritnarily attributed to tlie effect of trypsin expo- 
sure, and that fibrin per se had no detectable effect on 
PMN metabolism. 

Phagocytosis of *H-E. coli by PMNs was significantly 
impaired when enmeshed together within clots containing 
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fibrin at concentrations ranging from 200 to 400 mg/dl. 
These concentrations corresponded very well with those 
at which there was a marked reduction in PMN killing 
capacity. From these studies, it appears that the mecha- 
nism of fibrin inhibition of phagocytic killing of E. coli 
is related to impairment of phagocytosis rather than ir- 
reversible damage to the killing mechanisms of the neu- 
trophils. Whether the ability of fibrin to reduce phago- 
cytosis was due to its effect on bacterial opsonization, 
physical entrapment preventing neutrophil locomotion, 
or a direct inhibition of phagocytosis has not yet been 
critically examined. We favor the possibility that fibrin 
acts by physically entrapping the neutrophil within the 
mesh. Meade et al.” suggested that the enzymatic con- 
version of fibrinogen to fibrin was responsible for the abil- 
ity of lymph to inhibit macrophage migration. Wilkinson7® 
demonstrated that neutrophils migrated faster when 
moving parallel to a fibrin strand than when they had to 
cross these strands. Entrapment within a three-dimen- 
sional fibrin matrix may impair the neutrophil’s ability 
to negotiate its way towards the bacterium. However, the 
picture is not entirely clear since Martin and Chaudhuri,” 
as well as Elberg and Schneider,” showed that leukocytes 
could migrate perfectly well through clotted plasma. 
Clearly, further study is required to elucidate the mech- 
anism of fibrin’s inhibition of neutrophil batericidal ca- 
pacity. 

This in vitro demonstration of fibrin’s ability to impair 
host defense mechanisms is in agreement with the findings 
of several in vivo animal studies. Ahrenholz and Simmons 
demonstrated that E. coli enmeshed within fibrin clots 
allowed the bacteria to proliferate at a rapid rate seemingly 
unchallenged by host defenses so that residual abscesses 
formed.'° Several authors have shown that heparin ad- 
ministration prevented abscess formation using various 
models of abdominal sepsis. Furthermore, Rode- 
heaver et al.” clearly demonstrated that proteolytic dis- 
solution of an infected wound coagulum prevented ex- 
perimental infection. There are also clinical correlates of 
these phenomena. Open abdominal drainage with fre- 
quent re-exploration for debridement of fibrinous exu- 
dates and necrotic debris has achieved some success in 
the treatment of advanced peritonitis and intra-abdominal 
abscesses.’ Hudspeth”? advocated “radical debride- 
ment” of fibrinous exudates at the time of surgery for 
advanced peritonitis to reduce septic complications. Al- 
though Polk and Fry*® could find no improvement in 
clinical results when examining this technique in a ran- 
domized prospective study, they also advocated the prac- 
tice of suctioning out gross exudate and debridement of 
nonviable tissue as part of standard surgical therapy. 

In conclusion, these studies have shown that fibrin in- 
hibited phagocytic killing of E. coli by neutrophils. This 
appeared to be due to impaired phagocytosis rather than 
irreversible damage to the neutrophil’s intrinsic killing 
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mechanisms. These studies in combination with in vivo 
animal experiments emphasize the central role of fibrin 
in determining the host’s ability to resolve a septic focus 
and provide a rationale for at least “conservative” de- 
bridement of bacteria-laden fibrinous exudates and ne- 
crotic debris in patients with intra-abdominal sepsis. 
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Treatment of Colorectal Hepatic Metastases by 
Intrahepatic Chemotherapy Alone or as an Adjuvant 


to Complete or Partial Removal of 


Metastatic Disease 
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Because of the wide variation in reported benefits from the use 
of intrahepatic chemotherapy for colorectal hepatic metastases, 
the authors performed their own phase II studies comparing the 
use of intrahepatic chemotherapy alone and intrahepatic che- 
motherapy asan adjuvant to complete or partial removal of met- 
astatic colorectal cancer to the liver. Techniques for partial re- 
moval included unilateral and bilateral wedge resection, periph- 
eral presinusoidal embolization of the liver, and portal vein 
branch ligation. Patients were staged using the per cent hepatic 
replacement method of Pettavel and Taylor, and patients with 
bilateral metastases were included in the ‘study. Twenty-seven 
patients, mean age 60.3 years, were examined. There were 19 
males, mean’ age 60.4 years, and eight females, mean age 60 
years. The patients were divided into four groups. Group A had 
an implantable pump only; Group B had an implantable pump 
and resection; Group C had an implantable pump and arterial 
embolization and portal vein brarich ligation; ‘and Group D had 
an implantable pump, partial resection, arterial embolization; 
and portal vein branch ligation. Kaplan-Meyer survival curves 
were calculated for all of these groups. A séparate analysis was 
carried out for each of the stages, and a comparison was made. 
The study indicated that the overall median survival time was 
18 months and that the more radical the treatment in addition 
to chemotherapy, the better the results. Such results were not 
totally dependent on the staging of fhe tumor volume but were 
dependent on the degree of extirpation of the tumor. In Group 
C, consisting primarily of Stage Ha, İlla, and IV patients (i.e:, 
unresectable patients), a doubling of expected median survival 
to 12 moriths could be achieved, compared to those in Graup A, 
which achieved a median survival of only 6 months. 


from colorectal cancer have hepatic metastases and 
the median survival time is only 6 months after 
diagnosis, an aggressive approach is rational.'* Bolus sys- 
temic chemotherapy with fluorouracil (SFU®) has not had 


S 80% of the 55,000 patients who die each year 
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any significant effect on survival time.? Continuous in- 
travenous chemotherapy given percutaneously has only 
slightly better results,!° Intra-arterial hepatic chemother- 
apy was initiated in the 1950’s but.technical problems 
initially outweighed the slightly increased benefits of this 
approdch.!'!? Use of the Silastic® catheter and the Infu- 
said® pump has been very popular for intra-arterial che- 
motherapy with over 5000 implantations to date. How- 
ever, the initial claimed responses of over 80% have not 
been upheld in more recent publications.'*!* 

' Since 1980 we have been performing phase II studies 
comparing the use of intrahepatic chemotherapy alone 
and intrahepatic chemotherapy as an adjuvant to com- 
plete or partial removal of metastatic colorectal cancer to 
the liver. Techniques for partial removal have included 
unilateral and bilateral wedge resection,'* peripheral pre- 


~< 


4 


N 


sinusoidal embolization of the liver, 16 and portal vein 


branch ligation.!” 

Because correlation is only possible after staging, as 
pioneered by Pettavel!® and Taylor,'® we have not ex- 
cluded patients with bilateral metastases but have calcu- 
lated stage by tumor volume. 


Material and Methods 


Twenty-seven patients with hepatic metastases from 
colorectal cancer treated at the Westchester Medical Cen- 
ter, New York Medical College, from April 1980 to May 
1985, were entered into the study. The age range of the 
studied patients was 40-70 years (mean: 60.3 years), and 
there were 19 males, age range 40-71 years (mean: 60.4 
years), ahd eight females, age range 48-70 years (mean: 
60 years). All patients were ambulatory with an Eastern 

















Vol, 203 + No. 4 COLORECTAL HEPATIC METASTASES 421 
TABLE 1. Treatment Groups TABLE 2. Distribution of Patients by Gender and Stage 
Arterial Portal Vein Stage 
Group Pump Resection Embolization Branch Ligation 
Group Total Male Female H Ha M Ha IV 
A + 
B + + A 6 3 3 4 2 
C + + + B HI 8 5 6 3 2 
D + + + + C 4 4 l 2 1 
D 6 2 4 2 l 3 





Cooperative Oncology Group (ECOG) performance score 
of three or less and could withstand laparotomy. None of 
the patients were jaundiced as a result of tumor volume, 
and none of the 27 patients had ascites. Only one patient 
was thought before operation to have extrahepatic disease. 
Appropriate scans and radiologic studies were carried out, 
and then transarterial hepatic angiography was done in 
all patients. When possible, a dynamic hepatic comput- 
erized tomography (CT) scan was performed during the 
portal phase of a selective superior mesenteric artery in- 
jection. This maximized the differences in attenuation 
between normal parenchyma and tumor, improving lo- 
. calization of metastatic deposits. Carcinoembryonic an- 
tigen levels and liver chemistry values were obtained. 

The patients were staged using a combination of ra- 
diography and direct exploration at laparotomy. The 
staging system used by us was a refinement of the Percent 
Hepatic Replacement (PHR)'®!? system. 


Stage I PHR less than 25% 
Stage H PHR 25-75% 

Stage IH PHR more than 75% 
Stage IV Extrahepatic disease 


Each stage had a subset “a,” which denoted that the 
situation of one of the tumors was such that it was deemed 
unresectable. This was usually because the tumor was 
contiguous with the hepatic veins or the inferior vena 
cava. 

After staging, patients were allocated to one of four 
treatment groups (Table 1), which was dependent on the 
anatomical location of tumor. The aim was to remove or 
debulk tumor whenever possible and then treat by intra- 
hepatic chemotherapy. 

All but two patients received an Infusaid pump (Model 
400, Infusaid Corp., Norwood, MA). These two patients 
had intra-arterial catheters placed, and an external pump 
was used to give continuous chemotherapy. This regimen 
consisted of floxuridine, starting at a dose of 0.1 mg/kg 
per day and working up to 0.3 mg/kg per day over a period 
of 14 days each month. Mitomycin C was used as an 
adjuvant therapy later in the patient’s course if failure to 
maintain response from floxuridine was demonstrated. 

Table 2 indicates the distribution of our patients by 





gender and stage in the various groups. In Group B com- 
plete resection was achieved in all Stage II patients. Partial 
resection (debulking) was carried out in the remainder. 


Results 


The survival curve for all 27 patients is shown in Fig. 
1. The median survival time was 18 months from the 
time of our initial treatment. 

In Table 3, the distribution of patients by stage, follow- 
ing laparotomy, is analyzed. We had no patients in this 
study with small lesions, that is no Stage I or Ia patients. 
Also, there were no patients with Stage HI disease who 
were resectable. The performance status of all our patients 
was good, although nearly three-quarters of them had bi- 
lateral hepatic metastases. Average survival of Stage II 
patients was over 2! years after we initiated treatment, 
but for Stage Ila and Hla disease it was similar at 10 
months. When extrahepatic disease existed, survival was 
reduced to 6 months. 

In Table 4, the Stage II patients are analyzed in more 
detail. Eighty-three per cent of them had synchronous 
liver metastases, and they were referred for treatment on 
an average of 3 months after diagnosis. Two-thirds of them 
were still alive at the time analysis for this paper closed. 

In Table 5, the Stage Ila patients are analyzed. Sixty 
per cent of them had synchronous metastases, and the 
average survival of these people after primary cancer re- 


100 


TSh 


(Sy 
O 





% Surviving 


25F 


3 6 9 12 15 18 24 57 
Time (months) 


Fic. 1. Kaplan-Meyer survival curve for all patients in the study. 
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TABLE 3. Distribution of Patients by Stage, Following Laparotomy 
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TABLE 5. Analysis of Stage Ha* 








Average 
# of Mean Bilateral Survival 
Stage Patients Performance % (months) 
I 0 
Ta 0 
H 6 0 66.6 31 
Ha 10 0.6 75 9.3 
Hl 0 
Hia 3 I 0 10 
IV 8 0.75 66.6 6 





section is 8 months less than Stage II patients. These pa- 
tients also waited a mean of | year before being referred 
for aggressive management by us. Over half of these pa- 
tients were alive at the end of the study. 

Table 6 demonstrates that all our Stage Illa patients 
had metachronous disease and were referred fairly soon 
after diagnosis. They achieved a 4-year survival from the 
time of primary cancer resection. 

Table 7 demonstrates an even greater survival of nearly 
5 years from primary colon surgery. There is an even 
distribution of synchronous and metachronous disease, 
and the patients were referred 6 months after diagnosis, 
but only one-quarter remained alive at the end of our 
analysis. 

Treatment was provided on pre- and perioperative an- 
atomical distribution of tumor and was not dependent 
on extent or stage. Treatment was based on intrahepatic 
chemotherapy, but, when possible, tumor was also re- 
moved or debulked or devascularized. 

Analysis was done by construction of survival curves 
using the Kaplan-Meyer method”! and by comparison of 
results for each group. 

Group A patients were treated using the Infusaid pump 
only. There was one complete responder. Mean survival 
was 6 months, with only one-third of the patients surviving 
longer. 

When Group B, containing patients who had partial 
or complete resection and the pump, is analyzed, most 


TABLE 4. Analysis of Stage II Patients 








RX PCR DX SY M REF S 
57 59 59 T 2 DWD 
46 55 53 + 9 AWD 
34 35 35 + l AWD 
2I 24 24 + 3 DWD 
20 35 21 + l AWD 
9 12 12 + 3 ANED 





RX PCR DX SY M REF S 
17 2i 2i + 4 DWD 
12 36 36 + 24 DWD 
H 42 23 + 12 AWD 
10 36 13 + 3 AWD 

9 37 37 + 28 AWD 
9 18 18 + 9 AWD 
7 18 18 + HI AWD 
7 9 9 + 2 AWD 
6 39 22 + 16 DWD 
4 19 12 + 8 DWD 





* See Table 4 for definition of abbreviations. 


of these patients are in Stage II, but there were two patients 
who had Stage IV disease. One of them died 2 months 
after liver surgery, and the other one was alive over 10 
months later. Because of prolonged patient survival, a 
median survival time could not be calculated for this group 
(Fig. 2). Further, there is clearly a significant difference 
between Group A and B with the p value of 0.0186 for 
the Wilcoxon test and 0.0079 for the Savage test. The 
longest survivor died with disease at 57 months after her 
first liver resection. A second resection was done 2 years 
before her death. 

In those Group B patients who, because of the anatom- 
ical localization of disease, could only undergo partial re- 
section, the median survival was | year. This was signif- 
icantly better than the Group A patients with similar stag- 
ing who were treated only by intrahepatic chemotherapy. 
The completely resectable Group B patients did far better 
with only one death at 21 months and the second at 57 
months. 

Group C contained those patients who had hepatic ar- 
tery embolization and portal vein branch ligation in ad- 
dition to the pump. The staging of the patients in this 
Group was slightly worse than in Group A. The median 
survival again could not be calculated, as more than 50% 
of the patients were still alive at the conclusion of the 
study, but there was no significant difference in the sur- 
vival curves for Groups A and C (Fig. 3). Two of these 
patients were complete responders. 

When a further debulking is done by adding partial 
resection to hepatic arterial embolization, portal vein 
branch ligation, and the pump, as in Group D, median 


TABLE 6. Analysis of Stage [Ha* 





RX = Survival in months from time of our initial treatment: PCR 
= Survival in months from primary cancer resection: DX = Survival in 
months from diagnosis of liver metastases; SY = Synchronous liver me- 
tastases. M = Metachronous liver metastases; REF = Months between 
diagnosis of liver metastases and referral; S = Status; DWD = Dead with 
disease; AWD = Alive with disease; ANED = Alive, no evidence of 
disease. 





RX PCR DX SY M REF S 
2 47 14 ct 2 AWD 
10 50 15 + 5 DWD 
8 46 12 + 4 DWD 





* See Table 4 for definition of abbreviations. 
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TABLE 7. Analysis of Stage IV* 


RX PCR DX SY M REF s 
10 27 14 + 4 AWD 
9 129 22 + 13 DWD 
7 9 9 + 7 DWD 
7 47 23 + 16 AWD 
6 234 8 + 2 DWD 
4 6° 6 + 2 DWD 
3 4 4 + 1 DWD 
2 7 + 5 


* See Table 4 for definition of abbreviations. 


survival of 12.1 months was achieved (Fig. 4), although 
the staging of these patients is similar to those in Groups 
A’and C. There were three complete responders. Again, 
the generalized Wilcoxon and Savage nonparametric 
methods were used to compare Groups A and D. Ac- 
cording to the Wilcoxon test, there was a significant dif- 
ference with a p value of 0.0994, but this was not con- 
firmed by the Savage method where the p value was 
0.2718. 

All patients who survived long enough developed 
chemical. hepatitis, which was diagnosed by increases in 
transaminases that decreased when chemotherapy was 
stopped. Transient jaundice developed in four patients. 
Two of these: had strictures of the upper portion of the 
common hepatic duct, but it cannot be proved at ‘this 
point if these strictures were secondary to treatment, as 
suggested by Johnson and Rivkin." Unlike Daly et al.,!? 
only one patient in this series developed a peptic ulcer, 
which could not be treated by Tagamet®. This patient. had 
the pump catheter redirected to the subclavian vein. ` 

We have not had to operate for cholecystitis, and we 
have not made it a routine to remove gallbladders during 
placement of catheters or before embolization of the right 
lobe of the liver. We have found that thé patient does 
develop a chronic ischemic cholecystitis i in response to 
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Fig, 2. Survival curves comparing Groups A and B. 
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Fic, 3. Survival curves comparing Groups A and C. 


embolization, and this may necessitate cholecystectomy 
during implantation of the pump: catheter. 

Only the nonresponders clearly died of advancing tu- 
mor within the liver. At the time of déath, 12 patients 
had extrahepatic disease. This was commonly i in the lung 
and the bone marrow. One patient died. of brain metas- 
tases. In those patients who died of extrahepatic disease, 
two had no evidence of any metastatic cancer in the liver. 


Discussion 


Implanted pumps for chemotherapy of colorectal me- 
tastases to the liver are very popular with patients. How- 
ever, we have been less than convinced by the early pub- 
lications in which response rates of 80% were claimed, 
and the survival time has: been difficult to decipher from 
these papers. We prefer to determine survival time 
from the. moment of implantation of the pump. ‘Another 
difficulty has been i in comparing the various papers, be- 
cause it was not known if patients of comparable staging 
were Peng compared, Theron the wide, variety of re- 


ian, 


ae 


@— Group A 
o—--0 Group D 
75 ' 


A 
‘Oo 


“% Surviving 


25 





34 5 6 12 7 
Time (months) 


Fic. 4, Survival curves comparing Groups A and D. 
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sponse noted in the literature may be due to patient se- 
lection rather than any benefit from intrahepatic che- 
motherapy or the use of the pump itself. 

The best results occur in patients in whom no more 
than 30% of the liver is involved, but these patients can 
often be resected in any case. Further, because the results 
get worse with increasing involvement of the liver, we 
have essentially used the pump group as a control, and 
we have tested the addition of the other modalities against 
this. Our results indicate no clear benefit in patients treated 
by the pump alone (Group A), and this was not because 
they had more extensive disease than the others. In pa- 
tients staged similarly in Group C, we demonstrated a 
doubling of survival time by adding arterial embolization 
and portal vein branch ligation. 

In hepatic tumors, measurement of partial responses is 
difficult, but a yardstick is survival time. Our feeling was 
that patients who did not survive much beyond 3 months 
from implantation of the pump did not have the course 
of their disease changed by this method of management. 
However, this failure to respond only occurred in four 
patients out of our total. On the other hand, one patient 
in Group A did have a total response to treatment with 
the pump, although, in this group alone, the median sur- 
vival time was no different from that obtained by con- 
ventional management of patients by chemotherapy. 

Since the overall median survival time for our study 
group was 18 months, it appeared that further treatment 
techniques in addition to the pump were of benefit. When 
each approach was analyzed, it was clear that the more 
active the intervention, the better the results. This was 
particularly notable in Group B, where the volume of 
disease was similar in those who had complete resection 
and in those who had partial resection. However, there 
did not appear any statistical difference in these patients 
whether they had unilateral or bilateral disease. In fact, 
in our overall study, two-thirds of the patients did have 
bilateral disease. Our results, in general, indicated that the 
median survival times were doubled by the addition of 
an active method of treatment, but the effect of the pump 
alone was questionable. 

We would therefore recommend that all patients have 
active intervention, ranging from embolization to com- 
plete resection in addition to implantation of the Infusaid 
pump. This approach was of benefit to our patients who 
survived longer than 3 months because not only was life 
prolonged but good quality of life was achieved out of the 
hospital, with the patient’s performance status usually be- 
tween 0 and 1 on the ECOG scale. 

Most patients who presented to us with Stage II disease 
had timely referral patterns and did well. However, when 
the tumors were situated in unresectable positions and 
yet were small in volume, the time from diagnosis of the 
liver metastases to referral was unacceptably long in nearly 
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half our cases. It seemed that delaying as long as a year 
removed any chance of a 5-year survival in this group. 

In patients with Stage Ila disease, we found that they 
all developed metachronous tumor, having survived for 
nearly 3 years following the primary cancer resection. 
Again, in the Stage IV patients, a delay in referral appeared 
to be fatal. 

Our results indicate that we did not have significant 
problems following implantation of the pump. Like other 
authors, we have paid careful attention to avoid gastroin- 
testinal perfusion; thus, we have not had to be concerned 
with gastritis and peptic ulcer formation. We have not 
found a high incidence of hepatic artery thrombosis, and 
only one of our cases had biliary sclerosis of the junction 
of the right and left hepatic ducts. Nonetheless, chemical 
hepatitis did seem to be universal. 

We do emphasize that there is high rate of recurrence 
of metastases in the extrahepatic situation if treatment is 
stopped in this group of patients. Therefore, at the first 
sign of chemical hepatitis, we have reimplanted the cath- 
eter into the superior vena cava so that systemic che- 
motherapy can be given. This has reduced the chemical 
hepatitis and, we hope, will reduce the development of 
systemic metastases. 


Summary 


Twenty-seven patients with colorectal cancer metastatic 
to the liver were treated by intrahepatic chemotherapy 
using an implanted pump in association with other mo- 
dalities of treatment. The regional chemotherapy consisted 
of floxuridine, and this was given for 2 weeks out of 4. 
Six of the patients (Group A) were treated in this way 
alone; the other patients had some other form of treatment 
as well so that in Groups B, C, and D infusional che- 
motherapy was adjuvant. Our study indicated that the 
more radical the treatment in addition to chemotherapy, 
the better the results. Such results were not totally depen- 
dent on the staging of the tumor volume but were depen- 
dent on the degree of extirpation of the tumor. Even in 
Groups B and C, which consisted primarily of Stage Ha, 
Illa, and IV patients (7.e., unresectable patients), a dou- 
bling of expected survival to 12 months could be achieved, 
compared to Group A. 

It is therefore suggested that infusional intrahepatic 
chemotherapy for colorectal metastases to the liver is in- 
adequate and that the addition of other modalities are 
required to improve survival. 
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From 1968-1976, 412 patients were operated on for rectal can- 
cers. One hundred fifty-six underwent abdominoperineal resec- 
tion (APR) and 256 underwent low anterior resection (LAR). 
One hundred ninety-two underwent en bloc pelvic lymphadenec- 
tomy in conjunction with their resection, while 220 patients un- 
derwent more conservative or conventional resection. Thirty-day 
hospital mortality was 1.7%. The cancer-related 5-year survival 
was 58.8% for all patients. The proportion of patients surviving 
5 years after LAR (62.8%) was significantly better than those 
surviving after APR (52.4%), p = 0.008. Statistically significantly 
superior survival was observed after extended dissection when 
compared to conventional resections in Dukes’ A, B, and C pa- 
tients as a whole (63.8 and 54.3%) and in Dukes’ C patients in 
particular. Superiority of en bloc pelvic lymphadenectomy versus 
conventional resection was observed in all cases of Dukes’ Stage 
C, Astler-Coller Stage C,, Level II (adjacent) lymph nodes, and 
Level I (proximal) lymph nodes and was most effective in com- 
bination with sphincter-preserving operations. Patient groups 
were compared for bias and/or case selection, using both con- 
tingency tables and Cox-based multiple covariant linear regres- 
sion analysis, and none was found. In the face of current adjuvant 
therapy, which is of questionable benefit and which carries its 
own treatment morbidity, en bloc pelvic lymphadenectomy is 
advocated as an adjunct to the curative operations for rectal can- 
cer. To improve the overall benefit, patients can be selected for 
pelvic lymphadenectomy as an adjuvant to resection when pre- 
operative examination suggests that the rectal cancer penetrates 
the bowel wall. Accurate preoperative staging may help to define 
a more restricted group of patients warranting (pelvic lymph- 
adenectomy) (PLND). A control randomized trial of the effec- 
tiveness of PLND is appropriate to further test its value. 


HE SURGICAL TREATMENT of rectal cancer is the 
subject of continued debate. Two subjects are 
frequently at the center of such debate. These are 

(1) the role of sphincter preservation versus the need for 
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permanent colostomy, and (2) the extent of pelvic dis- 
section in relation to enhanced survival. In 1974, Stearns 
demonstrated that there is no advantage to abdomino- 
perineal resection either in terms of survival or the pre- 
vention of pelvic recurrence when compared with the 
treatment of midrectal cancer by sphincter-preserving 
operations.’ The value of abdominoperineal resection was 
clearly defined for low rectal cancer. Since that time, other 
publications have corroborated these data.” Less clearly 
defined is the appropriate extent of pelvic dissection in 
the surgical management of primary rectal cancer. In 
1959, Stearns and Deddish examined the role of the ab- 
dominopelvic lymphadenectomy in the management of 
rectal cancer. Among Dukes’ C patients, the 5-year sur- 
vival for the extended operation was 40%, while the 5- 
year survival for the patients undergoing conventional re- 
section was 23%. While these data were not statistically 
significant because of small numbers, the suggestion of 
clinical superiority prompted others to examine the role 
of extended resections in rectal cancer. Several subsequent 
publications have failed to define an appropriate pelvic 
dissection due either to limitations of clinical data or to 
subjective surgical definitions. 

In this paper, we address ourselves to these two main 
issues, i.e., defining the extent of pelvic dissection in pa- 
tients undergoing either sphincter-preserving operations 
or abdominoperineal resection for rectal cancer. 


Materials and Methods 


From 1968 through 1976, 412 patients with curable 
adenocarcinoma of the rectum underwent low anterior 
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resection (LAR) or abdominoperineal resection (APR) on 
the Rectum and Colon Service at the Memorial Sloan- 
Kettering Cancer Center. An additional group of 18 pa- 
tients who had resections with pull-through reconstruc-| 
tions will be considered separately. The mean age of the 
tients was 61.4 years. There were 231 males (56.1%) 
and 181 females (43.9%). Three hundred ninety-two pa- 
tients (95.1%) were white, nine (2.2%) were black, and 11 
others (2.7%) were of different racial backgrounds, mainly 
Oriental. Twenty-one patients (5.1%) had a previous his- 
tory of cancer, five patients (1.2%) had inflammatory 
bowel disease, and two patients (0.49%) had polyposis 
coli. Fifty-five of 412 patients (13.4%) had a family history 
of large bowel cancer. 
The rectum was defined as measuring from 0-11 cm 
from the anal verge. As in prior reports,’ cancers were 
identified as being located in the low rectum (0-5 cm) or 
in the midrectum (6-11 cm), based on preoperative mea- 
surement by rigid proctosigmoidoscopy in Sim’s position. - 
By these definitions, 141 patients (34.2%) had low rectal 
cancers, 217 patients (52.7%) had midrectal cancers, and 
54 patients (13.1%) had lesions above 11 cm. The latter, 


ps while originally coded as rectal cancers, are included in 


this study for comparison of survival and recurrence pat- 
terns. In view of the more favorable prognosis for high 
lesions, these patients are strictly excluded from survival 
analysis. 

. All tumors were staged according to three staging sys- 
tems; the Dukes’ Classification (1932),* the Modified 
Dukes’ Classification of Astler and Coller (1954),° and 
the Modified Dukes’ Classification of the Gastrointestinal 
Tumor Study Group (GITSG) (1976).° The Astler-Coller 
system combines the prognostic significance of the degree 
of mural penetration and/or lymph node involvement, 
while the GITSG classification places greater prognostic 
significance on the number of involved lymph nodes (C, 


ra = [-4 positive nodes, C} = 5 or more positive nodes). 


One hundred fifty-five patients (37.6%) had Dukes’ C rec- 


tal cancers (Table 1). There was a 41.1% incidence of -. 


Dukes’ C lesions in the low rectal cancers. 

The histologic grade of the tumor or its degree of dif- 
ferentiation was reported in 269 cases. Of these, 234 
(87.0%) were grade II, while seven (2.6%) were grade I, 
and 28 (10.4%) were considered grade III. 

One hundred fifty-six patients (37.9%) underwent ab- 
dominoperineal. resection (APR), while 256 patients 
(62.1%) underwent anterior (AR) or low anterior resection 
(LAR). Dukes’ stage did not appear to influence the choice - 
of operation. One hundred twenty-five of the 141 patients 
with low rectal cancers underwent APR (88.7%), while 
187 of 217 patients with midrectal cancers (86.2%) un- 


“# derwent LAR (Table 2). 


To determine the influence of pelvic lymphadenectomy 
on survival, the 412 patients were divided into those un- 
dergoing extended resections versus those undergoing 
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TABLE 1. Stage of All Primary Rectal Cancers by Duke’s and by 
Modified Dukes’ Classifications 


No. % No. % No. % 
A 137 (33.3) A 5 (1.2) A 5 (1.2) 
B 120 (29.1) B, 132 (32.0) B, 132 (32.0) 
Cc 155 (37.6) B -120 (29.1) B 120 (29.1) 
Ci 53 (12.9 C 120 (29.1) 
Cc, 102 (24.8) C 33 (8.0) 
Total 412 (100.0) 412 (100.0) 410 (100.0)* 





* In two cases, the number of involved lymph nodes is not retrievable. 


more or less conventional resection. Extended resection 
was objectively defined as a documented aortoiliac pelvic 
lymphadenectomy (PLND) performed en bloc with the 
excision of the rectum and its mesorectum. This dissection 
includes the nodes caudad to the aortocaval bifurcation 
and along the common iliac arteries and veins and the 
internal iliac and middle hemorrhoidal branches of the 
pelvic blood supply. While the mural branches of the pel- 
vic sidewall were clearly visible after dissection, no attempt 
was made to dissect nodes between or lateral to vessels, 
as within the obturator spaces. Conventional resections 
were considered to be anything less than a defined pelvic 
lymphadenectomy. While the conventional resection 
might include greater or lesser degrees of pelvic dissection, 
attempts to further subdivide these definitions are in- 
variably subjective and were therefore abandoned. 

Of 412 patients, 192 were classified as having undergone 
an en bloc or extended pelvic lymphadenectomy (46.6%), 
while 220 cases (53.4%) were defined as conventional re- 
sections. Neither site of the primary tumor, sex, nor op- 
eration (APR vs. LAR) seemed to influence the choice of 
extended versus conventional resection (Table 3). Overall, 
the age of the patient did influence the selection of op- 
eration, with 102 of 171 patients below the age of 60 
(59.6%) undergoing extended resection. For patients 60 
years of age or older, 151 of 241 (62.6%) underwent con- 
ventional resections. Significantly, no difference in age 
was observed in Dukes’ C patients undergoing conven- 
tional versus extended resection (60 + 10 years, and 61.8 
+ 10 years, respectively). 


TABLE 2. Utilization of Operation in 412 Cases of Rectal Cancer by 
Distance of the Primary Lesion from the Anal Verge 











Low (141 Mid (217 High (54 
Patients) Patients) Patients) 
0-5 cm 6-11 cm >11 cm 
No. (%) No. (%) No. (%) . 
APR 125 (88.65) 30 (13.82) 1 (1.85) 
LAR 16 (11.35) 187 (86.13) 53 (98.15) 
Total 141 217 54 
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TABLE 3. Selection of Extended versus Conventional Resection Based 
on Sex or Site of the Primary Tumor 





Height of Primary Tumor 





Low* Midt High 


Male Female 0-5 cm 6-li cm >Il cm 





Resection No. k No. % No. % No. % No. % 
Extended 103 (53.7) 89 
Conven- 

tonal 128 (58.2) 92 (41.8) 70 (49.8) 108 (49.8) 42 (77.8) 





(46.3) 71 (50.4) 109 (50.2) 12 (22.2) 





* 89% APR; + 86% LAR. 


Patient survival was examined by comparison of de- 
terminate 60-month and !20-month survival rates. Sur- 
vival was measured as the interval from initial resection 
to last follow-up contact and dichotomized at 60 months. 
For any given analysis, predictor variables were likewise 
dichotomized producing a 2 X 2 table, which was ex- 
amined via the chi square statistic. All chi square results 
are based on one degree of freedom. All statistical analyses 
reflect determinate survival. 

The use of 60-month determinate survival tends to 
produce a lower and consequently a more conservative 
survival rate than is generated by the product limit (ac- 
tuarial) method. This lower survival may represent a more 
stringent test of our findings. 

In addition to the above examination of individual 
variables using contingency tables, a Cox-based regression 
analysis was performed, using the Proportional Hazards 
General Linear Model.” A forward, stepwise, all variable 
search approach was used, evaluating incremental pre- 
dictive power for individual variables achieving 0.05 sig- 
nificance. Thirteen treatment and covariate factors were 
examined, including age, sex, distance of the primary tu- 
mor from the anal verge, presence or absence of lymph 
node metastases at level I, H, or HI in relation to the pri- 
mary tumor, preoperative irradiation, distal margin of 
resection, GITSG Stage C, (one to four positive nodes), 
and Stage C, (five or more positive nodes). histological 
degree of differentiation, operation performed (low an- 
terior resection vs. abdominoperineal), and presence or 
absence of pelvic lymphadenectomy (PLND). The analysis 
was performed twice, once on the entire series and a sec- 
ond time for Dukes’ C cases only. 


TABLE 4. Cancer-related Determinate 5-Year Survival 
by Stage of Disease 








Dukes Astler-Coller Gitsg 
A 84.4% A 100.0 A 100.0 
B 57.6% B, 83.9 B, 83.9 
Cc 37.1% B, 57.6 B, 57.6 
C, 58.8 C; 42.7 
C: 26.4 C 22.6 
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Patterns of rectal cancer recurrence were examined in 
the same population and are previously reported.? For 
this study, patterns of pelvic recurrence were recorded as 
anastomotic or perianastomotic (potentially resectable) 
or recurrences involving any combination of sidewall or 


sacrum. Survival was examined by stage and site of tumor, J 


by operation performed (APR vs. LAR), and by the extent 
of pelvic dissection at each site and for each operative 
procedure. 


Results 


The 30-day hospital mortality for all 412 patients was 
1.7%, with seven deaths. Total hospital mortality (8/412 
patients) was 1.9% and did not differ by extent of resection. 
Eighteen patients were lost to follow-up (4.4%). In the 
first 5 years of follow-up, 30 patients died of causes un- 
related to cancer. Three hundred fifty-four patients are 
thus available for 60-month determinate survival analysis. 
The absolute 5-year survival, including deaths other than 
cancer for all patients undergoing LAR or APR, was 54.2% 
(208/384). The cancer-related determinate 5-year survival 
was 58.8% (208/354). The cancer-related 5-year survival 
for all patients by stage appears in Table 4. For the classical 
Dukes’ Staging, the absolute 5-year survival was: Dukes’ 
A—80.5%, Dukes’ B—47.7%, and Dukes’ C—35.9%, 
while the cancer-related (determinate) 5-year survival fig- 
ures were: Dukes’ A—84.4%, Dukes’ B—57.6%, and 
Dukes’ C—37.1%. The determinate 5-year survival for 
all patients undergoing LAR was 62.8%, which was sig- 
nificantly better than the survival of patients undergoing 
APR (52.4%; p = 0.008). Similarly, the 5-year survival 
by distance of the lowest tumor edge from the anal verge 
was 75% for lesions above 11 cm, 58.8% for midrectal 
cancers, and 51.3% for low rectal cancers. The cancer- 
related 5-year survival of patients according to Dukes’ 
stage and by operation performed is as follows: for ab- 
dominoperineal resection, Dukes’ A (33/41) 80.5%, 
Dukes’ B (18/34) 52.9%, and Dukes’ C (15/51) 29.4%; 
for low anterior resection, Dukes’ A (70/81) 86.4%, Dukes’ 
B (35/58) 60.3%, and Dukes’ C (37/89) 41.6%. The sig- 
nificant differences in survival attributable to low anterior 
resections are not due to any bias in stage distribution. 

The survival of patients according to the extent of pelvic 
dissection was next examined. The overall 5-year survival 
of those patients undergoing pelvic lymph node dissection 
was 63.8% (106/166), which was significantly better than 
the survival of patients undergoing any lesser procedure, 
i.e., 54.3% (102/188) (p = 0.026 by Cox Regression). A 
Statistically significant enhancement of survival is not seen 
in Dukes’ stage A or B. This survival advantage for pelvic 
lymphadenectomy is observed in stages C, of both Astler- 
Coller (81% vs. 41%) and the GITSG Modifications of 
the Dukes’ Classifications (54% vs. 33%) (Table 5). For 
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both low and midrectal cancers, the overall 5-year survival 
is 46.4% (26/56 patients) versus 26.6% (17/64 patients) 
(p = 0.024). 

The significant survival advantage in Dukes’ C is mainly 
observed in those patients undergoing sphincter-preserv- 


a ing operations, with statistical significance observed in the 


4% 


group undergoing LAR (Table 6). For Dukes’ C midrectal 
cancer treated by LAR with no preoperative irradiation, 
the survival advantage was even greater. Sixteen of 26 
patients with an en bloc pelvic lymphadenectomy (61.5%) 
survived 5 years as opposed to only five of 25 patients 
(20%) of those undergoing the conventional resection 
alone (p = 0.0026). 

A further analysis was performed by site of metastatic 
nodal involvement in Dukes’ C patients undergoing LAR. 
At Memorial Hospital, the location of positive nodes in 
the mesorectum has been traditionally designated by levels 
in relation to the primary tumor; level II nodes are those 
adjacent to the primary tumor with level I nodes being 
proximal (or cephalad) and level III nodes being distal (or 
caudad) to the tumor’s margins. Of the 51 patients in this 
category (Dukes’ C, LAR, midrectum), 46 had level II 
nodes, 15 had level I nodes, and 4 had level HI nodes 
positive for tumor. Eight patients were positive at both 
levels I and II. The mean number of documented lymph 
nodes in extended resection specimens was 16 versus 10 
nodes counted per conventionally resected specimen. For 


_ patients with level I node involvement, 50% of patients 


with PLND were alive at 5 years versus 14% of those with 
conventional resections. At level II, the strongest influence 
was observed, with 54% (13/24) of patients alive in the 
radically treated group versus only 4.7% (1/22) in the 
group conventionally operated on (p = 0.0001). Thus, the 
major survival benefit of PLND is observed in those pa- 
tients whose positive nodes are located in the immediate. 
vicinity of the primary cancer, i.e., the vast majority of 
patients. These data should not be confused with the issue 
of treatment for positive extramesenteric nodes (i.e., the 
hypogastric nodes). 

The pathologist’s estimate of the distal margin of re- 


section in the unpinned fresh specimen (generally thought - 


to represent 33-50% shrinkage) was also examined in re- 
lation to survival and pelvic recurrence rates. Trend data 
were evident in Dukes’ B lesions where a distal margin 
of resection less than 3.0 cm was associated with a 46.4% 
5-year survival (13.28 patients), compared to 73.3% (22/ 
30 patients) where the distal margin was 3.0 cm or longer. 
By chi square analysis, the p-value was 0.068 and by Fish- 
er’s exact test, 0.059, both suggestive but not conclusive 
for a statistical difference. In Dukes’ A disease, no such 
difference was either expected or observed, and in Dukes’ 
C. disease the presence of positive nodes far outweighed 
any independent influence of thé estimated distal margin. 

The extended versus the conventional groups were ex- 
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TABLE 5. Cancer-related Five-Year Survival by Extent 





of the Lateral Pelvic Disease* 
Pelvic Lympha- Conventional 
denectomyt Resectiont p Value 
Dukes A 56/66 84.9 47/5% 83.9 N.S. 
B 21/40 52.5 32/52 61.5 N.S. 
C 29/60 48.3 23/80 288 p= 0.03 
Modified A 3/3 100.0 1/1 100.0 N.S. 
B, 53/63 84.1 — 46/55 (83.6 NS. 
B, 21/40 52.5 32/52 61.5 NS. 
C 17/21 81.0 12/29 41.4 p=0.005 
Cı = 12/39 30.8 11/51 21.6 p=0.06 
GITSG A 3/3 100.0 1/1 100.0 NS. 
B, 53/63 84.1 46/55 83.6 NS. 
-B, 21/40 52.5 32/52 61.5 N.S. 
C, 26/48 54.2 20/61 32.8 p= 0.02 
C, 3/12 25.0 3/18 16.7 p= 0.06 


* Overall 5-year survival of Dukes’ C Rectal Cancer (0-11 cm), ex- 
tended resections, 25/56 patients (46.4%) vs. conventional resections 
17/65 (26.6%). All cases above 11 cm excluded. 

t Defined as aortoiliac lymphadenectomy from the aortic bifurcation, 
caudad, including common iliac, internal iliac (hypogastric) branches of 


` the pelvic blood supply. 


-f Any pelvic dissection not found to includ pelvic lymphadenectomy. 


amined for any serious biases to ensure that these data 
represent comparable groups of patients. Through the use 
of contingency tables and chi square analyses, six factors 
were considered that could significantly influence the re- _ 
sults: the height of the primary tumor, the operation per- 
formed, preoperative irradiation, Dukes’ stage- of the tu- 

or, degree of differentiation, and the number of positive - 
lymph nodes found in the specimen. No significant dif- 
ferences were observed in any of these groups, making it 
more likely that the cause of enhanced survival was due, 
in fact, to the extent of the resection (Table 7). 

The results of the multivariate analysis further con- 
firmed our findings. For all rectal cancers, Dukes’ clas- 
sification proved to be the most significant prediction of 
survival, with Dukes’ C survival being predictive (p 
= 0.017). Other factors significantly predicting survival 
were distance of the lesion from the anal verge (p = 0.017), 
the use of pelvic lymphadenectomy in either operation 


TABLE 6. Five-Year Survival of Patients Undergoing Extended or 
Conventional APR or LAR by Dukes’ Stage 





Extended Conventional 

Dukes Oper- oS oe p 
Stage ation No. % No. % value 

A APR 20/24 83.3 13/17 76.5 

B ` 7/15 46.7 14/19 57.9 

C 10/27. 37.0 5/24 20.8 N.S. 

A LAR 36/42 85.7 34/39 87.2 

B 14 56.0 21/33 63.6 

C 19/33 57.6 18/56 32.1 0.018 
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TABLE 7. Unbiased Distribution (by contingency Tables) Factors that 
Might Influence Survival in Patients Undergoing Extended 
versus Conventional Resections 








Extended* Conventional 
Resection Resection 
Height of primary tumor 
Low 0-5 cm 714 70 
Mid 6-11 cm 109 108 
>li cm 12t 42+ 
Operations performed 
APR 76 (39.6%) 80 (36.4%) 
LAR 116 (60.4%) 140 (63.6%) 
Dukes’ stage 
A 70 67 
B 53 67 
C 60 (35.9%) 86 (39.1%) 
Preoperative irradiation 
(2000-3999 R) 39 (20.3%) 54 (24.5%) 
Degree of differentiation 
I 2 5 
H 110 (87.3%)} 124 (86.7%)E 
HI 14 14 
Unstated/unknown 66 77 
Mean number of 
positive nodes per 
specimen 2.36 2.38 





* No differences in distribution by chi square analysis of each predictive 
factor. 

t Excluded from survival analysis. 

$ Of known values. 


(LAR or APR) (p = 0.026), and histologic grade (p 
= 0.028). These four factors accounted for 61.15 of the 
70.88 chi square score determined by the statistical pro- 
gram for all rectal cancers. For Dukes’ C patients, only 
two independent variables were significant in examination 
of co-variants. The strongest factor was pelvic lymphad- 
enectomy (p = 0.016), and the second most important 
distance from the anal verge (p = 0.03). These two factors 
accounted for 11.06 of the 18.89 chi square score deter- 
mined by the statistical program for Dukes’ C variables. 


TABLE 8. Rates of Pelvic Recurrence in 382 Patients 
After LAR and APR* 








Extended Conventional 

Resection Resection 
Dukes ane 
Stage No. % No. % 
A 9/67 13.4 9/66 13.6 
B 18/47 38.3 15/64 23.4 
C 22/62 35.5 35/76 46.0 

Rates of Pelvic Recurrence after LAR for Midrectal Cancer (6-11 cm) 

Band C 12/38 31.6 21/39 53.8 
Ct 8/26 30.8 15/25 60.0 





* Excludes operative deaths and patients lost to follow-up. 
+ Includes all patients with or without preoperative radiotherapy. 
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Preoperative radiation therapy was employed in 32/ 
120 Dukes’ C patients (low and midrectal lesions). Thirty 
of these patients (93.8%) received between 2000-3999 rads 
of whole pelvic radiotherapy. Preoperative irradiation was 
utilized in 30% (15/50) of the patients having APR and 
24.2% (17/70) of those patients undergoing LAR. No 
overall differences in survival are attributable to radiation. 
Attempts to analyze these data according to the location 
of the primary lesion, the extent of pelvic dissection, and 
the influence of preoperative irradiation result in single 
digit cohorts that are not evaluable by statistical analyses. 

Pelvic recurrences were detected in 105 of 382 cases 
(27.5%). Eighty-six (81.9%) were categorically unresectable 
by virtue of pelvic sidewall involvement, and 19 (18.1%) 
were initially considered potentially resectable. Neverthe- 
less, 96% of the patients with pelvic recurrence were dead 
of disease at the close of this study.” The known rates of 
pelvic recurrence are listed by stage in Table 8. No sig- 
nificant differences are seen in the incidence of pelvic re- 
currence by stage or by extent of pelvic dissection. When 
one limits the observation to midrectal cancer, the ex- 
tended lymphadenectomy appears to make a striking 
contribution to the reduction in pelvic recurrence. These 
data, however, do not achieve chi square significance be- 
cause of sample size. 

Ninety-eight of the 181 (54%) women underwent con- 
comitant oophorectomy at the time of their rectal resec- 
tion. There was no difference in survival between this 
group and those women whose ovaries were left intact. 
These data are consistent with our previous experience.!! 

As stated above, 18 patients underwent pull-through 
procedures during this time period. These patients are 
considered separately, for nine of the 18 patients were 
selected for sphincter-preserving operations despite the 
fact that their tumors were in the low rectum. Nine pa- 
tients had Dukes’ A lesions, four had Dukes’ B lesions, 
and five had Dukes’ C lesions. Median follow-up care was 
59 months, ranging from 5 to 104 months. Ten of 18 
patients experienced recurrent tumor. Of these, eight pa- 
tients died of disease and two were alive with disease. Six 
patients were free of disease and two died of other causes. 
Half of the patients (9/18) had pelvic recurrence, and seven 
of these had sidewall involvement typical of low rectal 
cancer, as opposed to perianastomotic recurrences. 

Recurrence by stage was: Dukes’ A, 3/9; Dukes’ B, 3/ 
4; and Dukes’ C, 4/5 cases each. Fully 80% of all recur- 
rences were pelvic sidewall, and six of nine low rectal 
primaries account for this recurrence. These limited data 
suggest that, when sphincter-preserving procedures are 
used to treat low rectal cancers, the pattern of surgical 
failure will continue to reflect the original location of the 
primary tumor and that sphincter-preserving operations 
for low rectal cancers are generally not justified.” 
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Discussion 


These data confirm the studies of Stearns! and of oth- 
12 who have indicated that anterior or low anterior re- 
section is the appropriate operation for midrectal cancer. 
in other series, patients with midrectal cancer (treated 


~ by LAR) also have a significantly better survival outlook 


+ 


_than patients with low rectal cancers (treated by APR). 


The distance of the primary tumor from the anal verge 
continues to be an important prognostic factor, of which 
careful documentation is essential in any comparison of 
surgical results. !3!4 

The major subject under consideration is cure. In this 
paper, we have restricted our observations to rectal cancer 
defined by height 0-11 cm from the anal verge. By limiting 
our observations to the rectum in a large enough series 
of patients, comparisons become possible that may have 
been difficult to attain in previous publications.? These 
data clearly demonstrate superior survival after PLND in 
the operative treatment of rectal cancer. Patients with 
Dukes’ C disease, with 1—4 positive nodes, with nodes 
positive in the presence or absence of mural penetration, 
and with intermediate perirectal lymph node metastases 
all demonstrate a statistically significant enhancement of 
5-year survival following an en bloc pelvic lymphadenec- 
tomy (Table 9). 

Critics of this procedure have claimed that PLND is 
associated with increased morbidity and mortality or that 
previously reported series may represent the possible se- 
lection of favorable cases.'* The total operative mortality 
in this series, defined as any and all hospital mortality, 
was 1.94% (8/412 patients), among the lowest reported 
for any operative series. Three patients died after extended 
procedures (1.56% of 192 patients), and five patients died 
following conventional resections (2.27% of 220 patients). 
As to the issue of case selection, 37.6% of our patients 
harbored Dukes’ C disease, while 12% of our patients had 
adjacent organ adherence or involvement necessitating 
en bloc resection of that organ at the time of resection. In 
addition, the mean number of positive lymph nodes was 


2.38 per patient in the PLND group and 2.36 in the con- . 


ventional group. These elements suggest the absence of 
any bias or favorable case sélection in this series. 
Regarding morbidity, PLND was associated with a 7% 
increase in blood transfusions of over 2000 ml (17% of 
patients vs. 10%) and a larger number of patients being 
discharged from the hospital with an indwelling bladder 


- catheter (26% vs. 10%). Two patients encountered ureteral 


~e 


injury in the PLND group. Both were repaired during 
operation and resulted in no long-term urinary conse- 
quence. 

It is important to realize that the current PLND is not 
the same as the abdominopelvic lymphadenectomy re- 
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TABLE 9. Summary Table of Statistically Significant Survival 
Differences Attributable to Petvic Lymphadenectomy 


Per Cent Five-Year 
Survival « 
Pelvic Conven- 
Lympha- tional 
denectomy Resection p Value 

All patients 

stages ABC 63.8 54.3 0.026 
Dukes’ C 46.4 26.6 0.016 
Dukes’ C APR 37.0 20.8 0.043 
Dukes’ C LAR 57.6 32.1 - 0.018 
Astler-Coller C: 81.0 41.4 0.005 
GITSG C 54.2 32.8 0.02 
Dukes’ C Level I 50.0 14.3 bd 
Dukes’ C Level I $4.2 4.5 0.0001 


* Numbers too few for statistical comparison. 


ported in 1959.3 The current operation defines a sharp, 
en bloc dissection that follows the medial planes of pelvic- 
rectal blood supply and does not extend lateral to these 


structures, i.e., to obturator nodes. In addition, unlike the 


abdominopelvic lymphadenectomy, “stripping” of the 
blood supply to such delicate structures as the ureters is 
assiduously avoided. By preserving all ureteric blood sup- 
ply, long-term complications such as strictures, necrosis 
and fistulae are no longer encountered as a specific con- 
sequence of extended lymphadenectomy. Such injuries 
are further reduced by avoiding the high aortocaval or 
infraduodenal dissection, which was a part of the abdom- 
inopelvic lymphadenectomy report in 1959. 

Instead, the current dissection is intended to encompass 
the lateral, as well as the axial pathways of spread of rectal 
cancer, as defined by Coller in 1940-41." In this regard, 
PLND is therapeutic in rectal cancer and is not simply a 
“staging procedure.” The combination of PLND with 
current sphincter-preserving operations, as modeled on 
these principles, represents the ideal combination of cu- 
rative and restorative operations. 

A further criticism’ has been that PLND neither cures 
extramesenteric nodal disease nor enhances the cure of 
mesenteric disease.! Our data refute these arguments. 
Rather, the effects of PLND appear to be greatest on pos- 
itive nodes adjacent to the primary tumor. In their report, 
Hojo and Koyama described the greatest benefit from 
PLND on N; nodes, i.e., those not immediately adjacent 
to the primary tumor, a finding similar to our results in 


‘level I node involvement.'* They have also reported en- 


hancement of cure and decrease in local recurrence for 
Dukes’ B disease, an observation that we cannot repro- 
duce. We doubt whether these enhanced cure rates can 
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be solely attributed to improvement in the lateral margins 
as they related to the primary tumor nor to any physio- 
logical or immunological effects of removing negative iliac 
lymph nodes. Most likely, nodal involvement simply im- 
plies the presence of additional microscopic or lymphatic 
disease in the same anatomic region, which is better en- 
compassed in this case by an anatomic or regional lymph 
node dissection. This might also account for our modest 
reduction in pelvic recurrence. While anectdotal cures 
have been reported, we agree that the operation is not 
designed to cure patients with extramesenteric nodal in- 
volvement, even though these nodes can be removed when 
involved. 

Other approaches to the treatment of rectal cancer 
should be carefully considered. Advocates of conservative 
resection suggest that the answer to rectal cancer lies else- 
where, as in multidisciplinary adjuvant therapy. Current 
evidence suggests that adjuvant therapy of rectal cancer 
is, at best, marginally successful. The cure rates after sur- 
gery and adjuvant therapy in various reports do not ap- 
proach those observed in the major surgical series.'? Var- 
ious types of adjuvant therapy do not demonstrate an 
effective impact on or an increase in survival.” While 
short-lived increases in disease-free interval attributed to 
adjuvant therapy may be observed, there are associated 
costs of severe morbidity as well as both short-term and 
long-term treatment-related mortality, which are of great 
concern in an otherwise healthy patient population.’! 
Viewed from these perspectives, en bloc PLND may also 
be considered as an adjuvant to conventional resection, 
In a growing number of series,”*'® the effectiveness of this 
surgical adjuvant continues to grow over other available 
adjuvants and at the lowest available cost in morbidity 
and mortality. While we participate in and encourage en- 
roliment in adjuvant trials, there are as yet no results 
comparable to those of appropriate surgical treatment. 

The accumulated evidence,”*'® along with the current 
results, suggests that the value of PLND in rectal cancer 
should now be prospectively tested in a randomized study 
against more conventional resections in an appropriate 
clinical experimental setting. 

Careful patient selection will be the key to the ultimate 
success of this operation. The increasing trend toward 
transanal excision of some early rectal cancers will further 
lessen the morbidity of treating rectal cancer.” Further- 
more, patients with transmural penetration of their pri- 
mary tumors are clearly those at the highest risk of lymph 
node metastases.”* If preoperative staging were more ac- 
curate, this selection process could be refined to its ideal. 
In the absence of accurate preoperative staging, patients 
with tumors penetrating the bowel wall by preoperative 
examination should undergo en bloc PLND as an adjunct 
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to excision of the rectum, with or without reconstruction, 
as the clinical setting will allow. Combined with other 
approaches, rectal preservation can be practiced in con- 
junction with pelvic dissection, an approach that is con- 
servative in terms of function and superior in terms of 
cure. 


Conclusions 


(1) The majority of invasive rectal cancers presenting 
for operation penetrate the bowel wall or involve lymph 
nodes. (2) Operations should best be designed to cure “‘re- 
gional disease.” (3) An en bloc pelvic lymphadenectomy 
in association with either LAR or APR enhances the 5- 
year survival of patients with Dukes’ C rectal cancer. (4) 
The effects of this dissection are seen both in patients with 
immediate pericolic nodal involvement and in those with 
more proximal or cephalad involvement. (5) The greatest 
benefit of PLND is observed in those patients with mid- 
rectal cancers (6-11 cm), where the benefits of pelvic dis- 
section can be ideally combined with sphincter preser- 
vation. (6) PLND is associated with no added operative 
mortality. The morbidity of PLND is low in incidence, 
short term in nature, and generally self-corrective. (7) The 
survival of patients after PLND generally exceeds the sur- 
vival reported in series where adjuvant therapy is com- 
pared to surgery alone. (8) PLND may be viewed as the 
best among various “adjuvants” available to offer patients 
at risk of harboring lymph node metastases; it may best 
be advocated for patients suspected of having transmural 
invasion of rectal cancer, where the incidence of lymph 
node metastases approaches 60%. (9) Based on a growing 
number of reports, the value of PLND in the treatment 
of rectal cancer should be tested prospectively against the 
results of more conventional procedures. 
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Water and electrolyte flux in response to systemic administration 
of four different gastrointestinal hormones were studied in a hu- 
man with a chronic Thiry-Vella ileal loop. Gastrin infusion with 
a pharmacological dosé of 4 ug/kg-hr has no effect. Responses 
to glucagon were proportional to infused doses with directly in- 
creased absorption of water and electrolytes (except bicarbonate). 
However, when gastrin was infused simultaneously with gluca- 
gon, the enhanced absorption was inhibited. Secretin only tran- 
siently increased absorption of fluid and electrolytes. In contrast 
to its effects on jejunum, CCK increased both water and electro- 
lyte absorption from the ileum. 


BSORPTION of fluid and electrolytes is an essential 
and normal function of the ileum. Much of the 
information on these functions of human small 

intestine in vivo has been obtained from perfusion studies 
through multilumen catheters after intubation under 
fluoroscopy. Since the introduction of this technique,! 
modifications including infusion methods’ and design of 
tubes used? have been made to improve the accuracy. 
Yet, technical problems such as shifting of the position 
of tubes and contamination of the aspirate by pancreatic 
and biliary secretions are still frequently encountered‘ with 
the introduction of errors. Preparation of an isolated loop 
of intestine, which allows documentation of results under 
controlled conditions, can only be done in animals. We 
have had the opportunity to study a patient with a chronic 
Thiry-Vella ileal loop. The in vivo responses in fluid and 
electrolyte flux of this isolated segment of ileum to intra- 
venous infusions of the gastrin, glucagon, secretin, and 
cholecystokinin (CCK) have been observed. 


Case Report 


A 56-year-old man initially presented to UCLA witk transitional cell 
carcinoma of the urinary bladder. Initial treatment included cobalt tele- 
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therapy (5000 rads) to the bladder in combination with 5-Fluorouracil. 
He underwent bilateral ureteroileostomy (Bricker procedure) and ap- 
pendectomy 8 months later. This was followed by total prostatovesicu- 
locystectomy 2 months afterwards. The patient was readmitted 3 years 
and 2 months after initial presentation for exploration of an enterocu- 
taneous fistula from the mid-ileum. Exclusion of the fistula was performed 
by bringing the ends of the ileal segment proximal and distal to the fistula 
to the cutaneous surface as a Thiry-Vella loop. Continuity of the intestine 
was restored by end-to-end anastomosis and the patient had an uneventful 
recovery (Fig. 1). 

The patient returned 9 years and 4 months after initial presentation, 
requesting removal of the isolated ileal loop. Preoperative evaluation 
revealed absence of tumor recurrence and no abnormalities in the Thiry- 
Vella loop. Excision of the intestinal segment, which measured 63 cm, 
was carried out. Light and electron microscopic examinations demon- 
strated normal mucosal and ultrastructural features.’ Prior to removal 
of the intestinal loop, the studies described below were carried out. 


Infusion Studies of the Thiry-Vella Loop 
Procedure 


The patient was hospitalized in the UCLA Clinical Re- 
search Center for all studies. Informed consent was ob- 
tained. 

After an overnight fast, a nasogastric tube was passed 
into the stomach for aspiration of gastric content during 
the test. Both proximal and distal stomas of the loop were 
catheterized with 18-French two-way Foley catheters. The 
tip of the catheters was 5 cm inside the lumen, and the 
position was maintained by tapes after the balloons were 
inflated. The perfusate was infused via the proximal stoma 
using a Harvard infusion pump (Harvard Apparatus Co., 
Millis, MA). The effluent from the distal stoma was col- 
lected by siphonage. 

The purfusate was isotonic at 280/mOsm per kg and 
contained (mEq/L): sodium 140, potassium 5.0, chloride 
140, bicarbonate 0.5. Polyethylene 1,2-'*C-glycol (PEG) 
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Fic. 1. Status of patient’s abdomen reported before excision of his Thiry- ` 


Vella ileal loop in 9 years and 4 months’ standing. 


(M.W. 4000, New England Nuclear, Boston, MA), 5 pCi 
per liter, was added to unlabeled PEG 2% solution as a 
nonabsorbable marker. Gastrin, secretion, and cholecys- 
tokinin (CCK) were obtained from GIH Laboratory Ka- 
rolinska Institutet, Stockholm, Sweden. Glucagon was 
purchased from Eli Lilly (Indianapolis, IN). 

After catheterization of the proximal stoma, perfusion 
of the ileal loop with the solution was begun at a rate of 
1.7 ml/min at body temperature (37 C). Equilibration 
was allowed for a 1-hour period and collections of effluent 
were made at 15-minute intervals throughout the rest of 
the test. Each test was comprised of three parts: data ob- 
tained from the first 30 minutes after equilibration served 
as baseline; administration of hormone(s) was through an 
intravenous line of 5% dextrose solution over the next 
hour; samples were collected for another hour. On each 
day, the secretory response of only one hornione or com- 
bination of hormones at a particular concentration was 
evaluated. The hormones studied were: gastrin (4 ug/kg- 


. hr); glucagon (2 pg and 5 yg/kg-hr); secretin (4 ug/kg-hr); 


CCK (1 ug and 3 ug/kg-hr); gastrin (4 ug/kg-hr) and glu- 
cagon (5 ug/kg-hr) simultaneously. 


Analytical Methods 


Sodium and potassium values were measured by flame 
photometry; chloride was measured by electrometric ti- 
tration with a silver nitrate solution, and bicarbonate was 
measured titrimetrically. The activity of Polyethylene 
1,2-"4C-glycol (PEG) was measured with a liquid scintil- 
lation counter (Beckman LS315OP, Beckman Instru- 
ments, Palo Alto, CA) using a toluene-based cocktail. 
Quench correction was made by external standardization. 
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Fic. 2A. Change in flux of sodium (mEq/min), as representative of all 
electrolytes in response to gastrin (4 ug/kg-hr), glucagon (2 ug/kg-br and 
5 ug/kg-hr); combination of gastrin (4 yg/kg-hr) and glucagon (5 g/kg- ` 
br). Absorption was represented as (—) sign. 


Calculations and Expression of Results 


Net movement of water was calculated from the con- 
centration of the '*C-PEG in the perfusate and the effluent 
from the distal ileostomy with the following equation: 


dV ml/min = V(1 — PEG;/PEG,), 


where dV is the rate of water absorption (ml/min) and V 
is the rate of infusion of test solution. PEG; and PEG, are 
the concentrations of '*C-PEG in the infused test solution 
and that in the effluent, respectively. Net movement of 
electrolytes'was calculated from the concentration of 
electrolytes in the perfusate and the effluent, using the 
equation: 
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Fic. 2B. Changes in flux of water (ml/min) in response to gastrin (4 ug/ 
ke-hr); glucagon (2 ug/kg-hr and 5 ug/kg-hr); combination of gastrin (4 
ng/kg-hr) and glucagon (5 ye/kg-hr). Absorption was represented as (—) 
sign. ` 
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‘Fic. 3A. Changes in flux of sodium (mEq/min) as representative of all 
electrolytes in response to secretin (4 ug/kg-hr) and CCK (1 ug/kg-br 
and 3 yg/kg-hr). Absorption was represented as (—) sign. 


Sa = VIS: ~ Sa(PEG{/PEGa)] 


where S, is the rate of absorption of solute (mEq/min); 
and S; and Sa are the concentration of solute (mEq/L) 
present in the infused test solution and effluent, respec- 
tively. Net absorption (—) and net secretion (+) refer re- 
spectively to loss from, or gain into, the lumen of solute. 


Results 


The perfusion studies were carried out over two periods 
of 3 to 4 consecutive days each with an interval of 3 weeks 
in between. The mean and standard deviations of the basal 
values of the rate of water and electrolytes absorpticn are 
as follows: water, —0.34 + 0.29 ml/min; sodium, —52.2 
+ 36.7 mEq/min; potassium, —1 17 + 2.82 mEq/min; 
chloride, —48.6 + 37.44 mEq/min; bicarbonate, —8.65 
+ 3.22 mEq/min. The changes of sodium and water flux 
in the Thiry-Vella loop with response to gastrin, glucagon, 
and the combination of the two hormones are shown in 
Figures 2A and 2B, while that of secretin and cholecys- 
tokinin (CCK) were as shown in Figures 3A and 3B. 


Response to Gastrin: (4 ug/kg-hr) (Figs. 2A and 2B} 


The absorption rate of water and electrolytes was not 
changed by the pasisip, infusion. 
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Response to Glucagon: (2 ug/kg-hr and 5 pg/kg-hr) (Figs. 
24 and 2B) 


At the low dose of glucagon infusion (2 ug/kg-br), min- 
imal increase in absorption of sodium, potassium, chlo- 
ride, and water were noted near the end of the glucagon 
infusion and persisted for 30 minutes after the hormone 
administration was stopped. With the high dose (5 ug/kg- 
hr), however, immediate increases in absorption of water, 
sodium, and chloride up to four times the basal values 
were noted. The effect on the rate of potassium absorption 
was even greater—an almost 30-fold increase over basal 
(—3.78 mEq/min as compared to —0.13 mEq/min). No 
change of bicarbonate absorption was abserved during 
infusion of glucagon at either concentration. 


Response to Combination of Glucagon, 5 ug/kg-hr and 


. Gastrin, 4 yg/kg-hr (Figs. 2A and 2B) 


In contrast to the infusion of glucagon alone at the 


` same dosage, the changes in absorption of water, sodium, 
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FiG. 3B. Changes in flux of water (ml/min) in response to secretin (4 
ug/kg-hr) and CCK (1 ug/kg-hr). Absorption was represented as (—) sign. 
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potassium, and chloride were slower and of a lesser mag- 
nitude with the addition of gastrin. The rate of bicarbonate 
absorption remained unchanged. 


Response to Secretin: 4 ug/kg-hr (Figs. 3A and 3B) | 


>- Increase of water and electrolytes absorption was im- 


mediate after the commencement of secretin infusion. 
Response was sustained only for the first 15 minutes and 
reverted back to baseline values despite continuous hor- 
mone infusion. 


Response to Cholecystokinin: 1 pg/kg-hr and 3 ug/kg-hr 


---(Figs. 3A and 3B) 


With the exception of bicarbonate, there was a directly 
proportional increase in electrolytes absorption related to 
the dosage infused. The graded responses of sodium and 
potassium to the higher dose of CCK were in the order 
of 10 times the average basal values of the corresponding 
test day. Changes of water absorption were, however, 
similar with the different doses. 


Discussion 


The Thiry-Vella loop has been widely used in animals 
for the study of intestinal function in vivo. The functional 
capacity of these loops is well preserved and mimics nor- 
mal responses in situ despite isolation from the rest of the 
intestine. Berger et al.° reported that the sodium transport 
rate remained the same across canine Thiry-Vella loops 
of ileum and different parts of the intestine throughout a 
5-year period. Furthermore, recent studies on excluded 
segments of human ileum and jejunum after prolonged 
exclusion showed that both normal mucosal structures as 
well as normal enzyme values per milligram of protein 
were preserved.>:78 

Extensive research has been done on the effects of gas- 
trin on intestinal secretion. Data from animal studies on 
the response of ileum to gastrin are conflicting: inhibition 
of electrolyte absorption’ as well as no measurable re- 
sponse’? have been reported. From perfusion studies in 
humans, Modigliani et al.!!!* found that both pentagastrin 
and its equipotent human synthetic analog failed to elicit 
changes in water and electrolytes across the ileum. While 


- -the dosage infused in the present study was lower than 


a 


that reported by Modigliani et al.!! (4 ng/kg-hr as com- 
pared to 6 ag/kg-hr), it was in the pharmacologic range. 

On canine Thiry-Vella ileal loops, Barbezat and Gross- 
man” demonstrated that glucagon infusion would induce 
profuse fluid secretion from both ileum and jejunum. 
Other investigations showed that glucagon induced net 
intestinal secretion from the human jejunum at high 
doses, '* although under physiological conditions, the effect 
was absent.!> There is little additional information on the 
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response of the human ileum to glucagon. The present 
study shows that the ileum responds to glucagon in a dose- 
dependent manner. With the exception of bicarbonate, 
absorption of the electrolytes and water was enhanced by 
glucagon. Although gastrin infusion alone exerted no 
changes on water and electrolyte transport across the ileal 
loop, when it was infused with glucagon, it dampened the 
increased absorption of fluid and electrolytes induced by 
glucagon alone. When higher concentrations of the same 
hormones were infused into dogs by Barbezat and Gross- 
man, the animals developed profuse diarrhea.!° The 
mechanism for this response is uncertain. 

The transient increase in ileal absorption of water and 
electrolytes induced by secretin was different from pre- 
vious reports on animal and human studies. Secretin di- 
minished ileal absorption of both water and sodium in 
the rat,° but its effect is not significant in dogs even in 
huge doses.'” Modigliani et al.! found that secretin caused 


` a slight increase in water absorption but no effect on elec- 


trolyte transport from the human ileum in vivo. The dif- 
ferent findings of the present study might be related to 
the higher dose of pure secretin that was used. 

Reports on the effect of CCK on human ileum are few, 
although its action on the jejunum has been fairly well 
delineated.'*?! In dog ileum, Barbezat and Grossman" 
failed to show any changes with CCK infusion, but the 
dose and duration of infusion used were probably insuf- 
ficient to show an effect. Bussjaeger and Johnson” re- 
ported that both endogenous and exogenous CCK inhib- 
ited water and electrolyte absorption and induced secre- 
-tion of bicarbonate from canine ileum. Contrary to these 
animal studies, CCK infusion in the patient presented 
here increased electrolyte and, to a lesser extent, water 
absorption. Similar results obtained with different dosages 
of the hormane over 2 separate test days suggest that this 
is a reproducible response of human ileum. 
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Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains: Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 

URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli; Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganeila morganii 
(formerly Proteus morganii); Klebsiella sp.; Serratia sp. including S. marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli: Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including B. fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli: Klebsiella 
sp.. Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis; Bacteroides 
sp.: and anaerobic cocci, including Pentococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. 'Cefizox’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
tococcus pneumoniae. 

‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 

Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cetizox’. 

Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 
Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 

CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIWITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 
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Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 

PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox; nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 
Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 

ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Loca/—Injection site—Buming, 
cellulitis, phlebitis with LV. administration, pain, induration, tenderness, paresthesia. 

Less frequent adverse reactions (/ess than 1%) are: Hypersensitivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Rena/—Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for I.V. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 
Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 
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Healing of Esophagojejunal Anastomoses after 
Experimental Total Gastrectomy 
wa Comparative Study Using Manually Sutured or Stapled Anastomoses l 
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In construction of the eosphagojejunostomy after total gastrec- 
tomy, the EEA stapled (US Surgical Corporation, Norwalk, CT) 
and the two-layer interrupted 3-0 Dexon® anastomoses are com- 
pared concerning the radiological appearance, breaking strength, 
circulation, and collagen concentration. Thirty female pigs were 
used. After total gastrectomy and Roux-en-Y preparation, the 
pigs were randomized to achieve sutured or stapled anastomoses. 
41Ce-labeled microspheres were used for measurements of 
anastomotic blood flow. After the pigs were killed, the breaking 
strength of the anastomosis was recorded, the collagen content 
determined, and an anastomotic index calculated comparing two 
perpendicular diameters in the anastomosis and 5 cm above. 
Breaking strength, leakage frequency, and anastomotic index 
were the same in the two groups. One week after surgery, there 
was a significant increase in anastomotic circulation (p < 0.05) 
in both the sutured and the stapled anastomoses compared to 
controls. Collagen increased equally with time in the two groups 


(p < 0.01). The stapled esophagojejunostomy was faster to per- - 


form (20 min) than the sutured (28 min) (p < 0.05). 


EAKAGE from the esophagojejunal anastomosis af- 
ter total gastrectomy is still the main reason for 
postoperative morbidity and death.'? Following 

the introduction of mechanical stapling devices, encour- 
aging results have been reported with lowered leakage fre- 
quency.** There is, however, still no prospective, ran- 
domized series comparing the qualities of manually su- 
tured and stapled esophagojejunal anastomoses. Factors 
that may influence the results of the different techniques 
include anastomotic blood flow and collagen metabolism. 
The aim of the present study is to compare stapled and 
manually sutured esophagojejunal anastomoses in a highly 
standardized experimental model. Parameters studied are 
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the incidence of leakage and stenosis, measurement of 
breaking strength, blood flow, and collagen concentration 
of the esophagojejunal specimen. Finally, a histological 
evaluation of the anastomotic area is performed. 


Materials and Methods 
Animals 


Thirty standard Swedish domestic female pigs with an 
average weight of 17.4 kg (range: 13.7-21.2 kg) and aged 
6 to 7 weeks were used for the experiments. The animals 
were housed four per cage with free access to tap water 
and food (Grisex, Lantmännen, Lund, Sweden). Food, 
but not water, was withdrawn 24 hours before the surgical 
procedures and was reinstituted 48 hours afterwards. 


Surgical Procedures 


The operations were performed with the use of pen- 
tobarbital anesthesia and endotracheal intubation. All 
animals were artificially ventilated with nitrous oxide and 
oxygen. Isotonic glucose infusion was given I.V. during 
the operative procedures through a jugular vein catheter. 
The abdominal procedures and the catheter insertion were 
performed under sterile conditions. An upper midline in- 
cision was used, and the stomach mobilized from the 
greater and lesser omenta. The left and right gastric ar- 
teries, the gastroepiploic artery, and the short gastric ves- 
sels were ligated and divided. The stomach was removed, 
leaving the spleen intact. The duodenal bulb was closed 
with interrupted stitches in two layers, using 3-0 Dexon®. 
The jejunum was cut 20 cm below the ligament of Treitz, 
and a 40 cm Roux-en-Y loop was prepared. After ran- 
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Fic. |. After total gastrectomy and Roux-en-Y preparation, the pigs 
were randomized to hand-sewn or stapled end-to-side esophagojejunal 
anastomoses. The animals were killed | or 5 weeks after surgery. Controls 
(N = 6). 


domization (vide infra), either a manually sutured or sta- 
pled end-to-side esophagojejunostomy was performed. 
The manually sutured anastomosis was done with 3-0 
Dexon, using a conventional 2-layer technique with in- 
terrupted stitches while holding the esophagus with an 
intestinal clamp (Fig. 1). The open jejunal end was closed 
with two rows of single 3-0 Dexon stitches. The EEA sta- 
pler was used according to the manufacturer (US Surgical 
Corporation), using Prolene® for the purse string suture 
in the cut end of the esophagus. After dilatation to 25 
mm, the 25 mm cartridge was inserted through the open 
end of the jejunum and the central rod made to emerge 
through a scalpel incision on the antimesenteric wall 5 
cm from the open end (Fig. 1). No purse string suture 
was placed around the central rod on the intestinal wall. 
The anvil was attached, the instrument introduced into 
the esophagus, and the purse string suture tied.) When 
the instrument was fired, an inverted 2-row stapled 








RG. 2. The standard set-up used for radiologic examinations of the anas- 
tamoses. 
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esophagojejunostomy was accomplished with an inner 
diameter of 15 mm. Aside from inspection of the dough- 
nuts and palpation of the anastomosis, no intraoperative 
testing of the completeness of the anastomosis was per- 
formed. The open end of the jejunum was closed as de- 


scribed above. The time interval from the end of the prep- == 


aration of the Roux-loop to the end of the anastomotic 
completion was recorded. The jejuno-jejunal anastomosis 
was performed end-to-side using 3-0 Dexon in two layers 
of interrupted stitches. The cut edges of the mesentery 
were approximated by a running 4-0 Dexon suture. A 
careful lavage of the abdominal cavity with isotonic saline 
was carried out and the abdomen closed with an inter- 
rupted 2-0 Dexon in the fascia and Suturamid® in the 
skin. During the first 48 hours after surgery, each pig was 
given 2 L Ringer’s lactate solution. 


Experimental Design 


All operations were performed by the same surgeon 
(BW). After the abdomen was opened, six animals were 
randomized to serve as controls. In these animals, no re- 


section was done. They were otherwise treated in the same “Ww 


way as the remaining 24 animals, in which the esopha- 
gojenunal anastomosis was randomly manually sutured 
or stapled (Fig. 1). 

Seven days after surgery, all animals were anesthetized, 
their body weight measured, and a roentgenogram per- 
formed of the esophagojejunal junction. Half of the pigs 
in each group were randomly killed at this point, whereas 
the rest were observed for another 4 weeks and weighed 
once weekly. 

Before the animals were killed by intracardial injection 
of saturated KCI solution, microspheres were injected. 
The esophagojejunal specimen was removed in toto and 
examined by X-ray, which was followed by tensile tests 
and blood flow measurements. Strips for histologic ex- 
amination were prepared, and the remaining were saved 
in a refrigerator and later examined for collagen. 


Radiological Examinations 


In a standard setting, radiological examinations were 
performed in two perpendicular planes using 10% contrast 
solution (Mixobar Ventrikel, Astra-Meditec AB, Möln- 
dal, Sweden) (Fig. 2). From the X-ray films, the inner and 
outer diameters of the anastomosis and of the esophagus 
5 cm above the anastomosis were measured (Fig. 3). An 
anastomotic index, using the ratio between the two per- 
pendicular inner diameters of the anastomosis and 5 cm 
above, was calculated (Fig. 3). In this way, any difference 
in diameter of the anastomosis and the esophagus was 
observed. A straight tube with no narrowing would obtain 
an index of 1.0. An anastomotic narrowing and/or a 
proximal dilatation results in a decreased index. Also, the 
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wall thickness in two perpendicular planes of the anas- 
tomosis was calculated in the same way. 


Tensile Tests 


Breaking strength in uniaxial tension was tested ac- 
cording to Löwenhielm,” using a piezoelectric force trans- 
ducer and a transient recorder. For this purpose, the anas- 
tomotic area, including 5 cm above and below, was pre- 
pared and the test performed within 2 hours. The 
specimen was pulled over two cylinders, one of which was 
attached to the stationary force transducer and the other 
to.a pneumatic piston. The specimen was tied to each 
cylinder by three cords. The tensile force was applied at 
a strain rate of about 10 per second. ` 


Measurement of Blood Flow in the Anastomotic Area 


Measurement of specific organ blood flow was made 
by means of the reference organ method, described by 
Hafström et alf According to this method, arterial blood 
flow f (ml X min™!) in an organ (i) can be calculated 
using the equation: 


f=2xf, 
Gr 


where f; is the known blood flow in a reference organ (r); 
q; and q, are the amount of radioactivity (Bq) in the organ 
i and in the reference organ r, respectively. The measure- 
ments are done approximately 1 minute after the injection 
of the radiolabeled microspheres into the left ventricle of 
the animal under investigation (Fig. 4). The use of this 
formula requires that the microspheres have been well 
mixed within the blood before leaving the heart. Assuming 
that the investigated organ is uniformly vascularized, spe- 
cific organ blood flow can be calculated from measure- 
ments of activity of an organ sample: 


fi _ fisample _ q; sample f, 
m; m; sample GA m; sample ’ 


where m; denotes the weight of the organ i. Cardiac output 
(C.O., ml X min™') can be calculated using the equation: 


co, = 2x, 
qr 


where qto is the total amount of the activity injected (Bq). 

In the present study, we used 15 + 3 um prelabeled 
nonbiodegradeable '*'Ce-microspheres in isotonic saline. 
After the syringe was vigorously shaken, the spheres were 
injected into the left ventricle within 10 seconds. Blood 
was drawn into the reference organ (a syringe), connected 
to the left femoral artery, by means of a withdrawal pump, 
with a flow rate of 0.6 ml/min. The collection of blood 
in the reference organ was started immediately before and 
terminated 2 minutes after the injection of the micro- 
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Fic. 3. The esophagojejunostomy region showing the calculations of the 
anastomotic index: (a; + a2)/(b; + b2). 





Microspheres 


left 
ventricle 


Organ (1) 


Reference organ ir) 


FIG. 4. Reference organ method for blood flow measurements (fi and fz, 
blood flows to the organs i and r, respectively; q; and qr, activities in the 
same organs). Fifteen um sized '*'Ce-labeled microspheres in isotonic 
saline are injected into the left ventricle. 
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Fics. 5A and B. Blood flow distribution (% of cardiac output) around the esophagojejunostomy after | week (4d) and 5 weeks (B). Samples were 
taken at different distances from the anastomosis and at corresponding sites in controls with a two-blade cutter. 


spheres. The number of spheres used per experiment was 
approximately 8 X 10° (1-10 MBq), providing an error 
margin of less than 10% due to fluctuations in the number 
of spheres. The activity of the samples was measured in 
a 2” X 2” well type Nal (Tl}scintillation counter (Inter- 
cechnique, Plaisir, France), corrected for counting losses 
and differences in sample volume. Samples were taken 
from the gastrointestinal tract above, nearby, and below 
the anastomosis (Fig. 5) and from the kidneys to evaluate 
the mixing of blood and the spheres. In the control ani- 
mals, corresponding samples were taken. Blood flow in 
the samples is expressed as percentage of cardiac output. 


Determination of Collagen 


Specimens weighing about 200 mg were taken from the 
anastomosis, as indicated in Figure 5. They were weighed 
and dried at 70 C to constant weight, usually for 3 days. 
After homogenization, collagen was extracted in distilled 


TABLE 1. Anastomotic Index* and Wall Thickness* (Median and 
IQ} Range) 1 and 5 Weeks after Total Gastrectomy in the Pig 


Wall Thickness 
Anastomotic Index (mm) 
1 week 
Sutures 0.59 (0.49-0.63) 0.42 (0.37-0.49) 
(N = 5) N.S. N.S. 
Staples 0.60 (0.56-0.65) 0.38 (0.35-0.47) 
(N = 6) 
5 weeks 
Sutures 0.51 (0.41-0.66) 0.38 (0.38-0.46) 
(N = 5) N.S. NS. 
Staples 0.48 (0.35-0.65) 0.41 (0.40-0.65) 
(N = 5) 





* No differences within groups from one to five weeks Test for differ- 


ences: Mann-Whitney U-test. 
+1Q = Inter Quartile. 


water and hydrolyzed in 6 M HCI, as described by Grant.? 
The hydroxyproline content was then determined by the 
colorimetric method of Stegemann,'° using a Zeiss spec- 
trophotometer (Carl Zeiss, Oberkochen, Wiirttemberg, 
West Germany). The tissue collagen concentration was 
estimated from its hydroxyproline content (per cent col- 
lagen = 7.46 X per cent hydroxyproline), according to 
Neuman and Logan.!! iis 


Histologic Examination 


From the anastomotic area, a longitudinal strip of tissue 
was taken for histology and stained with hematoxyline- 
eosine, van Gieson, and McManus. 


Statistical Methods’? 


The Kruskal-Wallis one-way analysis of variance by 
ranks was applied to test whether the samples from the 
three groups had been drawn from the same population. 
Whenever a significant difference was noted, a Mann- 
Whitney U-test was used to determine whether this sig- 
nificance was valid also between the groups with sutured 
and stapled anastomoses. Pearson product moment cor- 


TABLE 2. Ultimate Breaking Force (Median and IQ Range) for 
Sutured or Stapled Esophagojejunal Anastomoses at Different 
Time Intervals afier Total Gastrectomy in the Pig 











Breaking Force (Kilopond) 
1 Week 5 Weeks 
Sutures 
(N = 5) 13.0 (11.9-17.4) p < 0.05 37.0 (27.4-50.7) 
N.S. : NSS. f 
Staples 19.4 (16.5-23.0) p<0.01 50.1 (42.0-60.8) 


(N = 6) (N = 5) 
Test for differences: Mann-Whitney U-test. 
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TABLE 3. Blood Flow (% of Cardiac Output X 10°) at Different Distances (mm) from the Esophagojejunostomy 
l and 5 Weeks after Total Gastrectomy in the Pig 
Jejunum, Anastomosis Esophagus 
108-100 12-4 40 0-4 4-12 100-108 
Controls (N = 6) 24 (20-33) 24 (19-29) 22 (18-33) 4.6¢ (3.6-5.8) 4.0 (3.0-4.9) 3.9 (2.7-8.6) 
1 week 
Sutures (N = 5) 15 (10-19) ae on 35) 25* ee 20ł R Gea 18) a Sia 
Staples (N = 5) 25 Ree 20 hes 34) 26* ae 17+ P: aH 6.6 (4.5-7.4) 3.8 a a 8.3) 
5 weeks 
Sutures (N = 5) 18 (10-27) . 16 (11-23) 11* G16) 8.3 u 2) 4.1 (2. 22-6. 3) 56 Q. a 7) 
Staples (N = 5) 18 Par 2! 020 15* ar 9.3 a rn 4) 4.8 (3:3-7.2) 3.4 a ‘oy 5) 
* There is a significant decrease in blood flow from 1 to 5 weeks in not significant. 


á` 


both stapled and sutured anastomoses. 
t Compared to controls, the sutured and stapled anastomoses have a 
higher blood flow. The decrease in blood flow from 1 to 5 weeks was 


relation coefficient was used to test the association between 
two variables. 


Results 


Three animals died during the first postoperative week. 


There was no difference among the groups in this respect. 
In all cases, death was due to incarceration of the small 
intestine through a paraesophageal hiatal hernia. During 
the first postoperative week, most animals lost weight. 
They regained their preoperative weight after 2 weeks and 
then continued to gain weight. No difficulties were ob- 
tained with any of the anastomotic techniques. Perfor- 
mance of the stapled anastomoses (20 min, range: 15-60 
min) was slightly quicker than that of the manually su- 
tured anastomoses (28 min, range: 20-40 min) (p < 0.05). 
After | week, there was an incomplete mucosal bridging 
in one of the manually sutured anastomoses and in two 
of the stapled at macroscopic examination. 


Radiological Findings 


No leakage was found. There was a slight but insignif- 
icant decrease in the anastomotic indices from | to 5 
weeks. No differences were observed between the stapled 
and manually sutured groups. Furthermore, the anasto- 
motic wall thickness 1 and 5 weeks after surgery was un- 
influenced by the operative technique (Table 1). 


Tensile Tests 


The ultimate breaking force of the anastomosis in- 
creased with time. Five weeks after operation, the anas- 
tomoses were significantly stronger compared to the sit- 
uation | week after operation. The stapled anastomoses 
were slightly but insignificantly stronger than the manually 
sutured both 1 and 5 weeks after surgery (Table 2). 


Values expressed as median and IQ range. 
Test for differences: see under statistical methods. 


Blood Flow Measurements 


For each animal, the specific kidney blood flow was 
calculated. The correlation coefficient between left and 
right kidneys was 0.94, which indicates that the spheres 
have been well mixed within the blood. 

The anastomotic blood flow was the same irrespective 
of the operative technique used. Significantly lower spe- 
cific blood flow was noted in the esophagus compared to 
the Roux-loop. These findings were the same 1 and 5 
weeks after the gastrectomy and in controls (Table 3 and 
Fig. 5). After 1 week, there is a significantly higher blood 
flow (p < 0.05) in the esophageal part immediately prox- 
imal to the anastomosis, irrespective of technique used, 
when compared to controls. After 5 weeks, the only dif- 
ference (p < 0.05) occurred in the prompt distal part of 
the anastomosis where a lower flow in the sutured group 
compared to controls was found. The stapled group also 
had a lower flow than controls but the difference was not 
significant (p = 0.0552). The anastomotic circulation de- 
creased 5 weeks after the resection as compared to 1 week, 
especially in the jejunal part (p < 0.05) (Table 3 and Fig. 
5). Five weeks after gastrectomy, there was a high corre- 
lation between intestinal and esophageal blood flow in 
the prompt vicinity of the anastomosis, which was not 
the case after 1 week (Fig. 6). 


Collagen 


The concentration of collagen in the esophageal part 
of the anastomosis was uninfluenced by the operation. 
On the other hand, in the intestinal part the collagen con- 
centration increased following the resection. Compared 
to controls, the collagen was significantly higher 1 week - 
after the operation and still higher 5 weeks after operation 
(p < 0.01). There were no differences between the stapled 
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or manually sutured anastomoses (Fig. 7). Furthermore, 
the collagen concentration of the intestine next to the 
anastomosis also increased significantly (p < 0.05) 5 weeks 
after the resection irrespective of anastomotic technique. 


Microscopic Appearance 


It was difficult to prepare sections of high quality, as 
the staples had to be removed before sectioning, a process 
that damaged the tissue. Sections from two anastomoses 
in the -week manual group, from two in the 5-week 
manual group, and from three in the 1-week stapled group 
were studied. In the 1-week groups, there were mucosal 
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Fa. 7. Collagen concentration (ug/mg dry weight) in the intestinal part 
of the anastomoses in controls and in resected animals | and 5 weeks 
after surgery. A significant increase in collagen concentration was observed 
both I and 5 weeks after resection compared to controls (p < 0.05). No 
diffe-ence was obtained between hand-sewn and stapled anastomoses, 
In the sutured group, the collagen concentration increased significantly 
from 1 to 5 weeks (p < 0.05). 
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defects and a slight inflammatory response with predom- 
inantly round cells. The mucous gap seen in the 1-week 
groups was overbridged after 5 weeks with proliferating 
stratified squamous epithelium, which formed a good 
continuity with the mucosa of the jejunum. In sections 
from the 5-week manual group, there were proliferating 
blood vessels and fibrous tissue at the anastomotic site, 
and the inflammatory response had subsided. 


Discussion 


As previously stated, the objective of the present study 
was to compare the hand-sutured and the stapled esopha- 
gojejunostomy in a highly standardized experimental 
model. This is probably the only way to achieve an ob- 
jective assessment of the pros and cons of the two tech- 
niques. This is of particular interest before advocating the 
use of stapled anastomoses in man. We prefer the pig as 
our experimental animal, as its abdominal anatomy 
closely resembles the human. Furthermore, in pigs, the 
esophagus is large enough to make possible the use of the 
standard stapling device. 

The time for completion of the anastomoses is shortest 


_ for the stapled esophagojejunostomy and similar to. what 


is found for rectal anastomoses experimentally’? as well 
as clinically. 

The width of the anastomosis is equal in the two groups, 
1 and 5 weeks after operation, with a tendency of succes- 
sive narrowing. In man, however, it is shown that this 
tendency-is disappearing with time for both stapled rectal!* 
and stapled esophagojejunal anastomoses.? Esophagoje- 
junal leak, none in this study, is low for all surgeons ex- 
perienced with this type of anastomoses, independent of 
technique.** 

One of the arguments against the use of staplers is the 
presumption that blood flow to the anastomoses is im- 
paired by the stapling clips. In fact, there is no previous 
study evaluating the circulation in anastomoses performed 
either manually or stapled. In this study, 15 um radio- 
actively labeled microspheres were used for blood flow 
measurements. This technique was previously used by 
-one of the authors’ in calculating anastomotic circulation 
in arteries. The method is known to be reliable for the 
gut, liver, and kidney because of only small amounts of 
sphere shunting.'!? The hyperemia in the anastomosis is 
presumably reflecting the metabolic demand in the healing 
phase and diminishes during time as the inflammatory 
reaction decreases. This inflammatory reaction that sub- 
sided with time was also confirmed by histology. In the 
esophagus with its low blood flow but high collagen con- 
centration, the anastomotic part increases its blood flow 
more than four times in 1 week following the resection 
and approaches the high flow in the more metabolically 
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active jejunal part. To the contrary, the collagen content 
is unaffected by time. The reverse is true for the small 
intestine, where collagen is increasing significantly while 
the circulation is almost unaffected. This equalizing ten- 
dency is further underlined by the fact that there is a strong 
correlation after 5 weeks between esophageal and jejunal 
bloodflow, i.e., with a good jejunal circulation comes a 
good circulation in the esophageal part of the anastomosis. 
This correlation is absent during the first week and the 
anastomotic parts are obviously here more dependent on 
their different origins. This scar tissue, successively 
achieving its own features, not esophageal, not jejunal but 
something in between, is equal for both the stapled and 
sutured anastomoses. 

Collagen, which is the dominating factor determining 
anastomotic strength,!® was in this study measured by 
estimation of hydroxyproline, which is known to be found 
almost exclusively in collagen.'! In this report, we ex- 
pressed collagen in relation to tissue dry weight, i.e., col- 
lagen concentration, as it can be speculated that the two 
techniques used could result in different wall thickness. 
In experiments studying bowel rest, where a mucosal 
atrophy is at hand,!”? measurement of collagen content 
would be more accurate. In our study, on the other hand, 
there is no bowel rest, as the pigs are given food orally 
from the second postoperative day. Therefore, it is unlikely 
that atrophy of noncollagenous substances should be at 
hand. Because of total gastrectomy in the resected groups, 
there is, however, one trophic hormone missing, gastrin. 
The controls with intact stomachs also have a lower col- 
lagen concentration in the intestinal part than the resected 
animals. This indicates that mucosal atrophy cannot 
completely be eliminated as a factor explaining the suc- 
cessive intestinal increase in collagen concentration. If 
intestinal mucosal atrophy is a factor, however, bringing 
a false increase in intestinal collagen concentration at the 
anastomotic site, then samples from other parts of the 
jejunum should also show increased collagen concentra- 
tion, which was not the case. 

In 1929, Saint and Mann”! pointed out that poor blood 
supply was an important reason for leaking esophageal 
anastomoses. The poor blood supply of the esophagus 
demonstrated in both controls and operated pigs is con- 
firmed by this study (Fig. 5). In the intestinal part of the 
anastomosis, there is a significant correlation after 1 week 
(Fig. 8) between blood flow and collagen concentration, 
i.e., with a higher blood flood comes a higher collagen 
concentration. This correlation is lacking in the esophageal 
part of the anastomoses after 1 week and in both parts 
after 5 weeks. Perhaps this increase of collagen is an effect 
of increased blood flow and an explanation why leakage 
of small intestinal anastomoses is rare. The anastomotic 
hyperemia also seen in the esophagus with its poor blood 
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FIG. 8. Regression analysis of blood flow versus collagen concentration 
in the intestinal part of the anastomosis | week after total gastrectomy. 
N = 10 (5 sutured and 5 stapled anastomoses); y = 159 F 22.36x; 
r = 0.66; p < 0.05. 


flow is not followed by increased collagen concentration, 
which might be a reason for the high leakage frequency 
of esophageal anastomoses. 

The breaking strength after 1 week, with the sutures 
left in place, reflects the strength of the suture material 
and the suture holding capacity of the tissue. After 5 weeks, 
the staples are still intact but the sutures absorbed. At this 
time, the increased breaking strength, the same in the two 
groups, indicates that the dominating factor determining 
anastomotic strength is the fibrous tissue and not the su- 
ture material. 


Conclusion 


Except for being faster, the stapled esophagojejunos- 
tomy after total gastrectomy in the pig is equal to the 
sutured procedure concerning leakage frequency, anas- 
tomotic index, breaking strength, blood flow, and collagen 
concentration | and 5 weeks after resection. Basing our 
conclusion on the results from the present study, we sug- 
gest that the stapled anastomoses should be attempted 
also in man. 
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BRIEF SUMMARY 
NOLVADEX: (tamoxifen citrate) 10 mg tablets 
indications and Usage: NOLVADEX is effective in the treatment of 
metastatic breast Cancer in postmenopausal women. Available evi- 
dence indicates that patients whose tumors are estrogen receptor 
positive are more likely to benefit from NOLVADEX therapy 

NOLVADEX in combination with cytotoxic chemotherapy following 
radical or moditied radical mastectomy is effective in delaying <ecur- 
rence of surgically curable breast cancer in postmenopausai women or 
women age 50 or cider with positive axillary nodes in the Hubay and 
NSABP 8-09 studies most of the benefit to date has been in the sub- 
group with 4 or more positive axiliary nodes. The contribution of the 
cytotoxic chemotherapy is uncertain. The estrogen and progesterone 
receptor values may help to predict whether the adjuvant therapy is 
likely to be beneticial 
Contraindications: None known 
Warnings: Ocular changes have been reported in a few patien'’s who 
as part of a clinical trial, were treated for periods greater than on year 
with NOLVADEX at doses at least four times the highest recommended 
daily dose of 40 mg. The ocular changes consist of retinopathy end. in 
some patients, there are also corneal changes and a decrease in visual 
acuity. 

in addition, a few cases of ocular changes inciuding visual distur- 
bance. corneal changes and/or retinopathy have been repone 
patients treated with NOLVADEX at recommended doses itis u 
tain if these effects are due to NOLVADEX 

As with other additive hormonal therapy (estrogens and androgens) 
hypercalcemia has been reported in some breast Cancer patients wih 
bone metastases within a few weeks of starting treatment with 
NOLVADEX. If hypercalcemia does occur, appropriate measures 
should be taken and, if severe, NOLVADEX should be discontinued 
Precautions: General: NOLVADEX should be used cautiously in 
patients with existing leukopenia or thrombocytopenia. Observateons 
of leukopenia and thrombocytopenia occasionally have been made 
but it is uncertain if these effects are due to NOLVADEX therapy. Tran- 
sient decreases in platelet counts, usually to 50.000-100,000/cu mm 
infrequently lower Nave been occasionally reported in patients taking 
NOLVADEX for breast cancer. No hemorrhagic tendency has been 
recorded and the platelet counts returned to normal levels even though 
treatment with NOLVADEX continued 

Laboratory Tests: Periodic complete blood counts. including piatelet 
counts, may be appropriate 

Carcinogenesis, Mutagenesis, impairment of Ferulity: While no con- 
ventional bioassay has been conducted, endocrine changes in 
immature and mature mice were investigated in a 13-month study Vari- 
ous tumors were found in ali treated groups 

No mutagenicity or tertility studies have been conducted 

Pregnancy Category C. NOLVADEX has been shown to affect re 
productive functions in rats when given at dose levels somewhat 
higher than the human dose. in reproductive studies in rats, develop- 
mental changes of the rib were seen. There are no adequate and weli- 
controlled studies in pregnant women. NOLVADEX should be used 
during pregnancy only if the potential benefit justifies the potential risk 
to the tetus 

Nursing Mathers. itis not known whether this drug is excreted in 
human miik. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infants 
trom NOLVADEX, a decision should be made whether to discontinue 
nursing or to discontinue the drug, taking into account the importance 
of the drug to the mother 
Adverse Reactions: The most frequent adverse reactions to 
NOLVADEX are hot flashes, nausea, and vomiting. These may occur in 
Jp to one-fourth of patients, but are rarely severe enough to require 
discontinuation of treatment 

Less frequently reported adverse reactions are vaginal bleeding 
vaginal discharge, menstrual irregularities, and skin rash. Usually 
these have nat been of sufficient severity to require dosage reducticn 
or discontinuation of treatment 

Increased bone and tumor pain, and also local disease flare have 
occurred, which are sometimes associated with a good tumor re- 
sponse. Patients with increased bone pain may require additional 
analgesics. Patients with soft tissue disease may have sudden in- 
creases in the size of preexisting lesions, sometimes associated wit? 
marked erythema within and surrounding the lesions, and/or the de- 
velopment of new lesions. When they occur. the bone pain or disease 
fiare are seen shortiy after starting NOLVADEX and generally subside 
rapidly 

Other adverse reactions which are seen infrequently are hyper- 
calcemia, peripheral edema. distaste for food, pruritus vulvae. 
depression, dizziness, light-headedness, and headache. There have 
been infrequent reports of thromboembolic events occurring dunng 
NOLVADEX therapy. Since for cancer patients in general, an increased 
ircidence ot thromboembolic events is known ta occur, a causal rela 
tionship to NOLVADEX remains conjectural. An increased incidence 
has been reported when cytotoxins are combined with NOLVADEX 

if adverse reactions are severe, itis sometimes possible to contro! 
them by a simple reduction of dosage without loss of controi of the 
desease 
Overdosage: Acute overdosage in humans has not been reported 
Signs observed at the highest doses following studies to determine 
Liso in animals were respiratory difficulties and convuisions. No spe- 
cic treatment for overdosage is known. treatment must be 
symptomatic 
Dosage and Administration: One or two 10 mg tablets twice a day 
(morning and evening) 
How Supplied: Tablets containing tamoxifen as the citrate in an 
amount equivalent to 10 mg of tamoxifen (round. biconvex. uncoated 
white tablet identified with NOLVADEX 600 debossed on one side and 
a cameo debossed on the other side} are supplied in bottles of 60 
tablets and 250 tablets. Protect fram heat and light 
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ZANTAC DOES NOT AFFECT BLOOD LEVELS 


OF OTHER MEDICATIONS METABOLIZED BY 








THE HEPATIC CYTOCHROME F-450 SYSTEM, 
SUCH AS DIAZEFAM.! _ ee eee 


o The bioavailability of certain medications whose absorp- 
tion is dependent on a low gastric pH may be altered when_ 








ZANTAC, cimetidine and other medications which decrease 
gastric acidity are administered. 
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*It is not known exactly how much inhibition of gastric 


acid secretion is required to heal ulcers. 


See ADVERSE REACTIONS section of Frescribing Information 
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ZANTAC* INJECTION (ranitidine hydrochloride) 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: ZANTAC® Injection Is indicated: 

In some hospitalized patients with pathological hypersecretory conditions or intractable 
duodenal ulcers, or as an alternative to the oral dosage form for short-term use in patients 
who are unable to take oral medication. 

CONTRAINDICATIONS: ZANTAC® is contraindicated for patients known to have hyper- 
sensitivity to the drug 

PRECAUTIONS: General: 

1. Symptomatic response to ZANTAC® therapy does not preclude the presence of gastric 
malignancy. 

2. Since ZANTAC is excreted primarily by the kidney, dosage should be adjusted in 
patients with impaired renal function (see DOSAGE AND ADMINISTRATION). Caution 
should be observed in patients with hepatic dysfunction since ZANTAC is metabolized in 
the liver. 

3. In controlled studies in normal volunteers, elevations in SGPT have been observed 
when H3 antagonists have been administered intravenously at greater than recommended 
doses for 5 days or longer. Therefore, it seems prudent in patients receiving IV ranitidine 
at doses greater than or equal to 100 mg qid for periods of 5 days or longer, to monitor 
SGPT daily (from day 5) for the remainder of IV therapy. 

Laboratory Tests: False positive tests for urine protein with Multistix® may occur during 
ZANTAC therapy, and therefore testing with sulfosalicylic acid is recommended 

Drug Interactions: Although ZANTAC has been reported to bind weakly to cytochrome P- 
450 in vitro, recommended doses of the drug do not inhibit the action of the cytochrome 
P-450-linked oxygenase enzymes in the liver. However, there have been isolated reports 
of drug interactions which suggest that ZANTAC may affect the bioavailability of certain 
drugs by some mechanism as yet unidentified (eg, a pH-dependent effect on absorption 
or a change in volume of distribution). 

Carcinogenesis, Mutagenesis, Impairment of Fertility: There is no indication of tumori- 
genic or carcinogenic effects in lifespan studies in mice and rats at oral doses up to 2000 
mg/kg/day. 

Ranitidine was not mutagenic in standard bacterial tests (Sa/monella, E coli) for 
mutagenicity at concentrations up to the maximum recommended for these assays 

In a dominant lethal assay a single oral dose of 1000 mg/kg to male rats was without 
effect on the outcome of 2 matings per week for the next 9 weeks. 

Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed 
in rats and rabbits at oral doses up to 160 times the human oral dose and have revealed 
no evidence of impaired fertility or harm to the fetus due to ZANTAC. There are, however, 
no adequate and well-controlled studies in pregnant women, Because animal reproduc 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers: ZANTAC is secreted in human milk. Caution should be exercised when 
ZANTAC is administered to a nursing mother. 

Pediatric Use: Safety and effectiveness in children have not been established 

Use in Elderly Patients: Ulcer healing rates in elderly patients (65-82 years) treated with 
oral ZANTAC were no different from those in younger age groups. The incidence rates for 
adverse events and laboratory abnormalities were also not different from those seen in 
other age groups. 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injections has been 
reported. Transient local burning or itching has been reported with intravenous adminis- 
tration of ZANTAC®. 

The following have been reported as events in clinical trials or in the routine manage- 
ment of patients treated with oral ZANTAC. The relationship to ZANTAC therapy has been 
unclear in many cases. Headache, sometimes severe, seems to be related to ZANTAC 
administration 
Central Nervous System: Rarely, malaise, dizziness, somnolence, insomnia and vertigo 
Rare cases of reversible mental confusion, agitation, depression and hallucinations have 
been reported, predominantly in severely ill elderly patients. 
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Cardiovascular: Rare reports of tachycardia, bradycardia, premature ventricular beats. 
Gastrointestinal: Constipation, diarrhea, nausea/vomiting, abdominal discomfort’pain. 
Hepatic: In normal volunteers, SGPT values were increased to at least twice the pre- 
treatment levels in 6 of 12 subjects receiving 100 mg qid IV for 7 days, and in 4 of 24 
subjects receiving 50 mg qid for 5 days. With oral administration there have been 
occasional reports of reversible hepatitis, hepatocellular or hepatocanalicular or mixed, 
with or without jaundice 

Musculoskeletal: Rare reports of arthralgias. 

Hematologic: Rare reports of reversible leukopenia, granulocytopenia, thrombocytopenia 
and pancytopenia. 

Endocrine: Controlled studies in animals and man have shown no stimulation of any 
pituitary hormone by ZANTAC (ranitidine hydrochloride), no anti- androgenic activity, and 
cimeticine-induced gynecomastia and impotence in hypersecretory patients have 
resolved when ZANTAC was substituted. However, occasional cases of gynecomastia, 
impotence and loss of libido have been reported in male patients receiving ZANTAC, but 
the incidence did not differ from that in the general population. 

Integumental: Rash and, rarely, alopecia. 

Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosino- 
philia), small increases in serum creatinine. 

OVERDOSAGE: There is no experience to date with deliberate overdosage. Clinical moni 
toring and supportive therapy should be employed. 

Studies in dogs receiving doses of ZANTAC® in excess of 225 mg/kg/day have shown 

muscular tremors, vomiting, and rapid respiration. Single oral doses of 1000 mg/kg in 
mice and rats were not lethal. Intravenous LDso values in rat and mouse were 83 mg/kg 
and 77 mg/kg, respectively. 
DOSAGE AND ADMINISTRATION: Parenteral Administration: In some hospitalized 
patients with pathological hypersecretory conditions or intractable duodenal ulcers, or in 
patients who are unable to take oral medication, ZANTAC* may be administered paren- 
terally according to the following recommendations: 

Intramuscular Injection: 50 mg (2 ml) every 6-8 hours. (No dilution necessary.) 

Intravenous Injection: 50 mg (2 ml) every 6-8 hours. Dilute ZANTAC Injection, 50 mg, 
in 0.9% Sodium Chloride Injection or other compatible IV solution (see Stability of 
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level of circulating ranitidine. Ideally, the dosage schedule should be adjusted so that the 
timing of a scheduled dose coincides with the end of hemodialysis 
Stability of ZANTAC Injection: ZANTAC Injection is stable for 48 hours at room tempera- 
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Noninvasive Diagnostic Techniques in Vascular Disease, 3rd 
Edition. Eugene F. Bernstein. 919 pp. St. Louis, C. V. Mosby 
Co. 1985. $99.95, 


AS THE AUTHORS NOTE, recent years have witnessed an explosive 
increase in our knowledge of vascular diagnostic techniques and 
data interpretation, which together form the underpinnings of 
much of the modern practice of vascular surgery. Accordingly, 
Bernstein has produced the third edition of his text on vascular 
laboratory diagnostic techniques only 3 years after the second 
edition. The present edition is much changed and has expanded 
to nearly 1000 pages with 75 authors and 87 chapters. The first 
one third of the book presents the theoretic bases for the tests 
described in the remainder of the volume. The sections are gen- 
erally divided into carotid testing, peripheral arterial testing, and 
peripheral venous testing. 

A number of criticisms are obvious. The quality and relevance 
of the chapters are quite uneven, as is seemingly inevitable in a 
multiauthored text of this length. While most are well focused 
and clear, others ramble on interminably; some are so short as 
not to warrant chapter identification; others rapidly ascend to 
such esoteric levels of physics and mathematics as to be unin- 
telligible to most (or at least to this reviewer). I am surprised by 
the amount of space devoted to subjects conventionally assigned 
to radiology, including radionuclide imaging, digital subtraction 
angiography, video dilution angiography, and the new techniques 
of magnetic resonance imaging (still called NMR in this text) 
and positron emission tomography. I feel that these subjects 
miss the intended audience and easily could have been omitted 
in the interest of size and cost reduction. In a niggling vein, this 
book contains more typographical and reference errors than I 
would expect from this excellent publisher. 

Interestingly, some of the best chapters in the book do not 
relate directly to vascular lab techniques but were added by the 
editor apparently to provide clinical perspective for the area of 
vascular diagnosis under discussion. The chapter by Bernstein, 
“Clinical Spectrum of Ischemic Cerebrovascular Disease,” pro- 
vides the most thorough and succinct summary of this subject 
that I have ever read. Other excellent chapters include “‘Distri- 
bution of Cerebrovascular Disease” by Thiele, “Evolution of 
Carotid Disease” by Roderer and Strandness, and “Asymptom- 
atic Carotid Disease” by Barnes. The several chapters by Sumner 
stand as models of expository writing, and his final chapter on 
critical data analysis is a classic. 

On balance, the shortcomings of this book are few and its 
merits are many. The previous editions have stood as the classic 
text for noninvasive vascular diagnosis, and this expanded third 
edition will serve to enhance the stature earned by the first two 
editions. This volume is recommended without reservation to 
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all interested in vascular diagnostic techniques and should cer- 
tainly be available in every vascular diagnostic laboratory. 


JOHN M. PORTER, M.D. 
Portland, Oregon 


Johnson’s Surgery of the Chest, 5th Edition. John A. Waldhau- 
sen, William S. Pierce. 536 pp. Chicago, Year Book Medical 
Publishers, Inc., 1985. $65.00. 


FOR A NUMBER of years, Surgery of the Chest, originally edited 
by Julian Johnson and Charles Kirby, remained a classic volume 
for thoracic surgeons. Drs. Waldhausen and Pierce have provided 
an outstanding revision of this book, last published 15 years ago. 
The volume is replete with clear illustrations that easily provide 
a comprehensive understanding of most modern thoracic and 
cardiac operations. Although text material is quite succinct, a 
complete review of pertinent didactic material accompanies the 
superb medical artwork of Beisel and Hill. 

The lengthy section on pulmonary surgery reviews detailed 
techniques for performing the lobectomy, pneumonectomy, and 
various segmental resections. Although classic principles are 
abundant, little information relates to modern mechanical sta- 
plers in pulmonary surgery. This may be a goal for subsequent 
editions as staplers are used liberally today. Helpful sections 
deal with management of superior sulcus tumors, tracheal prob- 
lems, and bronchoplastic procedures. The classic esophagectomy 
and newer blind procedures are covered well and include end- 
to-end stapling techniques. 

Over half of the book is devoted to cardiac surgery. Techniques 
for establishment of cardiopulmonary bypass, intra-aortic bal- 
loon pumping, and left ventricular assist are shown effectively. 
Moreover, current methods for repairing most common con- 
genital heart defects are illustrated particularly well and include 
the Mustard, Senning, and arterial switch operations for great 
vessel transpositions. Also, repair procedures for double outlet 
ventricles, tricuspid atresia (Fontan), and ventricular outflow 
obstruction (Konno) are provided in great illustrative detail. 
However, current surgical therapy for the hypoplastic left heart 
syndrome has been omitted. The authors are to be complimented 
especially for this section as great clarity prevails. Most major 
operations for acquired disease are covered briefly. Additional 
details of newer valvuloplastic and internal mammary coronary 
grafting techniques may have been optimal. Lastly, both ortho- 
topic and heterotopic cardiac as well as combined heart-lung 
transplantation are covered effectively. 

In summary, this excellent book provides a clear, rapid un- 
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derstanding of most current thoracic surgical techniques. Com- 
plete discussions of surgical pathophysiology and operative 
complications were not intended, but this absence does not de- 
tract from the impact of this illustrative volume. Drs. Waldhau- 
sen and Pierce have accomplished their task effectively, and 
Johnson’s Surgery of the Chest again will be a welcome addition 
to residents and senior thoracic surgeons alike. 


W. RANDOLPH CHITWOOD, JR., M.D. 
Greenville, North Carolina 


Advances in Hepatic, Biliary and Pancreatic Surgery. John S. 
Najarian and John P. Delaney. 617 pp. Chicago, Year Book 
Medical Publishers, Inc., 1985. $69.95 


THIS DELIGHTFUL BOOK provides a different kind of review of 
a variety of topics currently of interest to surgeons. A keep-you- 
on-your-toes theme seems to dominate the organization and 
content of this volume generated from a continuing education 
course at the University of Minnesota. The book on “hepatic, 
biliary, and pancreatic surgery” initially seems to try to catch 
you off guard in that the first three chapters are not on disease 
of these organs but rather on the spleen. This is understandable 
from the standpoint that the chapters are reported to be taken 
directly from lectures given in the course. The chapters are, 
however, immensely readable, and this looseness of organization 
serves to make the reader stay alert, not being able to predict 
what the following pages will contain. 

Many of the topics are timely and exciting, including chapters 
on pancreas divisum by Thomas Taylor White, the current status 
of pancreatic transplantation by Drs. Sutherland, Goetz, and 
Najarian, and cost-effective laboratory diagnosis of jaundice by 
Drs. Eiseman and Jurkovich. The book contains the perspectives 
of many respected authorities on difficult subjects, such as Drs. 
Mercadier, Brooks, Martin, and Gunderson’s chapters on car- 
cinoma of the pancreas, and Drs. Moody, DenBesten, and Ho- 
gan’s views about biliary and papillary disease. Technical tricks 
in upper abdominal surgery by Dr. Zollinger, the discussions of 
the peritoneo-jugular shunt by Dr. LeVeen, and the views on 
hepatic tumors by Drs. Schwartz, Adson, Grage, and Stallings 
are just some of the other highlights. In all there are 54 chapters 
and 63 contributors. The eminence of the contributors and their 
personal perspectives on the various topics is what makes this 
book fascinating and instructive. 

The panel discussions are particularly lively. In fact, the reader 
car: sense that the panel discussion moderated by Dr. Zollinger 
provoked a moderate amount of anxiety. The transcripts of these 
spontaneous discussions somehow provoke the reader to seek 
more information. In summary, this book is a fun way to con- 
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tinue our surgical education about hepatic, biliary, pancreatic, 
and splenic disease. 


WILLIAM C. MEYERS, M.D. 
Durham, North Carolina 


Controversies in Cancer of the Breast and Colon in the series 
Problems in General Surgery (Vol. 2, No. 2). Thomas F. Nealon, 
Jr. 282 pp. Philadelphia, J. B. Lippincott Co. 1985. 


THIS SLIM VOLUME is devoted to problems related to two of the 
major general surgical cancers, i.e., those of the breast and colon. 
The volume is divided into six chapters devoted to the breast 
and 10 to the colon. The editor has provided two brief overviews 
succinctly summarizing the problems relating to these topics. 
These sections immediately precede the chapters devoted to the 
lesions in question. 

The contributors are nationally known for their clinical work 
in the areas discussed. In the section on the breast, Phil Strax 
discusses the current state of mammography. This is followed 
by three chapters on various forms of limited therapy to breast 
cancer by Michael Osborne of Memorial Sloan Kettering, Blave 
Cady at the New England Deaconess, and Hugh Auchincloss a: 
Columbia Presbyterian. These articles nicely summarize the data 
concerning limited resections, although none of the data pre- 
sented from the author’s series is from a randomized control 
study. The editor, Tom Nealon, has contributed a section on 
the use of histology to determine the extent of the operative 
procedure to be used. Two plastic surgeons, Mary McGrath (pro) 
and Reuven Snyderman (con), discuss the pros and cons of im- 
mediate postmastectomy breast reconstruction versus delayed 
reconstruction. 

In the section on the colon and rectum, a chapter on the 
current use of fecal occult blood testing for early detection and 
a chapter on colonoscopy precede four chapters on various lim- 
ited approaches to rectal cancer ranging from local excision to 
abdominal sacral resection for midrectal cancer as proposed by 
Eng and Localio. Three chapters concern the use of radiation 
therapy together with surgery, one on preoperative radiation, 
one on postoperative radiation, and one on intraoperative ra- 
diation. Finally, the controversies for adjuvant therapy in co- 
lorectal cancer are reviewed by Grossi and Nealon. 

This volume presents a nice review of the state-of-the-art and 
some of the controversies relating to those two important tumors. 
The illustrations, charts, and graphs are neatly done and easily 
decipherable. This should provide an excellent review for house 
officers at any level and for general surgeons in practice. 


BENJAMIN F. RUSH, JR., M.D. 
Newark, New Jersey 
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CHIEF, SURGICAL SERVICE - Veterans Administration 
Medical Center, Portland, Oregon (VAMC), invites applica- 
tions and nominations for the position of Chief, Surgical 
Service. The VAMC is a major teaching hospital affiliated with 
the Oregon Health Sciences University. The VA Surgical Ser- 
vice plays a central role in the training and research missions of 
the Department of Surgery in the School of Medicine. Appli- 
cants must be Board Certified, qualified for the rank of 
Professor of Surgery, and must have demonstrated superior 
ability and experience in clinical surgery, teaching, research, 
and administration. The VAMC is a two division medical center 
with a 490-bed acute care hospital which will move into a 
replacement hospital and research facility in 1987. Nominations 
and applications should be sent by June 15, 1986 to Wm. Ted 
Galey, M.D., Chairman, Chief of Surgery Search Committee, 
Department of Pathology (113A), VA Medical Center, P.O. 
Box 1034, Portland, Oregon 97207. Equal Opportunity 
Employer. 


General/CV Surgeon: BC/ BE wanted to join established prac- 
tice in No. Va. area. Needed to assist surgeons in operative and 
perioperative care of cardiac/thoracic/ vascular patients. Please 
respond with curriculum vitae to VA Heart Surgery Assoc., 
3301 Woodburn Rd., Suite 301, Annandale, VA 22003. 


CALIFORNIA, San Francisco: Attending faculty, emergency 
medicine. Full time faculty position available in the Emergency 
Dept. of San Francisco General Hospital, a 450-bed teaching 
hospital affiliated with the University of California, San Fran- 
cisco. The department sees 86,000 patients annually and serves 
as the trauma center and base station hospital for San Fran- 
cisco. Training and board certification or board eligibility in 
surgery required. Address inquiries to Alan Gelb, M.D., Emer- 
gency Department, San Francisco General Hospital, 1001 
Potrero Ave., Rm. IE21, San Francisco, CA 94110; 
415/821-8118. University of California, San Francisco is an 
Affirmative Action/Equal Opportunity Employer. Women and 
minorities are encouraged to apply. 
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General Surgeon experienced 
in Critical Care and clinical research 
to be the Assistant Chief of Surgery/ 
Director, Critical Care in a 580-bed 
Vanderbilt University Affiliated Hos- 
pital. Excellent opportunity of 
patient care, teaching and research. 
Academic rank and salary commen- 
surate with qualifications. 

Please send C.V. and inquiry to: 

J. Raymond Fletcher, M.D., Ph.D., 
Department of Surgery, 

Saint Thomas Hospital, 

4220 Harding Road, 

P.O. Box 380, 

Nashville, TN 37202. 
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SURGERY - General - Practice available - this GS practice in 
New Jersey near NYC is a unique opportunity for the physician 
interested in a broad practice. Send C. V. to HEALTH CARE 
PERSONNEL CONSULTING, INC., 400 GSB Building, One 
Belmont Avenue, Bala Cynwyd, Pa. 19004. 215-667-8630. 





GENERAL/VASCULAR SURGEON — WANTED - Solo 
physician with large volume surgical practice located in central 
Maine seeks BC/BE associate. Salary negotiable Partnership 
potential. For more information and/or candidate considera- 
tion, contact: Linda P. Lanchack, R.N., Physician 
Recruiter/Consultant, 400 GSB Bldg., 1 Belmont Avenue, Bala 
Cynwyd, Pa. 19004. 





General Surgeon - Sunbelt hospital, medical staff of thirty-six 
physicians located in a community of 40,000 is seeking board 
eligible/ certified specialist to locate in November of 86. Finan- 
cial assistance and partnership opportunities available. Located 
on hour from Atlanta metro plex. Please forward your inquiry 
and curriculum vitae to: Howard D. Clem, Sr., Administrator, 
4800 - 48th Street, Valley, Alabama 36854. 


GENERAL SURGEON BC/BE. To join general surgeon in 
busy central Illinois practice. Practice takes in entire range of 
general surgery. Thoracic, peripheral vascular, and/or procto- 
logic experience helpful, but not required. Send inquiries to: J. 
Kevin Paulsen, M.D., 120 N.E. Glen Oak, Suite 208, Peoria, 
Illinois 61603. 


the facts _ 
are known in 
eritonitis 


Fact: Bacteriology 
Bacteriology 
in peritonitis is often 
mixed; Escherichia coli 
and Bacteroides fragilis 
are the most common 
etiologies. 


Seriousness 
Peritonitis is often life- 
threatening—surgery 
plus an appropriate 
antibiotic can be critical 
to recovery. 


Complications 
Systemic effects of the 
infection—volume depletion 
with hemoconcentration— 
may lead to shock and severe 
renal damage. 
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and in the 
treatment 
Ob ua 
peritonitis 


Fact: Consistent spectrum of activity” 
MEFOXIN has maintained its high level of activity 
against the common pathogens in peritonitis during 
seven years of extensive clinical use. 


Fact: Documented clinical efficacy 
Studies have documented that the efficacy of 
MEFOXIN is comparable to the combination of 
clindamycin and tobramycin in the treatment of 
intraabdominal infections. 


Fact: Safety comparable to cephalothin 
MEFOXIN is generally well tolerated. MEFOXIN does 
not contain the MTT side chain which has been 
associated with hypoprothrombinemia and, in some 
cases, Clinical bleeding. 


Pseudomembranous colitis, from mild to life-threatening in severity, has been reported with 
virtually all antibiotics (including cephalosporins); therefore, it is important to consider its 
diagnosis when diarrhea develops in association with antibiotic use. 

*MEFOXIN is indicated for peritonitis caused by Escherichia coli, Klebsiella species, Bacteroides species 


including Bacteroides fragilis group, and Clostridium species. 
** In vitro activity does not necessarily imply in vivo effectiveness. 
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tory disease, caused by E. coli, N. gonornoras (penicillinase and non-penicillinase producing), 
Bacteroides species including the B. fragilis group.§ Clostridium species, Peptoeoccus species, 
Peptostreptococcus species, and group B streptococci 
SEPTICEMIA caused Strep. pneumoniae (formerly D. pneumoniae), Sap aureus (penicil- 
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including the B. fragilis group.§ 
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producing 
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portant to consider its diagnosis when diarrhea develops in association with 
antibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by Clostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may respond to drug discontinuance alone; in more severe cases, 
management may include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and protein supp ementation, and use of a drug such as oral bl al isolation of the patient 
may be advisable. Other causes of colitis should also be considered. 
Precautions: Genera/— Total daily dose should be reduced in patients with reduced urinary out- 
put due to renal insufficiency because high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, particularly Colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
repeated evaluation of the patient's condition is essential. If superinfection occurs, take appropri- 
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tration of cephalosporins and aminoglycoside antibiotics. 
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Chief of Surgery—Veterans Administration Medical Center, 
Phoenix, AZ, 470-bed acute care facility with 124 surgical beds, 
and residency programs in general surgery, orthopedics, anes- 
thesia and ophthalmology. Dean’s Committee affiliation with 
University of Arizona School of Medicine. Candidates must be 
board certified and preferably with administrative and aca- 
demic experience. Excellent benefits and malpractice coverage. 
Academic appointment available. Equal opportunity employer. 
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ucation was developed by the Advisory Board of 
Medical Specialties. Among its responsibilities, the 
Commission was charged “to formulate the educational 
problems and principles involved in the continuation of 
medical training for a period of years after graduation and 
the adequate training of specialists. . . .” The report of 
the Commission was published by the University of Chi- 
cago Press in 1940. Several surgeons of distinction were 
members, and these included Donald C. Balfour, Everts 
A. Graham, J. Stewart Rodman, and Allen O. Whipple.! 
The Commission indicated that, while the terms “‘res- 
ident” and “resident physician” had been in use for longer 
than a century, it was not until the opening of the Johns 
Hopkins Hospital in 1889 that “resident” obtained its 
present meaning. Today, as it was when Welch, Osler, 
Halsted, and Kelley developed residency programs at the 
Johns Hopkins, “residents” is applied to physicians in 
training in a specific field of medical expertise. Intrinsic 
to this educational adventure was the emphasis on the 
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fundamental importance of the basic sciences to the un- 
derstanding of clinical specialties. In my opinion, this is 
the most important legacy among the many which the 
first Hopkins faculty bequeathed to our latter generations. 
Since 1925, when the American Medical Association 
published its first list of hospitals offering residencies, and 
to the present time, the funding of this educational activity 
has been of some concern to both hospitals and medical 
schools. In 1940, the Commission estimated that “. . . a 
hospital with good standards can easily develop a full ed- 
ucational program for interns and residents at a cost of 
from 15 to 25¢ per patient day.”! A comparison of resi- 
dency costs for 1940 with those of the 1980s offers little 
but macabre humor. The 40 years or so that have tran- 
spired have been witness to (1) staggering inflation; (2) 
sweeping attitudinal changes concerning mores, the con- 
cepts of individual rights (i.e., the “right to health care”), 
etc.; and (3) the public recognition that “residency edu- 
cation” is inextricably entwined with the provision of 
medical services for which compensation should be pro- 
vided. Despite these caveats, it is interesting to note that 
the cost estimates for a residency program of 1940 con- 


_ ducted in a hypothetical 500 bed hospital may be calcu- 
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lated to have been on average $31,000 per year. In 1983, 
the mean expenditures of such a hospital for its residency 
program amounted to $3.24 million. If one assumes the 
decrease of 10% per year in the value of the dollar and if 
this were the only factor involved in the increased cost of 
education, then the cost in 1983 should have been about 
$130,000 and not 25 times higher. 

Clearly the principles of compensation for residents 
have changed greatly over these past 40 odd years. The 
Commission reported as follows: ““When educational op- 
portunities have been available the residency becomes a 
graduate discipline for which pay should not be expected. 
It is interesting to note that the most sought for oppor- 
tunities are most frequently those that carry little or no 
stipend.” The report goes on: “. . . after admitting this 
principle, it is nevertheless felt that the resident should 
receive some allowance so that a long period without 
compensation may not injure his social outlook.” 

It seems quite clear that the remuneration policies that 
evolved during these 40 odd years should have been re- 
sponsible for the rosiest of social outlooks. A hypothetical 
500 bed hospital spends about $2.3 million or 71% of its 
total cost for its training program on stipends. This esti- 
mate was derived by using the median PGY-3 salary as 
the median resident stipend for the hospital in question. 
Presumably, the remaining 29% involved management 
costs as well as the costs of fringe benefit programs for 
trainees. Overall, the costs have increased 1000% uncor- 
rected for inflation, and perhaps inflation accounts for 
approximately half of that figure, or 500%. Thus, the 
striking increase in the cost of graduate education cannot 
be ascribed totally to the effects of inflation but rather to 
the recognition that, in the course of this activity, the 
residents contribute almost immeasurably to the quality 
and quantity of hospital services that are rendered to pa- 
tients. Presently, these contributions are recognized and 
are being purchased in a manner similar to other services. 

The escalation in the cost of education has affected not 
only the hospitals involved, but the universities as well. 
A complete presentation of the process whereby more than 
100 of this country’s leading universities became so deeply 
involved with the responsibilities of postdoctoral medical 
education is beyond the scope of this brief essay. It is 
clear, however, that in the beginning there was the report 
by Flexner in 1910. This report to the Carnegie Foun- 
dation addressed three major concerns, as summarized 
recently by Coggeshall: “(1) The urgent requirement for 
stringent overall raising of standards of admission and 
instruction, (2) the importance of relating medical edu- 
cation to the universities and placing it under their juris- 
diction as a discipline controlled and correlated with the 
liberal arts, (3) the need to provide full-time staff and fa- 
cilities that would combine instruction and research in a 
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setting that would provide experience in the laboratory 
and hospital as well as in the lecture hall.” 

Thus the presence of the university in today’s hospitals 
was assured by the universal acceptance of this monu- 
mental report by Flexner. This presence grew slowly until 
after World War II, when a strong commitment to 
biomedical research and medical education became na- 
tional policy. In 1950, the Omnibus Medical Research 
Act was passed, and, as a result, “significant financial as- 
sistance for faculty and for the education of physicians” 
became available. In the 60s and ’70s, the 88th through 
the 94th Congresses enacted legislation designed to expand 
medical education by direct financial assistance to medical 
schools. This was translated into more students and more 
faculty in hospital corridors. Concomitantly, university- 
hospital affiliations flourished like proverbial weeds. In 
1962, 28% of the hospitals with approved surgical resi- 
dency programs were affiliated with medical school de- 
partments, and by 1973 this had increased to 71%. In 
1975, 91% of all residency positions in surgery were to be 
found in affiliated hospitals.’ Without doubt, medical 
schools and their parent universities assumed responsi- 
bility to a large degree directly or indirectly for patient 
care. 

In 1965, Coggeshall described the “need to view medical 
education as a continuum. ”? He pointed out that the new 
graduates of medical schools were not qualified to practice 
medicine. His report urged appropriate interpretative 
planning beginning with the baccalaureate curriculum and 
continuing through postdoctoral education. The report 
goes on: “. . . it is increasingly clear that the need of the 
future is for the university to assume comprehensive re- 
sponsibility of medical education—extending to the 
premedical student, the medical student, the intern, the 
resident and the practicing physician. While the univer- 
sities cannot in the foreseeable future be expected to ex- 
ercise control over all intern and resident training, the 
greatest possible effort should be made to move in this 
direction.”? This sentiment was echoed in the report of 
the Citizens Commission on Graduate Medical Education 
(1966)* in a call to make the relationship between the 
university and graduate medical education closer than 
existed at that time. 

Whether the increase in the numbers of medical school- 
hospital affiliations reflects the acceptance of the Cog- 
geshall and Millis viewpoints is not clear. The affiliation 
agreements have come in diverse forms. In some hospitals, 
the influence of the universities is much apparent, with 
active research programs, educational innovations, and 
full-time faculty in the hospitals. In others, this influence 
is limited to a scrap of paper signed by appropriate ad- 
ministrators for both entities and usually involving the 
unilateral flow of some monies from hospital to university. 
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To return to my central concern with cost, it should be 
clear that the fiscal responsibility of the university to a 
program in graduate medical education is dependent to 
a considerable degree on the affiliation agreement per se 
as well as the societal responsibilities of the hospital con- 
cerned. In this regard, the fiscal problems faced by these 
affiliations may be myriad indeed. Consider only the di- 
verse relationships as reflected by the ownership of the 
university, i.e., public or private; the character of the hos- 
pital, i.e., public or private; and the sizes of the respective 
endowments. 

What are these problems? I believe that there have 
arisen two major ones that could threaten the fabric of 
these hospital affiliations with the potential to force some 
universities away from their heretofore evolving role in 
graduate medical education. Unfortunately, the bottom 
line of both these concerns is money. 

The first has been present since the earliest days of the 
evolution of graduate medical education. It concerns 
meeting the direct and indirect costs of graduate medical 
education. In 1984, the Association of American Medical 
Colleges”? survey of stipends paid to housestaff showed 
that 81% were derived from hospital patient revenues. 
The measure of this dependency on patient income is 
consistent with private insurance reimbursement policies 
and, originally, “with Congressional intent for the Medi- 
care program.” Prior to the enactment of medicare pro- 
spective payments, the Social Security Administration 
paid its share of educational costs on a reimbursement 
basis. Presently, a so-called pass through provides the 
method for at least a portion of such reimbursement, de- 
spite the fact that these monies were meant to reimburse 
the teaching hospitals for the greater complexity of the 
medical care rendered as well as to provide some reim- 
bursement for the greater amount of care afforded the 
indigent. The position of the Congress has been that it is 
not appropriate to include educational costs in the DRG 
payments per se. However, the additional products that 
these pass through monies have purchased include trained 
medical, nursing, and allied health personnel numbering 
in the hundreds of thousands, new health care technol- 
ogies, and the provision of complex patient services. The 


scope of the latter is truly formidable. The 332 teaching _ 


hospitals in the Council of Teaching Hospitals of the As- 
sociation of American Medical Colleges comprise a mere 
5% of all the hospitals in this country, but as pointed out 
by Colloton:® 


— “admit approximately 20% of the patients hospital- 
ized in the United States; 

—diagnose and treat 31% of ambulatory patients; 

—operate more than half of the burn care units of our 
nation; 
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—supply 44% of organ transplant services; 

—provide 40% of open heart surgical services; ` 

—operate more than 4 of the nation’s newborn inten- 
sive care units.” 


As medicare costs continue to escalate, the adminis- 
tration and Congress in turn continue to search for mech- 
anisms to reduce expenditures. The $6 billion of pass 
through monies looms fat and ripe for trimming. In fact, 
the process has begun. on Friday, July 5 of this year, the 
Department of Health and Human Services published the 
rule that imposes a freeze on the pass through monies 
reimburseable to providers and has stipulated that this 
limit on these funds will be based on the providers’ cost 
between October 1983 and October 1984. The Association 
of American Medical Colleges was strongly opposed to 
this regulation. In addition, at least four bills have been 
introduced into the Congress that seek to limit federal 
expenditures in this area. As a generalization, I think it 
is fair to say that, explicit or not, these bills share some 
common aims that include: (1) reduction of the cost of 
graduate medical education whether the reimbursement 
responsibility rests with the social security agency or an- 
other, (2) correction of the perceived imbalance in the 
numbers of specialists as compared to primary physicians, 
and (3) elimination of the further introduction of foreign 
medical graduates into medical practice in the United 
States. 

The federal goverment’s increasingly tough posture vis- 
a-vis foreign medical graduates has been stimulated by 
the recent (December 1983) exposure of fraud involving 
two foreign medical schools. The sale of fraudulent med- 
ical credentials involved the cooperation of two schools 
in Santo Domingo known by their respective acronyms 
CETEC and CIFAS. 

Presently, there are insufficient data on which to base 
a prediction as to the specific effects that such legislation 
may have on graduate medical education. However, it 
seems widely held that at least some of our teaching hos- 
pitals may be forced to abandon operation and that the 
relationships between teaching hospitals, particularly 
public ones and universities, are or will be sorely tested. 

The second major problem that has arisen in some 
communities and lurks in the offing for all is concerned 
with the effect of malpractice litigation on the viability of 
hospital-university affiliations. This is particularly acute 
for the medical center that involves a large public hospital 
with responsibility for a large indigent population, and a 
private university. In some instances, the public hospital 
enjoys sovereign immunity that limits its liability. The 
result in our community is that the plaintiffs bar has suc- 
cessfully sued the university for medical malpractice on 
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the basis of the affiliation agreement between hospital and 
school. 

The basic affiliation document between the Public 
Health Trust and the University that was in effect prior 
to September 1981 stipulated that: 


—The University shall, through its faculty, assist in 
and share the responsibilities of the establishment of 
uniform high standards of medical care, be account- 
able to the Trust for the administration of such stan- 
dards of medical care, and assist the Trust in the 
general management and supervision of operations 
and the training of housestaff. 

—teaching and patient care shall at all times be carried 
on and supervised by members of the faculty of the 
medical school; 

—the parties do hereby agree to affiliate and to coop- 
erate for their mutual benefit in the operation of the 
medical center in order to accomplish the following 
purposes: 


1. The provision of a single high quality standard of 
health and medical services to the public. 

2. The provision of medical education, research, and 
service, 


Clearly, an affiliation agreement seeking to enlist the 
expertise of faculty personnel within the hospital envi- 
ronment for either patient care or supervision supports 
not only the best interests of the community but in fact 
conforms to the idealistic goals proposed by Coggeshall 
and Millis and urged by the Association of American 
Medical Colleges. 

Yet, on the basis of these stipulations in the affiliation 
agreement between the University and the Public Health 
Trust, the Third District Court of Appeals of the State of 
Florida found against the University of Miami in a case 
involving a ketamine reaction. The anesthetic was ad- 
ministered by a resident without knowledge or approval 
of the faculty member but still subject to his supervision, 
and the University was held liable for the supervisory re- 
sponsibility of this faculty member. 

In the foregoing remarks, I have tried to indicate to 
you my belief that two significant hazards to the fiscal 
integrity of some schools of medicine have appeared. 
These are: 


1. The threat of reduction in, if not the elimination of, 
reimbursement for the cost of graduate medical edu- 
cation, and 

2. The worsening crisis in medical malpractice. 


The first of these is well recognized, as attested to by 
the myriad of articles in medical journals and congres- 
sional testimony provided by the members and staff of 
the Association of American Medical Colleges. “To re- 
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main fiscally viable, medical schools have had to adjust 
to substantial changes in revenue sources over which they 
have relatively little control. As additional constraints are 
placed on the sources of their funds, these institutions are 
finding it increasingly difficult to accommodate, without 
serious distortion, their multiple services of education, 
research and patient care.” (A statement of the Association 
to the Subcommittee of Health, U.S. Senate Committee 
on Finance, October 1984.) In fact, the projected loss of 
reduction in funding for graduate medical education 
seems to be perceived universally by the schools of med- 
icine as a serious problem affecting public and private 
institutions alike. For example, in a recent article in Mod- 
ern Health Care, the University of Michigan Medical 
School and the University of Michigan Hospitals were 
described as “partners in funding medical education.” The 
article went on to suggest that “these arrangements are 
likely to be threatened by proposed restrictions on medi- 
care’s reimbursement... .””” 

On the other hand, the effect of the increasing medical 
malpractice crisis on medical schools has not been so uni- 
versally appreciated. To be sure, the issue of escalating 
malpractice costs has been addressed widely by the 
profession, yet its effects on medical education have been 
scarcely illuminated. At the University of Miami School 
of Medicine, nearly 10% of the income generated ‘by the 
faculty is applied to a self-insurance fund. In the past year, 
the requirements of the fund have increased by 50%. One 
year ago, our risk management department identified one 
or two claims per week and presently they find one or 
two claims per day. The loss reserves have escalated by 
more than 40% during the past year. The Medical School 
makes a substantial contribution to the care of indigent 
patients for which it receives token reimbursement, yet 
remains liable for malpractice claims by virtue of its su- 
pervisory responsibility. The institution finds itself in a 
“Catch-22” situation, unable to increase its clinical faculty 
and liable for the actions of housestaff. Certainly, this pre- 
carious situation for one medical school reflects both a 
litigious local environment and an affiliation with a public 
hospital that has responsibility for ever increasing indigent 
care, to a considerable degree due to constant illegal im- 
migration. However, the malpractice nemesis is nation- 
wide, and it would seem only a matter of time before 
widespread effects on our nation’s medical schools are 
reported regardless of the specifics of the affiliation or geo- 
graphic location. 

Is there a panacea for this affliction? Unfortunately, | 
have been unable to devise a universally applicable nos- 
trum. To my mind, graduate medical education and pa- 
tient care are inseparable ethically and, I suspect, legally. 
Under this circumstance then, one solution will require 
some schools of medicine to seek alternatives and/or ad- 
ditional relationships that may provide additional reve- 
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nues, since graduate medical education, supervision, and 
patient care cannot be rendered asunder. 

Rashi Fein has written: “That the future will be different 
is clear. Some institutions will flourish and others wither. 
Only the fittest will survive. But the choice of what we 
mean by the ‘fittest’ is still before us. Once our fittest 
institutions were defined by their activities on behalf of 
others. Those were the institutions that deserved and re- 
ceived our support. Increasingly, fitness is measured by 
the bottom line on a profit and loss statement. Bottom 
lines can show deficits because of gross inefficiency. They 
can also show deficits because the institution cares for 
people who cannot pay and because it invests in education 
and research—activities that yield a low return to indi- 


vidual institutions even as they yield large returns to so- ` 


ciety.”® The aim of his remarks was that our teaching 
institutions should spend more time cultivating the gov- 
ernmental process to ensure long-term support. To my 
mind, however, it would appear that the government is 
as much concerned with bottom line figures as proprietary 
medical conglomerates and far more than with education 
at this time. Further, to hope that individual states might 
establish systems of graduate medical education that are 
properly funded seems unrealistic. Such a proposal by 
Stross and his colleagues from Michigan in 1974 has sim- 
ply not materialized.? Appropriations by the state of 
Michigan have not increased during the past 5 years, while 
the costs of education have risen. 

In the Martin Memorial Lecture before the American 
College of Surgeons, Eli Ginzberg described what he 
termed “a power shift” in American medicine.!° He de- 
scribed the passing of physician dominance in medicine 
and identified “10 principal centers of power” that have 
emerged since the advent of medicare. One of these centers 
includes the proprietary medical and hospital organiza- 
tions that have demonstrated phenomenal growth during 
the past 15 years. These organizations are not simply con- 
cerned with hospital management. Several are involved 
in the operations of health maintenance organizations as 
well as health insurance plans that serve to direct the flow 
of patients to their own hospital facilities. In addition, the 
enormous economies of scale as well as greater manage- 
ment efficiency enjoyed by the chains have resulted in 
profitable functions. There is little wonder that so many 
medical schools around the nation are forming agreements 
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with investor owned corporations in an attempt to increase 
revenues to balance the books. At least 10 medical schools 
are involved with some such relationship or other at this 
time. Today, governmental and societal attitudes being 
what they are, some medical schools will be able to in- 
crease their revenues only if their faculty can be assured 
of a reasonably steady supply of insured patients. In this 
way, such institutions may be able to continue to con- 
tribute to the care of the needy and continue their function 
in graduate medical education. Most academic medical 
centers have long since lost the marketing wars with health 
Maintenance organizations, preferred provider organi- 
zations, and proprietary and nonproprietary community 
hospitals. Their budgets have simply not allowed for major 
advertising costs. The professed fiscal exigencies of the 
universities lead me to believe that the number of ar- 
rangements between medical schools and proprietary 
chains will increase, and some of these will involve public 
hospitals as well. Medical centers with new dimensions 
will be seen, which will include public, proprietary, and 
university participation. Certainly, the economies of scale 
should be enjoyed by all the participants; but whether 
such arrangements can be molded in such a fashion that 
the academic functions of the medical center will be pro- 
tected and the needs of the poor will be served remains 
to be seen. 
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This paper reports the preliminary results of a prospective ran- 
domized trial comparing endoscopic variceal sclerosis and distal 
splenorenal shunt (DSRS) in the management of patients with 
cirrhosis and variceal bleeding. Seventy-one patients have been 
entered; 36 have received sclerosis and 35 DSRS. Randomization 
of the study population was stratified on Child’s A/B (56%) and 
Child’s C (44%). Sixty-one per cent had alcoholic and 39% non- 
alcoholic cirrhosis. No patients have been lost to follow-up, which 
currently stands at a median of 26 months. Rebleeding occurred 
significantly (p < 0.05) more frequently in patients in the sclerosis 
group (19 of 36: 53%) compared to DSRS (1 of 35: 3%), but 
only 11 of 36 (31%) were not controlled by further sclerosis and 
failed that therapy. Patients in whom sclerosis failed underwent 
surgery. Survival was significantly (p < 0.01) improved in the 
sclerosis group (+ surgery in 31%), with an 84% 2-year survival 
compared to a 59% 2-year survival in the DSRS group. Portal 
perfusion was significantly (p < 0.05) better maintained in the 
sclerosis (95%) compared to the DSRS (53%) group. Galactose 
elimination capacity improved significantly (p < 0.05) in 21 pa- 
tients successfully managed by sclerosis at 1 year and was sig- 
nificantly (p < 0.01) better maintained in the sclerosis compared 
to DSRS group. The authors conclude that endoscopic sclerosis: 
(1) has a higher rebleeding rate than DSRS, with one third of 
patients failing therapy from rebleeding; (2) allows significant 


improvement in liver function when successful; and (3) gives sig- ` 


nificantly improved survival in the management of variceal 
bleeding when backed up by surgical therapy for patients with 
uncontrolled rebleeding. 


clinical trial to compare distal splenorenal shunt 
(DSRS) and endoscopic variceal sclerosis in the 
Management of patients with cirrhosis and variceal bleed- 
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ing. At that time, these two therapies offered the best 
available management methods for patients with re- 
current variceal bleeding. Selective variceal decompression 
by DSRS had emerged as the optimal shunt for such 
paients,'? while worldwide resurgence of endoscopic 
sclerosis had documented the advantages for such 
therapy.*> This paper reports the preliminary results. 

The outcome of such a study is influenced by many 
variables such as the type of patients entered, the time of 
randomization, the provision of optimum therapy to both 
groups, and the completeness of evaluation and follow- 
up.° In this trial, the emory combined medical/surgical 
liver group has followed a protocol with comprehensive 
evaluation and follow-up of all patients entered. Good 
and poor risk patients with both alcoholic and nonalco- 
holic cirrhosis have been entered. All patients have been 
quantitatively studied to establish the severity of their liver 
disease. Randomization was done when the patients had 
been stabilized and fully evaluated following their acute 
bleed. The study therefore addresses the elective manage- 
ment of such patients. 

Selective shunting and endoscopic sclerosis are thera- 
pies presently undergoing continual improvement and 
refinement. The surgical investigators in this study have 
had considerable experience in selective shunting,’ but 
this operation has continued to evolve. The medical in- 
vestigators, who performed all the sclerosis, have used 
this technique for 2 years prior to commencing this trial 
and have continued to evolve their methods and exper- 
tise. Therefore, we believe that the therapies available in 
both limbs of this randomized trial have been “state of 
the art.” 
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TABLE |. Characteristics of the Two Study Groups at Entry 
Sclerosis DSRS 
(N = 36) (N = 35) 
Alcoholic cirrhosis 23 20 
Nonalcoholic cirrhosis 13 15 
Child’s A/B Child’s C Child’s A/B Child’s C 
(N = 20) (N = 16) (N = 20) (N = 15) 
Bilirubin (mg/dl) 0.9 + 0.6 2.4 + 1.3 0.9 + 0.4 2.54 1.2 
Albumin (g/dl) 38+0.4 3.1404 3.6 + 0.4 3.0 + 0.5 
Prothrombin elevation (sec) 14+ 1.1 2.0+0.8 15 +09 2.4+0.9 
Fasting ammonia (umol/L) 32 + 14 42 + 20 37 +17 57 + 32 
Ascites (no. of patients) 6 13 4 10 
Encephalopathy (no. of patients) 0 3 0 5 
GEC (mg/min) 348 + 82 268 + 52 315 + 107 305 + 84 
Liver volume (cc) 1676 + 502 1853 + 768 1706 + 640 1619 + 503 
Flow (ml/min) 1213 + 424 1272 + 416 1137 + 355 1067 + 278 
Cardiac output (l/min) 7542.4 7.6 + 4.2 7441.4 7.7+2.9 








This is the first randomized study to compare these two 
therapies in such patients. Previous randomized studies 
of DSRS and sclerosis in the management of variceal 
bleeding have compared DSRS to total portal systemic 
shunts, (1, 2, 9-12) and sclerosis to medical therapy,?*'3 
or propranolol.'*'> One other randomized study com- 
pared sclerosis versus portacaval shunting in control of 
acute bleeding in poor risk alcoholic cirrhosis patients.'® 
The outcomes of these previous trials suggest that selective 
shunting is the optimum surgical therapy for elective 
management of variceal bleeding'? and that sclerosis sig- 
nificantly improves survival compared to standard med- 
ical therapy.* However, at the beginning of the 1980s, the 
therapeutic question in the prevention of recurrent vari- 
ceal bleeding was the comparative benefits of selective 
shunt versus endoscopic sclerotherapy. This study ad- 
dresses the comparison of these two therapies in survival, 
prevention of recurrent bleeding, and maintenance of he- 
patic function. 


Materials and Methods 
Patient Population 


The study population comprises 7! patients with cir- 
rhosis referred for management of variceal bleeding to 
Emory University Hospital from May 1981 to November 
1985. These patients were a subset of a total population 
of 407 patients who received definitive management to 
prevent recurrent variceal bleeding in the same time in- 
terval. For entry into this study the patients had to (1) 
have cirrhosis, (2) be eligible for either shunt or sclero- 
therapy, and (3) live within a 200-mile radius of Emory 
University Hospital and be willing to return for regular 
sclerosis and follow-up. 

The characteristics of the two groups randomized are 
summarized in Table 1. The groups were well matched 


for etiologic, clinical, and laboratory parameters. The 
randomized group is representative of our overall expe- 
rience in this time interval. 


Study Design 


Patients either were admitted with an acute variceal 
bleed or were referred following stabilization of such an 
episode at another hospital. The acute bleed was managed 
as clinically indicated with blood transfusion, Pitressin®, 
and emergent sclerosis if necessary. The aim was to bring 
patients to an elective evaluation as given below, ran- 
domize therapy, and maintain patients in longitudinal 
follow-up; each of these phases will be outlined. 

Initial evaluation included (1) clinical, biochemical and 
hematologic assessment, (2) endoscopy, (3) liver biopsy, 
(4) angiography, and (5) measurement of liver function 
and hemodynamics. This was routinely accomplished in 
3-5 days following stabilization. 

Clinical, biochemical, and hematologic assessment fo- 
cused on ascites, encephalopathy, bilirubin, albumin, and 
prothrombin time prolongation. Criteria for Child’s C 
patients in this study were the presence of two or more 
of the following parameters: encephalopathy present other 
than at the time of the acute bleed, ascites preceding or 
persistent after the acute bleed, serum bilirubin greater 
than 3 mg/dl, serum albumin less than 3 g/dl, prothrom- 
bin time more than 4 seconds prolonged. Thirty-one pa- 
tients were randomized as Child’s C, with parameters as 
presented in Table |. In addition, a full hematologic pro- 
file, fluid and electrolyte status, renal function, and nu- 
tritional status were assessed and managed appropriately. 

Endoscopy confirmed esophageal varices as the source 
of bleeding by direct visualization or by inference in that 
other sources of gastro-duodenal bleeding were excluded. 
Patients who were deemed to have bled from gastric var- 
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ices or portal hypertensive gastritis or had other gastric 
or duodenal pathology were excluded from this study. 

Percutaneous needle liver biopsy was performed on all 
patients at initial evaluation. Histologic examination 
confirmed cirrhosis and also assessed the degree of activity 
of the liver disease. Active disease, as shown by inflam- 
matory infiltrate, alcoholic hyaline, and new collagen, was 
not considered a contraindication to randomization. In 
only one patient in the shunt group was activity sufficiently 
severe to delay surgery. 

Angiography comprised both venous and arterial stud- 
ies, as previously described.'”? The essential components 
were wedged and free hepatic vein studies, evaluation of 
the left renal vein, and selective splenic and supericr mes- 
enteric artery studies carried through to the venous phase. 
All patients entered into the study had patent splenic and 
portal veins with prograde portal venous flow. 

Quantitative assessment of hepatic function and he- 
modynamics was by our previously published protocol.'® 
Galactose elimination capacity (GEC) was used to quan- 
titate hepatocyte function. Liver volume was measured 
by computed tomography (CT scan). Effective liver blood 
flow was measured by low dose galactose clearance. Car- 
diac output was estimated by Swan Ganz catheter and 
thermodilution, echocardiography, or first pass radionu- 
clide angiocardiography. Encephalopathy was assessed by 
clinical examination, electroencephalogram, and, at fol- 
low-up evaluation, number connection tests. 

Randomization. Stratified randomization using Child’s 
A/B and Child’s C separately was used since prior work 
by our group has defined similar survival after DSRS for 
Child’s A and B patients.” Randomization was by closed 
envelope with a recurring block size of four. Further sub- 
stratification has not been made, but continued monitor- 
ing has shown equal etiologic distribution in both groups. 

Therapy for the two groups was either endoscopic var- 
iceal sclerosis or selective variceal decompression by 
DSRS. 

Endoscopic variceal sclerosis was conducted by two 
gastroenterologists with extensive experience in this field. 
The planned regimen was for two initial sclerosis treat- 
ments in the first week after randomization, to be followed 
by monthly sclerosis till obliteration, with follow-up en- 
doscopy and re-sclerosis as indicated. All sclerosis in this 
group was done with a flexible endoscope (with no over- 
tube) and used a combination of intra- and paravariceal 
injection. Use of a proximal balloon cuff, fitted to the 
endoscope and inflated during injection, aided in varix 
stabilization and sclerosant localization. Both sodium 
morrhuate and sodium tetradecyl sulfate were used as 
sclerosants, mixed in varied combinations with hypertonic 
glucose and thrombin. Endoscopic sclerotherapy has 
evolved over the duration of this study in respect to fre- 
quency, site and size of injections, sclerosant mixtures, 
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and local tamponade. This study has permitted evolutic 
of the method with current opinion. 

DSRS was performed by the methods previously pu 
lished by this group.”° All patients had surgery within 
week of randomization, with the exception of one patie 
who had active liver disease. This patient went on to d 
velop non-A/non-B hepatitis and died of hepatic failu 
without having surgery; he is considered as a surgical fa 
ure. All other patients had the designated operative pr 
cedure, with selective transsplenic variceal decompressic 
and maintenance of portal hypertension. DSRS, li 
sclerotherapy, has continued to evolve over the time 
this study,® and patients have received the optimum st 
gical therapy incorporating new methods as appropriz 
for their management. 

Longitudinal follow-up has been based on outpatie 
visits as required, but also in-hospital (inpatient or d 
visit) evaluations at 3-6 months, at | year, and then 
yearly intervals have been performed. No patients ha 
been lost to follow-up but three in each group have refus 
full in-hospital evaluation. Re-evaluation at these tir 
intervals has included the quantitative tests outlin 
above, plus angiography at yearly intervals in both grou) 
Further endoscopy and biopsy have been performed 
clinically indicated. 


Definitions 


Rebleeding was defined as bleeding requiring at leas 
2-unit blood transfusion and was designated as being frc 
varices if supported by endoscopic findings. 

Failure of sclerotherapy was defined as the inability 
control recurrent portal hypertensive gastroesophag 
bleeding despite repeated attempts. This decision requir 
the concurrence of the sclerosing gastroenterologist a 
hepatologist who believed that the patient’s life v 
threatened by withholding surgical therapy. The numt 
or severity of rebleeding episodes per se did not defi 
failure. 

Failure of shunt was defined as shunt thrombosis 
follow-up angiographic evaluation. This was assessed 
direct shunt catheterization. 


Data Management and Statistical Analysis 


Initial evaluation and subsequent follow-up data wi 
collected on databases for computer input and subseque 
analysis. Survival and therapy failures were analyzed 
the Kaplan-Meier method.?! Comparison between grot 
was made by repeated measures analysis of variance.” 


Results 


Survival 


Figure | shows the survival curves for the two grot 
as of November 1, 1985. The 2-year survival of the sc 
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rosis group (84%) is significantly (p < 0.01) better than 


for the DSRS group (59%). It should be noted that the 31 


survivors in the sclerosis group include eight patients who 
failed sclerosis treatment and required surgery to control 
recurrent bleeding; these patients are referred to as cen- 
sored observations and are shown as open triangles in 
Figure 1. 

The operative mortality of the DSRS group was 12%, 
with all four deaths occurring in Child’s C patients. Eight 
of the 10 subsequent deaths were due to hepatic failure. 
Four of these were Child’s A/B and four were Child’s C 
at randomization. The two other deaths were not directly 
due to liver disease but were due to pneumonia and stroke 
at 4 and 37 months after surgery, respectively. 

There have been five deaths in the sclerosis group to 
date. One patient, Child’s C, died from uncontrolled 
bleeding. The other four deaths were due to hepatic failure. 
Each of these patients rebled from varices. In two, one 
Child’s B and one Child’s C, rebleeding was controlled 
by further sclerosis, and they died of progressive liver dis- 
ease. The other two, both Child’s C, were sclerosis failures, 
required surgery to stop recurrent bleeding, and died 1 
and 2 months after operation. 


Failure of Therapy 


Figure 2 shows failure of therapy for the two groups. 
While there is no statistical difference between the two 
groups for this index, there is a difference in the nature 
of this failure. Shunt failures comprised 14 deaths and 
one shunt thrombosis. In contrast, sclerosis failures com- 
prised {1 patients with rebleeding who were not controlled 
and two deaths in patients whose bleeding was controlled. 

Seven of the patients who failed sclerosis with rebleeding 
were Child’s C at randomization, and four were Child’s 
A/B. The time to failure had a range of 1-24 months, 
with a median of 6 months. The median number of re- 
bleeding episodes was two (range: 1-6) with a mean (+SD) 
transfusion requirement of 10 + 6 units. Only one patient 
died with he primary cause being continued bleeding. 
Ten of the 11 failures with rebleeding were further man- 
aged by surgery (7 DSRS, 2 total shunts, and | splenec- 
tomy/devascularization). This group did not have in- 
creased perioperative morbidity (10% operative mortality), 
and eight are still alive at this time. 


Rebleeding 


In the DSRS group, one patient had recurrent variceal 
bleeding secondary to shunt occlusion, giving a rebleeding 
incidence of 3%. This patient has been successfully man- 
aged by endoscopic sclerosis. 

In the sclerosis group, 19 patients had recirrent variceal 
bleeding for an overall rebleeding incidence of 53%. Eight 
of these patients with one or two rebleeding episodes were 
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Fic. 1. Kaplan-Meier plot of survival curve for sclerosis (O) and DSRS 
(@). The randomized sclerosis group, with adjuvant surgery for 31% of 
patients, has significantly improved survival compared to DSRS. A are 
censored observations: data are analyzed on a monthly basis; hence some 
points are duplicated. ¢ are censored sclerosis patients who have required 
surgery and are still alive. 


controlled with further sclerosis. Their mean transfusion 
requirement was 4.8 + 2.7 units. The other 11 failures 
have been described above. They account for the 31% 
failure of sclerosis due to rebleeding in this study. 


Quantitative Data 
The quantitative data have been analyzed at two levels. 
First, the preoperative assessment, performed shortly after 


stabilization from the acute bleeding episode, was used 
to assess the value of these studies in predicting mortality 
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Fic. 2. Kaplan-Meier plot of therapy failure for sclerosis (O) and DSRS 


- (@). There is no significant difference between therapies for this index. 


A = censored observations. 
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Fic. 3. Galactose elimination capacity (GEC) changes from prerandom- 
ization to | year in 21 sclerosis and 17 DSRS patients successfully man- 
aged by each therapy. The improvement in the sclerosis group is signif- 
icant (p < 0.05), and the difference between the groups at | year is 
significantly (p < 0.01) larger than the difference at prerandomization. 


or sclerosis failure. Second, the changes in these quanti- 
tative tests were compared at | year and 2 years for patients 
successfully managed by each therapy. 

Preoperative profile. The single measures GEC, liver 
volume, and hemodynamics prior to randomization did 
not correlate with operative or 2-year mortality in the 
DSRS group or with mortality, rebleeding, or failure of 
therapy in the sclerosis group. 

Longitudinal data were available on 21 sclerosis and 
17 DSRS patients at | year and 10 and 7 patients, re- 
spectively, at 2 years. As shown in Figure 3, GEC at | 
year is maintained significantly (p < 0.01) better in those 
patients managed by sclerosis than those treated by DSRS. 
The increase in GEC in the sclerosis group (306 + 66 to 
356 + 82 mg/min) is statistically significant (p < 0.05), 
but the reduction in the DSRS group (323 + 110 to 287 
+ 78) is not significant (p = 0.1). In 10 sclerosis and seven 
DSRS patients followed to 2 years, GEC remained un- 
changed over the second year as shown in Table 2. 


TABLE 2. Quantitative Changes in Liver Function, Size, and 
Hemodynamics in 10 EVS and 7 DSRS Patierts over 2 Years 








Liver 
GEC Volume Flow 
(mg/min) (ml) (ml/min) 
Normal 522 + 140 1493 + 230 1378 + 218 
EVS Pre (N = 10) 322 + 80 1700 + 524 1053 + 303 
1 year 374 + 92 1547 + 473 1218 + 426 
2 year 356 + 92 1492 + 377 1210 + 243 
DSRS Pre (N = 7) 3514 119 1831 + 350 1155 + 208 
I year 302 + 50 1470 + 544 1076 + 374 
2 year 314+ 70 1510 + 448 1244 + 403 
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Fic. 4. Mean liver volume at 1 year is significantly (p < 0.05) lower than 
prerandomization for both sclerosis and DSRS patients. 


Liver volume decreased significantly in both groups at 
1 year (Fig. 4). However, as shown in Table 2, no further 
loss of liver volume occurred during the second year into 
therapy in either group. 

The portal perfusion changes measured for the two 
groups at | year are summarized in Table 3. Significantly 
(p < 0.01) more patients lost portal perfusion after DSRS 
(47%) than did those undergoing sclerosis (5%). Effective 
liver blood flow and cardiac output at 1 year are shown 
in Table 4. They did not change significantly for the two 
groups. 

Encephalopathy. Eight patients had a history of en- 
cephalopathy at prerandomization evaluation, three in 
the sclerosis and five in the DSRS group. Three of the five 
patients in the DSRS died in the perioperative period, 
and one further patient has died of hepatic failure. This 
emphasizes the importance of encephalopathy as a pre- 
dictor of poor prognosis. Two of the three patients in the 
sclerosis group with a history of encephalopathy have also 
died, one from bleeding at | month and the other from 
hepatic failure at 8 months. 

The occurrence of spontaneous encephalopathy in the 
follow-up period is similar in the two groups. Five of 31 
(16%) at-risk patients in the DSRS group have evolved 
encephalopathy, and three of 26 (12%) at-risk patients in 
the sclerosis group, who have not required surgery, de- 
veloped encephalopathy. 


Discussion 


The art of managing the patient with recurrent variceal 
bleeding is to balance the risks of hepatic failure and re- 
current bleeding. Results of this study clearly exemplify 
this therapeutic dilemma. Patients treated by endoscopic 
sclerosis have a high risk of rebleeding (53%) and of failing 
that management method (31%) because of recurrent re- 


Vol. 203 No. 5 


bleeding, but they do maintain hepatic function. DSRS 
patients, on the other hand, had excellent bleeding control 
(97%) but did not maintain hepatic function as well as 
those treated with sclerosis. The DSRS patients thus far 
have had significantly more deaths from hepatic failure. 
Let us examine the two sides of this balance in more detail. 

Rebleeding was defined as a 2-unit blood transfusion 
requirement. The low rebleeding rate after DSRS is similar 
to the rates previously published from this’ and other 
centers,”!? indicating the ability of this operation to pre- 
vent recurrent variceal bleeding. The 53% rebleeding rate 
in the sclerosis group compares with the 55% rebleeding 
rate in the King’s College randomized study.* The prob- 
lem of postsclerosis rebleeding is complex and hinges on 
such factors as persistence, obliteration, recurrence, and 
ulceration of varices and on the occurrence of gastric var- 
ices and portal hypertensive gastritis. In this report, we 
have not fully evaluated these factors. Nevertheless, some 
points seem clear. First, recurrent esophageal variceal re- 
bleeding was usually controlled by further injection. Sec- 
ond, those who failed sclerosis predominantly bled from 
gastric varices or portal hypertensive gastritis (8 of 11 were 
so documented). Third, the rebleeding through sclerosis 
has not been catastrophic: only one patient has died of 
rebleeding. Finally, failure of sclerosis was more common 
(44%) in poor risk Child’s C patients than in Child’s 
A/B (20%). 

It is apparent that the identification of the risk factors 
that will predict failure of sclerosis are the key to im- 
proving patient survival. Initial appearance and risk fac- 
tors of the varices themselves do not appear to be predic- 
tive of ultimate success or failure, but rather it is their 
behavior over time that dictates outcome. An early re- 
bleeding pattern was seen in eight of the failures who came 
to surgery within the first 9 months of therapy; they re- 
quired a mean + SD of 12 + 6 units of blood transfusion 
with a range of 1—6 rebleeding episodes. A later rebleeding 
pattern was seen in the other three failures, all of whom 
had good initial control but bled from gastric varices at 
18, 22, and 24 months. Their single rebleeding episodes 
were severe and could not be managed by further sclerosis. 
Thus, while this study documents satisfactory control of 
bleeding in 69% of the sclerosis group at median follow- 
up of 26 months, we believe that the prompt implemen- 
tation of alternative management of patients who failed 
sclerosis contributed to the improved survival in that 
group. 

Hepatic failure. The main risk factors for the devel- 
-opment of hepatic failure are:.(1) the activity and severity 
of the liver disease, (2) hepatocyte reserve, and (3) hepatic 
hemodynamics. We have attempted to assess the contri- 
bution of each of these variables to the development of 
hepatic failure, particularly in so far as they have been 
influenced by the therapy. 
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TABLE 3. Portal Perfusion Changes 1 Year into Therapy for 19 
Patients Having Sclerosis and 15 Patients Managed by DSRS 


1-Year Portal Perfusion Grade 


Sclerosis DSRS 
Initial Portal "= 
Perfusion grade 12 3 4 12 3 4 
1 950 0 200 3 
2 1301 22 0 3 
3 000 0 110 1 
4 000 0 000 0 


The change for each patient is shown. For example, the seven patients 
in the DSRS group who lost portal perfusion (grade 4 post) started as 
three grade 1, three grade 2, and one grade 3. 


A total of 16 patients have died of liver failure so far 
in this study. Eleven of these patients were randomized 
as Child’s C, and indeed it is the Child’s index that proved 
the best predictor of operative and early mortality for this 
population of cirrhotics. Those who have died showed 
poorer initial hepatocyte reserve (GEC), but this did not 
significantly help in predicting mortality. As might have 
been anticipated, the stress of a major surgical procedure 
resulted in a significantly higher mortality in Child’s C 
patients in the DSRS group at this early report. Surpris- 
ingly, there has been good survival of Child’s C cirrhotics 
in the sclerosis group. Although 69% of such patients re- 
bled after starting sclerosis, there has only been a 25% 
mortality at median 26-month follow-up. Child’s C pa- 
tients have tolerated rebleeding after sclerosis better than 
they tolerated a shunt. 

Longitudinal follow-up shows that patients managed 
by sclerosis have maintained hepatocyte function signif- 
icantly better than patients managed primarily by DSRS 
at 1 year (Fig. 3). Although there was no significant change 
in GEC in the DSRS group, no patients showed marked 
improvement, and the trend was for some reduction. In 
contrast, the significant increase in GEC in the sclerosis 
group was marked by stable or small increases for most 
patients and by a large increase (over 100 mg/min) in 
eight patients in that group. We believe that there were 
two contributing factors to this difference. First, the scle- 
rosis patients maintained the same degree of portal per- 


TABLE 4. Effective Liver Blood Flow and Cardiac Output Changes 
at 1 Year into Sclerosis and DSRS 


Flow (ml/min) Cardiac Output (L/min) 
Normal 1378 + 218 5.0 
Sclerosis : 
Pre 1125 + 394 (N = 21) 7.3 + 2.3 (N = 12) 
1 year 1229 + 432 7.6 + 2.8 
DSRS 
Pre 1059 + 284 (N = 17) 5.9 + 1.8 (N = 8) 
1 year 1063 + 388 8.4 5.2 
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Fic. 5. Survival curves of the present trial compared to the King’s College 
randomized sclerotherapy trial.? 


fusion, judged angiographically, as they had at initial 
evaluation. This contrasts to the 47% loss of portal per- 
fusion following DSRS that occurred exclusively in al- 
coholic patients and is similar to previously reported find- 
ings.” Second, seven of the eight sclerosis patients with 
marked increase in GEC at | year had alcoholic cirrhosis. 
We believe that abstinence from alcohol, encouraged 
through frequent physician attendance for repeated scle- 
rosis, resulted in stabilization of active liver disease and 
contributed to improved hepatic function. A similar im- 
provement in GEC was not seen in DSRS patients with 
equivalent disease who were equally encouraged to abstain 
from alcohol in their first postoperative year. In this latter 
group, loss of portal perfusion probably countered any 
beneficial effect from stabilized disease. 

Alcoholic versus nonalcoholic cirrhosis. Potentially, the 
outcome of this study might be influenced by the etiology 
of liver disease in the study population. It has been doc- 
umented that nonalcoholic cirrhotics have improved sur- 
vival after DSRS compared to alcoholic cirrhotics.!?’ 
However, the data in this study do not show a differing 
survival by etiology between the groups at this early re- 
porting. In patients with alcoholic cirrhosis, there were 
eight deaths in the DSRS group and three in the sclerosis 
group, while for the nonalcoholic patients there were six 
and two deaths, respectively. 

The effect of continued drinking on patient outcome 
is a frequently asked question that is difficult to answer. 
In this closely observed study population, we estimated 
that five or six patients in each group had returned to 
moderate or heavy drinking, i.e., 25-30% of the at-risk 
group. Two of the late deaths in the DSRS group were 
due to continued heavy drinking, but to date this has not 
contributed to any sclerosis mortality. 

Comparison to other randomized studies. The survival 
of the sclerosis group in this study, an 84% 2-year survival, 
is the best yet achieved in any randomized study of shunts 
or sclerosis in the prevention of recurrent variceal bleed- 
ing. In making such a statement, care must be taken in 
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comparing the populations studied in different trials. In 
this trial, the 44% Child’s C represents a higher proportion 
of poor risk patients than were entered into any previous 
study of elective control of variceal bleeding. The 39% 
nonalcoholic cirrhosis population cautions against ex- 
trapolating these data to a wholly alcoholic group, but the 
results at this time do not differ by disease etiology. 

The King’s College trial comparing sclerosis to standard 
medical management? represents the current best available 
data on the efficacy of sclerosis. In their study, the cirrhotic 
population comprises 54% alcoholic, 46% nonalcoholic, 
and only 28% Child’s C patients. In Figure 5, the survival 
curves from that study are plotted against the survival 
from the current study. The major point of emphasis is 
that in the present study sclerosis with surgery for the 
rebleeding failures has produced even better results than 
sclerosis alone in a population with a higher proportion 
of poorer risk patients. 

Prior randomized studies of DSRS have achieved a 70- 
80% 2-year survival, but in none of these studies were 
there more than 10% of the patients Child’s class C. Sur- 
vival analysis of only Child’s A/B DSRS patients in the 
present study gives a similar figure to these earlier reports. 

The only other prospective randomized study of control 
of variceal bleeding that has achieved better survival fig- 
ures than those we report here is that from Lebrec and 
colleagues.*4 Propranolol, in a Child’s A population with 
93% alcoholic cirrhosis, achieved a 90% 2-year survival 
with a 21% rebleeding rate. However, 21% of the pro- 
pranolol study group was lost to follow-up, which weakens 
the conclusions that can be drawn. Other centers have 
failed to duplicate this study.” 


Conclusions 


At this preliminary 2-year follow-up to this prospective 
randomized trial of sclerosis versus DSRS we conclude: 
(1) Early survival, in patients with cirrhosis of mixed 
etiology and severity with recurrent variceal bleeding, can 
be significantly improved by sclerosis provided surgical 
back-up is available for uncontrolled rebleeding. (2) The 
rebleeding rate of sclerosis (53%) is significantly higher 
than that of DSRS (3%), with a failure rate of 31% for 
sclerosis. (3) Hepatic function (assessed by GEC) is sig- 
nificantly better maintained in patients managed by scle- 
rosis compared to DSRS at | year. 

While the patterns of rebleeding and significant differ- 
ences in hepatic function and survival may alter with time, 
the data from this study at this time suggest that initial 
therapy for variceal bleeding in cirrhosis should be scle- 
rosis, with selective shunt for those in whom uncontrol- 
lable rebleeding occurs. This study will continue to address 
these questions, and confirmation of these data are re- 
quired from other centers. 
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incident of severe problems such as esophageal perforation, abscess, ul- 
ceration, and even mediastinitis. Mobility disorders are present in 100% 
of patients after sclerotherapy, and the significance of this in younger 
patients with stable liver disease remains to be elucidated. 

It is interesting to me to see how widespread sclerotherapeutic pro- 
cedures have become. Nearly 50% of shunts that we are doing at this 
time are in patients who have failed sclerotherapy, so don’t put the Bard- 
Packers away, just yet. 

We will await with considerable interest the long-time follow-up of 
these patients. 


Dr. Joser E. FISCHER (Cincinnati, Ohio): First of all, although I had 
intended to do this in the afternoon, I would like to thank the Association 
for the privilege of membership. I hope to be active for many years. 

Once again, Dr. Warren and his group have challenged the conven- 
tional wisdom in their continuing effort to define the best therapy for 
variceal bleeding. This paper is no different. It explores areas that here- 
tofore have been anathema to surgeons. 

I would point out that this is a very highly selected group of patients, 
and the experience at Emory (which I think everyone would agree is 
outstanding both in skill and in duration) may.not be applicable to other 
patients. Nonalcoholic patients with cirrhpsis, as this and other studies 
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point out, do much better than alcoholics in every series for a variety of 
reasons. 

In this study, almost 40% of patients have nonalcoholic cirrhosis, which 
is different from both our own situation dealing with an alcoholic indigent 
population and almost every other previously reported series. 

This brings about another situation, as I was discussing with Dr. War- 
ren. We have a VA hospital on one side of the street and the University 
Hospital on the other side. In the studies of sclerotherapy, the follow-up 
at the VA Hospital of patients returning for sclerotherapy is close to 
100%. With the same gastroenterologists, follow-up at the University 
Hospital is about 10%. Thus, at the VA Hospital evervone goes into the 
randomized study, and at the University Hospital everyone goes into a 
different randomized study, that of distal versus central splenorenal 
shunt. 

I have two questions to ask Dr. Henderson and Dr. Warren. 

First, although liver function was initially the same in both groups, I 
noticed in your chart of portal perfusion that there appeared to be a 
substantial difference in half of the patient populatior studied. In other 
words, Grade I perfusion seemed to be much more prevalent in the 
group that ultimately received sclerotherapy versus the group that received 
distal splenorenal shunt. ; 

I am not so sure what basis was used for judgment, and perhaps this 
is not an appropriate way to select, but, if that trend continues, these 
probably would not be comparable groups since I, and I think many 
others, believe that portal perfusion is what really determines the life 
history of portal hypertension. 

The second question I have is the question of what the patients actually 
tled from. 

As George Johnson has repeatedly pointed out, his “rebleeding” is 
from gastritis, and I am not certain that this represents bleeding from 
gastric varices or whether it represents bleeding from gastritis. To my 
way of thinking, it is all portal hypertension and should not be dealt 
with by gastrectomy but rather by a decompressive procedure. 

Does Dr. Warren think this rebleeding is portal hypertension-related 
gastritis? 

Again, I think this is a very signal contribution by the group and, as 
usual, will provoke a tremendous amount of controversy. 


Dr. JAMES C. THOMPSON (Galveston, Texas): It is of great interest to 
see this spectacular paper. There is a legal doctrine to the effect that 
wherever there is a declaration against primary interest, you should pay 
attention to it. That is, if any one gives you evidence against himself, 
you should stay awake and listen to him. 

I have become somewhat inured to the statistics that Dr. Warren puts 
out, but the findings reported this morning are vitally tmpressive. I would 
like to look at the reverse side of the admonition just given to us by Dr. 
Zeppa, and that is to consider sclerotherapy as a first choice, since a large 
number of people emerged from this study treated only with sclerother- 
apy, and they did extraordinarily well. 

It may well be that the sclerotherapists at Emory are magicians, but 
I believe this is a relatively simple skill that can be mastered. We have 
been doing this for several years now, and we have also been impressed 
that, when patients do fail, they are susceptible to surgery and they often 
do quite well. 
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The questions I would like to ask of Dr. Warren are: Was there any 
difference in the failure rate in alcoholics versus nonalcoholics in the 
two groups? Did one group seem particularly susceptible to a failure in 
either the operative or sclerotherapy group? 

Also, the same question for the Child’s C patients. Was the Child’s C 
candidate, as we would suspect, particularly vulnerable to the viscissitudes 


of operative treatment, or did he or she do equally badly in the two arms __ on" 


of the study? 


Dr. W. DEAN WARREN (Closing discussion): It gives me great pleasure 
to close this paper because I think it is a real contribution and Dr. Hen- 
derson presented it beautifully. As Jim Thompson said, it went against 
my preconceived concepts when we set up this study. I thought the pa- 
tients with sclerotherapy would have a significant incidence of rebleeding; 
they did, 53%. I thought a number of them would bleed to death in little 
towns out around our area before they could get back to Emory. They 
did not; only one patient died of bleeding before he could return to 
Emory. Then I thought, as did Bob Zeppa, that the surgical mortality 
at that point would be so much higher that it would negate the value of 
the surgical intervention; and, again, I was wrong on that. The sclero- 
therapy patients got better between the time of randomization and the 
need for crossover to surgery. This study is an example of the need for 
prospective, controlled randomized trials. 

To answer Dr. Thompson’s question first, the Child’s C patients did 
better with sclerotherapy. They avoided that major trauma of the surgical 
procedure from which (although operative mortality might not have 
occurred) they drift on down and out in the first year, particularly the 
alcoholics. Sclerotherapy is safer initially; this point is clear. They do 
not die of hemorrhage out in the small towns, and they can take surgery 
when they get back. One third of them required surgery, and this is what 
separates us from the King’s College study. They just let them die of 
bleeding. We operated on them and stopped the bleeding. 

Regarding Dr. Zeppa’s serious question about the endoscopic com- 
plications, we do have expert sclerotherapists, but I am sure that sooner 
or later we are going to get a stricture or something of that sort. However, 
we did not have a major complication other than a 53% incidence of 
rebleeding in that group; some of these had small esophageal ulcers. 

Dr. Fischer’s comments are well taken, as always. This was not a highly 
selected patient population, except as the general university hospital pa- 
tient population is selected. In contrast to the Cincinnati University 
Hospital (which is like our Grady Hospital), Emory University Hospital 
is a tertiary care center. This was a representative sample of the patients 
that we see at Emory University Hospital in Atlanta, and, I want to 
remind you, nearly one half of these patients were Child’s C, and that 
forever removes it from any context of a highly selected patient popu- 
lation. $ 

Secondly, the alcoholics and nonalcoholics were not different in their 
general response in contrast to our previous surgical series. 

The preoperative portal perfusion was basically equal in the two groups. 
There was a little difference in favor of the sclerotherapy group, but it 
was not significant. As for gastritis, I think you are 100% correct. Whether 
it is gastric “varices” or “gastritis,” they die of portal hypertensive bleeding 
at equal rates. The shunt will stop that; scleropathy will not, and gastric 
bleeding is one of the major indications for conversion from the sclero- 
therapy to the shunt group. 

Thank you very much. 
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Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 


AMERICAN 
P CANCER 
Í SOCIETY” 


*“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec.). 
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Should Ablative Operations Be Used for Bleeding 


Esophageal Varices? 





BLAIR A. KEAGY, M.D. JOHN A. SCHWARTZ, M.D. 





To evaluate the long-term success of an ablative procedure for 
esophageal varices, the clinical results of 60 standardized, non- 
shunt (Womack) operations performed from 1953-1974 were 
reviewed. The overall operative mortality in this series was 35%. 
The 39 patients surviving operation have been followed from 5 
to 21 years (mean: 13.3 years). Excluding operative mortality, 
the absolute 5-year survival rates for Child’s classes A, B, and 
C patients were 100%, 63%, and 33%, respectively. The-actnarial 
survival for all patients was 40% at 5 years, 24% at 10 years, 
and 15% at 15 years. Although the incidence of recurrent bleeding 
was 54%, clinical factors predictive for rebleeding could riot be 
identified. A review of a collected series of other ablative oper- 
ations, with and without esophageal transection, generally reveals 
unacceptable mortality and rebleeding rates. It is concluded that 
an ablative operation without esophageal transection should be 
used only in highly selected patients who do not have appropriate 
veins suitable for venous shunt. 


UIDO BANTI, a young, Italian physician at the 
Institute of Pathologic Anatomy in Florence, 
first proposed splenectomy for “splenic anemia” 

in a paper published in 1883.!? His original concept was 
perpetuated and formed the basis for many subsequent 
variations on an ablative operation for bleeding esophageal 
varices secondary to portal hypertension. In this country, 
splenectomy for “splenic anemia” became popular in the 
early part of the century owing primarily to its support 
by prominent physicians including Sir William Osler and 
William Mayo.?* Splenectomy remained popular until 
1945, when Pemberton? of the Mayo Clinic reviewed their 
results. He reported recurrent bleeding after splenectomy 
in 30% of patients who were operated on for a history of 
hemorrhagic complications (gastrointestinal bleeding or 
unspecified sites). 





Presented at the 97th Annual Meeting of the Southern Surgical As- 
sociation, Hot Springs, Virginia, December 1—4, 1985. 

Reprint requests: George Johnson, Jr., M.D., Department of Surgery, 
University of North Carolina School of Medicine, Burnett-Womack 
Clinical Sciences Building 229H, Chapel Hill, NC 27514. 

Submitted for publication: December 23, 1985. 


463 


GEORGE JOHNSON, JR., M.D. 


From the Department of Surgery, University of North 
Carolina School of Medicine, Chapel Hill, North Carolina 


Phemister and Humphries® of Chicago presented a pa- 
per before the American Surgical Association in 1947 on 
esophagogastrectomy for bleeding esophageal varices due 
to portal hypertension. Nathan Womack, then of Barnes 
Hospital in St. Louis, was in the audience and was in- 
trigued by an operation that was apparently able to control 
variceal hemorrhage without causing encephalopathy and 
without diverting flow from the liver. He was impressed 
that this was a more physiologic procedure than the shunt 
operation being proposed at the time.” While at the Uni- 
versity of Iowa, Womack devised an ablative operation 
to treat bleeding esophageal varices, which he later im- 
plemented at the University of North Carolina at Chapel 
Hill. His procedure was designed to control the hyperdy- 
namic portal and systemic circulatory state that occurred 
in these patients.®” 

During the last several decades, there has been renewed 
interest in variations on ablative operations to control 
bleeding esophageal varices. Numerous procedures have 
been described, and their various results published in the 
literature. The present report reviews the clinical results 
and long-term follow-up of one standardized form of 
nonshunt operation, that proposed by Dr. Womack,’° in 
60 patients operated on at the University of North Car- 
olina from March 1953 through May 1974. 


Patients and Methods 


_ Sixty adult patients with a history of upper gastroin- 
testinal bleeding comprise this series. All patients wete 
thought to have had bleeding from esophageal varices and 
portal hypertension due to hepatic cirrhosis. Endoscopic 
documentation of variceal hemorrhage was not routinely 
employed. Patients less than 21 years of age and others 
with noncirrhotic portal hypertension were excluded from 
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TABLE 1. Comparison of Results Following the “Womack” Procedure 








Operative No. 5-Year 
Patient Mortality Surviving Absolute 
Population No. Rate Operation Survival 
Total 60 35% 39 62% 
Child’s class A 8 0% 8 100% 
Child’s class B 25 24% 19 63% 
Child’s class C 27 56% 12 33% 
Alcoholic 38 32% 26 62% 
Nonalcoholic 22 41% 13 62% 
Elective 29 28% 
Emergency 31 42% — — 





the analysis. Demographic information and pertinent 
clinical data, such as assessment of hepatic function and 
hemodynamic parameters, were collected and stored on 
an IBM 1130 computer (Armonk, NY) for retrieval and 
subsequent analysis. Cardiac output using cardiogreen dye 
dilution and blood volume by radioactive iodinated al- 
bumin were determined before operation in patients who 
underwent elective operation to evaluate the hyperdyn- 
amic circulatory state associated with cirrhosis. These 
methods? and their results!! have been described previ- 
ously. 

The operation performed on all 60 patients consisted 
of splenectomy, resection of the superior half of the greater 
curvature of the stomach, ligation and division of al! ves- 
sels along the lesser curvature from the inferior one-third 
to the diaphragm, and transgastric oversewing of the var- 
ices. In 54 patients, a liver biopsy was obtained at the time 
of operation. Occasionally, a gastrostomy was also per- 
formed. The spleen was weighed after removal in 49 of 
the patients. 

The basic procedure described above represented the 
only form of operative therapy offered to patients with 
bleeding esophageal varices due to portal hypertension at 
the North Carolina Memorial Hospital until 1971. Con- 
sequently, there were no additional selection criteria ap- 
plied to the first 55 consecutive patients in this series, 
other than the fact that they were considered surgical can- 
didates. The last five ablative operations were performed 
during a period when shunt operations were also utilized. 

The follow-up data to be reported include survival, in- 
cidence of rebleeding, and encephalopathy. These data 
were analyzed by absolute and actuarial survival (Kaplan- 
Meier!?). In the actuarial analysis, patients were with- 
drawn alive at the time of another procedure to control 
recurrent variceal bleeding. Operative mortality was de- 
fined as death during the same hospitalization as surgery 
or within 30 days of operation. Chi square analysis was 
used to evaluate the difference in results based on clinically 
obtained data. All patients surviving the operation were 
followed for a minimum of 5 years and as long as 2! 
years, mean length of follow-up was 13.3 years. 
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Results 


There were 37 males and 23 females whose ages ranged 
from 21 to 73 years (mean: 51.5 years). The distribution 
of these patients by Child’s classification of liver disease 
was A in eight, B in 25, and C in 27 patients. Thirty-eight 
patients (63%) were thought to have liver disease as a result 
of alcohol abuse, and 22 patients (37%) had disease sec- 
ondary to other causes. Twenty-nine procedures (48%) 
were performed electively; the remaining 31 operations 
(52%) were performed as an emergency for uncontrollable 
gastrointestinal hemorrhage. Liver biopsies that were ob- 
tained in 90% of the patients were all consistent with cir- 
rhosis. 

The overall operative mortality rate was 35% (21/60 
patients). The operative mortality and absolute 5-year 
survival, with respect to the preoperative severity of liver 
disease, etiology of portal hypertension, and indication 
for operation, are summarized in Table 1. None of the 
class A patients with evidence of adequate hepatic reserves 
died as a result of operation. The operative mortality rate 
in class A patients (0%) was not statistically different from 
that of class B patients (24%). The operative mortality 
rate in class C patients (56%) was significantly higher than 
that of both class A (p = 0.005) and class B (p = 0.02) 
patients. There was no difference in early postoperative 
mortality in the alcoholic patients (32%) compared to 
nonalcoholics (41%). The operative mortality for elective 
procedures (28%) was no different from that of emergency 
operations (42%), p = 0.47. No relationship between op- 
erative mortality and age, sex, platelet count, spleen 
weight, preoperative cardiac output, or preoperative blood 
volume could be identified. 

The overall absolute survival at 5 years was 40% (24/ 
60). Of the 39 patients surviving operation, the absolute 
survival was 62% (24/39) at 5 years (Table 1). Absolute 
5-year survival rates according to Child’s classification 
were class A—100%, class B—63%, and class C—33%. 
Survival at 5 years was significantly improved for class A 
patients compared to class B (p = 0.04) and class C (p 
= 0.003) patients. Identical late survival rates were noted 
for alcoholic and nonalcoholic patients, 62% at 5 years. 

The actuarial survival of all 60 patients was 40% at 5 
years, 24% at 10 years, and 15% at 15 years (Fig. 1). Four 
patients had subsequent operations and were withdrawn 
alive, two at 9 months and one each at 15 and 49 months. 

The incidence of rebleeding in the 39 patients surviving 
operation was 54% (Table 2). The incidence of rebleeding 
in patients with portal hypertension secondary to alcohol 
abuse was the same as that noted in patients with non- 
alcoholic cirrhosis. Of the patients whose spleen weights 
were recorded at the time of operation, 33 survived. The 
incidence of recurrent bleeding was 67% in 26 patients 
with spleen weights greater than 800 g, compared to a 
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33% incidence in 9 patients whose spleen weighed 800 g 
or less; this difference did not achieve statistical signif- 
cance (p = 0.08). No preoperative clinical factor (i.e., age, 
sex, platelet count, cardiac output, or blood volume) was 
predictive of recurrent bleeding from varices in the late 
postopérative period. There were no cases of hepatic en- 
cephalopathy in the postoperative period that could be 
related to the operation performed. 


Discussion 


Management of bleeding from esophageal varices con- 
tinues to be a major challenge. Many operations intended 
to “ablate,” “disconnect,” or “decongest” the dilated ve- 
nous collaterals of the esophagus and stomach have been 
devised. The results achieved with a variety of these pro- 
cedures continue to be compiled and reported in the lit- 
erature. ! 

The selection of therapy for bleeding esophageal varices 
remains controversial. For several reasons, the present re- 
port represents a unique experience with an ablative op- 
eration for portal hypertension. (1) It was the only type 
of operation performed for bleeding esophageal varices 
in our institution during the initial 18 years of this study. 
Therefore, selection bias, in terms of a shunt versus a 
nonshunt procedure, was completely absent in 55 patients, 
92% of the total series. (2) The basic operative technique 
was uniform for all patients. (3) Long-term results are 
available, with all patients being followed at least 5 years 
and others for as long as 21 years. However, this report 
suffers from the lack of a comparable group prospectively 
treated by medical therapy or an alternative surgical pro- 
cedure. 

Two basic problems persist with respect to ablative op- 
erations for bleeding esophageal varices. The first relates 
to the operative mortality rate of nonshunt procedures in 
patients from the United States who often have alcoholic 


‘cirrhosis. The operative mortality in our series was quite 


high, 35%. Although the majority of our patients (62%) 
were at increased risk for death, having either advanced 
liver disease (Child’s class C) or emergency operation for 
uncontrolled bleeding, the 24% mortality rate in the re- 
maining class A and B patients operated upon electively 
was still appreciable. 

The second problem associated with nonshunt opera- 
tions concerns the control of bleeding. The 54% incidence 
of rebleeding noted in our series is unacceptable for an 
operation designed to control bleeding from esophageal 
varices. This incidence is higher than what we have pre- 
viously reported!! with the “Womack” procedure. It is 
also greater than that seen with lesser procedures, such as 
splenectomy alone’ or transesophageal ligation of varices 
without devascularization.'” Although it was thought that 
hypersplenism might play some part in the etiology of 
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Fic. 1. Actuarial survival of 60 patients treated for bleeding esophageal 
varices by the Womack procedure. 


the initial gastrointestinal bleeding and possibly relate to 
the incidence of rebleeding, this was not supported by our 
data. It is of concern whether any ablative operation could 
ever effectively control bleeding from a collateral circu- 
lation in which high pressures persist; recurrent or new 
varices would eventually form and lead to further 
bléeding. 

The similarity in survival between the alcoholic and 
nonalcoholic patients in our series conflicts with the find- 
ings of Zeppa'* and Warren, !*!6 who have reported poorer 
survival in alcoholic patients after selective, distal sple- 
norenal shunts. It was anticipated that the “Womack” 
procedure would produce results somewhat similar to 
those seen with selective shunt operations, since both pro- 
cedures preserve portal flow to the liver. Our observation 
of equivalent clinical results in alcoholics and in patients 
with other causes of portal hypertension is more consistent 
with the pattern of survival reported in series of patients 
after nonselective shunting procedures. This finding may 
be related to the fact that if our patients survived the op- 
eration they apparently stopped drinking. . 

In order to compare our results to the variety of other 
“ablative” procedures currently performed, it is conve- 
nient to classify the procedures into three basic types: 
esophageal transection and reanastomosis, gastroesoph- 
ageal devascularization without esophageal transection, 
and gastroesophageal devascularization with esophageal 
transection (Table 3). 


TABLE 2. Incidence of Rebleeding Following the “Womack” Procedure 


Number of Patients Incidence 

Surviving Operation Rebleeding 
Total 39 54% 
Alcoholic 26 54% 
Nonalcoholic 13 54% 
Spleen weight > 800 grams 9 33% 
Spleen weight < 800 grams 24 67% 
Platelets > 100,900 14 57% 
Platelets < 100,000 16 56% 
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TABLE 3. Coilected Series of “Ablative” Operations 














No. of Operative Length of Incidence 
Author, Year Patients Mortality Follow-up Rebleeding 
Esophageal transection alone 
Linschoten,'® 1982 64 39% — ~~ 
Wanamaker, !? 1983 20 60% avg 31 mo 50% 
Gouge,” 1986 15 53% to 35 mo 27% 
Ablation without transection 
Hassab,?! 1970 605 10% to 12.5 yr T% 
Skinner,” 1969 3 0% to 2 yr 0% 
Estes,” 1984 12 17% to 7.5 yr 20% 
Present report, 1985 60 35% avg 13.5 yr 54% 
Ablation with transaction 
Ginsberg,”* 1982 2 20% to 50 mo 0% 
Sugiura,” 1984 636 5.2% to 15 yr 6% 
Giodani,”® 1985 64 11% to 9 yr 6.5% 
Johnston,?’ 1982 80 14% avg 3 yr 20% 
Weese,”? 1984 H 36% to 28 mo 14% 
Gouge,” 1986 21 9.5% to 52 mo 37% 





Esophageal transection and reanastomosis has been 
performed using the button of Boerema,'® the EEA sta- 
pler (U.S. Surgical Corp., Norwalk, CT),!®!? or sutures.?° 
Included in this category are the results reported by 
Gouge” using a suture technique of transthoracic esoph- 
ageal transection and reanastamosis. Table | summarizes 
his results with this procedure alone in 15 patients sepa- 
rately from a group of 21 patients undergoing transection 
combined with a more complete thoracic and abdominal 
devascularization, which will be discussed in a later sec- 
tion. In general, esophageal transection and reanastomosis 
procedures are associated with high mortality and re- 
bleeding rates. The results achieved with these techniques 
are similar to those following transthoracic, intraesopha- 
geal ligation of varices proposed by Linton." Since these 
series usually contain high-risk patients, the high operative 
mortality rates might be anticipated. However, the re- 
ported rates of rebleeding are again excessive and are cer- 
tainly unacceptable for a definitive procedure. 

There are several available reports of ablative operations 
without esophageal transection. In Hassab’s series?! from 
Egypt, a large number of procedures were performed for 
portal hypertension and bleeding esophageal varices with 
very acceptable results; however, the etiology of liver dis- 
ease in the majority of his patients was schistosomiasis. 
It is difficult to compare the results of an ablative operation 
in his patients with parasitic infestation to those in patients 
seen in the United States, who usually develop liver disease 
secondary to alcoholism or hepatitis. Skinner? proposed 
an extensive paraesophageal devascularization but added 
methodical oversewing of the varices. He has reported 
good initial results, but only in a very limited number of 
patients. The series reported by Estes,” as well as the 
present report, suggests that an ablative operation without 


a procedure to completely disconnect the mucosal, sub- 
mucosal, and extrinsic venous system of the esophagus 
does not control recurrent bleeding. 

The final type of procedure consists of ablative oper- 
ation along with esophageal transection and reanasto- 
mosis. Ginsberg”* has reported excellent results in a very 
highly selected group of patients with this type of operation 
using the EEA stapler. His procedure is designed to pre- 
serve “the acquired portosystemic shunts, including those 
in the periesophageal plexus,” while interrupting the in- 
traesophageal venous plexus by transection. Sugiura’s 
group in Japan continues to report outstanding clinical 
results.” However, 185 of the 636 patients reported in 
his extensive series had no history of upper gastrointestinal 
bleeding and were operated on prophylactically. Although 
it is impossible to separate the prophylactic procedures 
from his reported data, even if all operative mortalities 
and episodes of rebleeding followed the 451 therapeutic 
operations, exceptional results would still be obtained. 
Sugiura is credited with emphasizing the importance of 
maintaining the connection of the coronary-azygos col- 
lateral venous circulation to effectively decrease the in- 
cidence of rebleeding. In contrast, Giordani has also re- 
ported good results with a complete portoazygos discon- 
nection, in addition to esophageal transection, using either 
the button of Boerema or the EEA. However, very few 
patients (7.8%) in his series were class C, and only 80% 
of the patients were followed long-term, with a limited 
mean follow-up of 33 months. Johnston?’ has docu- 
mented moderate rates for both operative mortality and 
rebleeding utilizing the EEA instrument along with sub- 
diaphragmatic devascularization in a series of patients 
unfit for shunt surgery. Weese”® has reported a high op- 
erative mortality rate for esophageal transection and 
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reanastomosis, using the EEA, in a small series of 11 pa- 
tients, yet the incidence of rebleeding was reasonably low. 
Gouge” has reported a high incidence of rebleeding in 
his group of patients undergoing both the thoracic and 
abdominal procedures; however, the coronary vein was 
ligated, disconnecting the portoazygos collateral system 
inl these patients. 

It is apparent that attempts by surgeons in this country 
to duplicate the clinical results achieved by others using 
various ablative operations, having different concepts of 
pathophysiology, in different patient populations, have 
been met with only limited success. 

In contrast to the results of ablative operations reviewed 
above, the long-term results currently being reported from 
several centers in North America with selective transsple- 
nic decompression of esophageal varices, or the spleno- 
renal shunt, are encouraging. The immediate postoper- 
ative mortality rate in the well-prepared patient is low, 
and the incidence of shunt occlusion and encephalopathy 
is acceptable, approximately 10%.” Similar results, at least 
in terms of mortality and shunt patency, have also been 
reported for total shunts such as the portacaval shunt.?? 

In summary, our results, as well as those reported from 
various other series in the United States, have shown 
ablative operations for bleeding esophageal varices in the 
adult age group to be associated with a prohibitive risk of 
operative mortality and recurrent gastrointestinal bleed- 
ing. It is concluded that in this situation ablative proce- 
dures should only be used in highly selected patients who 
cannot undergo a decompressive shunt. If an operation 
is indicated and appropriate veins are available, some type 
of portal venous decompression is preferred in patients 
with bleeding esophageal varices. Although surgeons 
seeing a limited number of these patients may find ablative 
operations technically easier to perform, this fact alone 
does not justify the use of a nonshunt procedure in an 
individual with suitable venous anatomy. To clearly define 
the effect of the addition of esophageal transection on the 
clinical results achieved with ablative procedures, larger 
numbers of patients and longer follow-up intervals will 
be required. For the present, these procedures should be 
evaluated only in interested centers that have adequate 
resources and the technical expertise necessary to manage 
these challenging patients. 
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DISCUSSION 


Dr. ROBERT ZEPPA (Miami, Florida): Thank you, Dr. Johnson. One 
thing that should be mentioned, at least early on in this series, is that 
when I was doing endoscopy on the patients, the varices did not go away, 
and, frankly, ablative procedures have one purpose only; that is, to treat 
the patient who has no veins. Otherwise, some form of decompressive 
procedure is necessary. 

Over the past 10 years, we have performed devascularization in 21 
patients. Nine or 43% died as a result of the operation, usually due to 
necrosis of the fundus of the stomach. 

Milnes-Walker was the first to discuss transecting the esophagus, and, 
before he died, he reported a 50% rebleeding rate after that little procedure. 
It seems that every year we reinvent the wheel, and we offer an analog 
of an operation that was described years ago. 

The operation of Hassad and Hassab in Egypt was really no different 
from Lemos-Torre’s operation, as performed in Brazil, which was applied 
predominantly to patients, as George correctly pointed out, with schis- 
tosomiasis. 

It is too bad that a very scholarly tome put together by Professor 
Sylvano Raia of Sao Paulo has not made it into English print. since he 
reviewed all of the known Brazilian literature on the application of these 
types of procedures to people with schistosomiasis in his country and 
reported that 60% of them rebled. 

He did the converse and looked at those series where portacaval shunts 
had been applied to these patients and found 60% encephalopathy. Thus, 
it was an interesting trade-off. I enjoyed this very much, and it brought 
back a lot of memories, George. Thank you. 


Dr. David B. SKINNER (Chicago, Illinois): Dr. Johnson, I greatly 
enjoyed reviewing your manuscript and the clear presentation of the 
paper. This type of careful, long-term follow-up of an operation many 
years later is essential for us in placing operations of this type or any 
other type into historical perspective. 

I would say, considering you took on all comers over that period of 
time, that a 35% mortality was not too bad, and a 62% 5-year absolute 
survival rate was pretty good. I do not think that you need to apologize 
for that clinical series. 

However, the rebleeding was too high, and you suggested that perhaps 
devascularization or ablation was the wrong concept. The other possibility 
is that it was not extensive enough. 

A critical question remains to be answered. What was the liver failure 
rate or encephalopathy rate in the survivors, since that is the third part 
of this triad of rebleeding, death, and liver failure that we need to look 
at when we review these results. 

Now, you mentioned on your slide that I described three cases in the 
1960s. Those patients were patients with failed shunts for whom we 
developed an extensive ablative procedure. | was aware of the Womack 
operation and the Milnes-Walker operation, both of which were reporting 
a too high rebleeding rate; thus, I decided to extend the devascularization 
further and described an operation that devascularized the stomach from 
the prepyloric antrum up to the arch of the aorta. 

I went up to the arch because I found in the azygos-venous system 
that there is azygos hypertension as part of the outflow from the portal 
system and a back filling of the varices from the thoracic side. 

Thus, there are three components to the ablative approach. One is 
the gastric devascularization. One is the transection, which we accom- 
plished by circumferential oversewing of the cardia to avoid the actual 
anastomosis. The third part of disconnection from the azygos system. 

My colleagues, Drs. Little and Schraut, and I have performed this 
operation in approximately 20 patients over the years, and I recently 
reviewed 14 personal cases done more than 3 years ago in preparation 
for this discussion. The hospital mortality, interestingly enough, was 
35%, the same as yours. All five deaths were in the Class C patients. 
However, in the nine survivors, only one or 11% has rebled during a 5- 
year (3 2 years in one) follow-up period during which they were kept 
under surveillance. There was no late incidence of new encephalopathy 
or liver deterioration in the survivors. 

The low rebleeding rate is very similar to that of the Sugiura operation 
in Japan, which is the only other procedure that I know of that also 
separates the esophagus from the azygos system, transects the esophagus, 
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and does a near total gastric devascularization. Thus, rather than conclude 
that an ablative approach may not be able to solve the problem, I think 
we might conclude that the ablative approach, as used in most series to 
date, has perhaps not been extensive enough. However, the mortality of 
this major surgery is still going to be high in Class C patients and will 
limit this approach to those patients who have had failed shunts or are 
unsuitable for shunts for other reasons. 


Dr. WARD O. GRIFFEN (Philadelphia, Pennsylvania): About 10 days 
ago George Johnson called me and asked me what had happened to a 
prospective, randomized series that I had thought about doing about 6 
years ago or so, namely, comparing the Sugiura operation to the distal 
splenorenal shunt. I told him it really never got off the ground because 
sclerotherapy came into vogue, and we basically stopped doing either 
shunts or the Sugiura operation. 

However, I have had experience with some eight ablative-type oper- 
ations utilizing the Sugiura technique, and I rise to make the point that 
transecting the esophagus that has undergone sclerotherapy beforehand 
is a treacherous event. 

In the eight patients we had, we, too, had a 37% mortality. All three 
of the patients who died, died of esophageal leaks and all three of them 
had had previous sclerotherapy. Thus, I think that to try and transect 
the esophagus after sclerotherapy is very dangerous. 

I would like to ask Dr. Johnson to what his operative mortality was 
due. He mentions in the manuscript that hepatic encephalopathy did 
not occur after operation. Did you have leaks from the gastric resection, 
and is that the reason that patients died? 


Dr. JERE W. LORD, JR. (Bedford, New York): Dr. Johnson and Dr. 
Keagy should be commended for their willingness to discuss unfavorably 
an operation originated by their beloved mentor, Dr. Nathan Womack. 
It is not an everyday occurrence to hear a paper that concludes that a 
cherished operative procedure should no longer be applied. 

I would like to describe briefly two patients with extrahepatic closure 
of the portal vein treated at the New York University-Bellevue Medical 
Center in 1954 and 1955, In each patient, the spleen had been removed 
several years earlier for massive hemorrhage from esophageal varices. 

In the first patient, a 25-year-old, I searched unsuccessfully for the 
stump of the splenic vein and therefore carried out a total devasculariza- 
tion of the stomach from the esophageal junction to the pylorus. Happily, 
the stomach remained viable. Some 2 months later, massive hemorrhage 
recurred. 

Not pleased with our experience with Dr. Phemister’s limited esoph- 
agogastrostomy procedure, a colleague and I resected the lower two- 
thirds of the esophagus and joined the cardiac end of the stomach to the 
remaining esophagus above the aortic arch. 

Convalescence was uneventful. She moved to Rochester, New York, 
where Dr. Earle Mahoney followed her for 15 years until she was lost to 
follow-up. 

Eight years after operation, she developed an acute cholecystitis with 
stones for which he removed the gallbladder. She never bled during the 
15 years. 

The second patient, also a postsplenectomy bleeder, was 52 years of 
age when she was seen in 1954 for an occluded portal vein and massive 
hemorrhage from esophageal varices. Following resuscitation with 3500 
ml of blood, the Linton procedure of transthoracic transesophageal suture 
of varices was performed. She did well for 15 months, when she was 
readmitted with another massive hemorrhage requiring control with a 
Blakemore-Sengstaken tube and 4000 ml of blood transfusion. 

In January 1956, I carried out a subtotal esophajectomy with a high 
esophagogastrostomy through a right thoracic approach. 

The patient enjoyed good health until 8 years after operation, when 
she, too, developed acute cholecystitis with stones. A cholecystectomy 
was carried out uneventfully. She died in November 1977, age 75, some 
22 years after operation without experiencing another hemorrhage. Death 
was due to a fractured hip and complications that followed. 

In both patients the liver was functionally and histologically normal. 

I would ask Dr. Johnson, with his long-time interest in ablative pro- 
cedures, has he encountered personally or in his review of the literature 
a similar operation to the ones I described? 
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Dr. W. DEAN WARREN (Atlanta, Georgia): I apologize for rising again, 
but I would like to congratulate George Johnson for his long, sustained, 
honest, hardworking surgical scholarship that has added so much to this 
Association. E 

There is one point I think that should be clarified: in the alcoholic 
with distal splenorenal shunt, loss of portal perfusion occurs very early. 
These data were presented by Mike Henderson to the American Surgical 
Association a couple of years ago. I think that nonshunt operations take 
away many collaterals without opening up new ones. This would account 
for the sustained portal flow in the alcoholic and could explain the lack 
of difference in survival between the alcoholic and nonalcoholic groups. 


DR. GEORGE JOHNSON, JR. (Closing discussion): I appreciate all the 
discussion on our presentation. Dr. Skinner, there were no patients who 
died from hepatic encephalopathy during the postoperative period. I 
would hope that your center will be one of those that will continue to 
do ablative-type operations. I do not think J can continue to do it in 
North Carolina, for the present at least. 

I believe that we will see more need for ablative dperations. One prob- 
lem that was not brought up in the discussion of the paper presented by 
Dr. Warren is that the sclerosing solution does not always Stay in the 
varices. We have seen occlusion of the portal vein and the splenic vein, 
which I think is due to the sclerosing solution. We are going to have to 
do ablative operations on some of these patients if sclerotherapy continues 
to be used as it is now. 

Dr. Griffen, I sincerely appreciate your comments. Roughly 40% of 
the postoperative mortalities were due to continued bleeding or rebleed- 
ing, and, as you stressed, 30% were due to an infection, probably from 
a leak at the gastrostomy site or from a leak at the anastomosis. i 

Dr. Lord, we appreciate your comments. I am not aware of the pro- 
cedure you describe in adults. 
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Dr. Warren, we appreciate your kind words. 

I would like to take 1 minute to complete the epitaph of the ablative 
operation as proposed by Dr. Womack as a primary procedure for the 
treatment of portal hypertension and bleeding esophageal varices, 

Since Dr. Womack recognized the high incidence of rebleeding in 
these patients, he concluded that the procedure should be done in com- 
bination with an esophageal transection, and reanastomosis, and a more 
extensive paraesophageal devascularization as now proposed by Dr. Sug- 
iura. Whether this addition will be effective remains to be seen. 

As an epilogue to this presentation, Mr. President, since the distal 
splenorenal shunt was championed and proven by two presidents of this 
society, I felt it my responsibility to share a brief historical vignette 
with you. 

(Slide) As we all know, Dr. Zeppa worked with Dr. Womack and was 
undoubtedly stimulated by the thoughts of Dr. Womack regarding the 
management of esophageal varices associated with portal hypertension. 
The fact that the ablative operation proposed by Dr. Womack did not 
shunt blood away from the liver and did not cause encephalopathy must 
have had some influence on Dr. Zeppa. 

(Slide) When Bob joined Dean Warren in Miami, the Warren concept 
of a selective shunt must have been particularly attractive. Although 
Warren was a master of the side-to-side portacaval shunt at the time, he 
was cognizant of its defects, and Zeppa was aware of the defects of the 
ablative operation. They worked together on the selective decompression 
of esophageal varices, the procedure currently in vogue for the operative 
treatment of this disease. i 

In 1973, Dr. Warren went to Atlanta, leaving Dr. Zeppa in Miami, 
where he continued to champion the distal splenorenal shunt. 

(Slide) Our President is known for his national input into medical 
student and house staff evaluation and education and his major contri- 
butions to the surgical literature and, in addition, for his tight control 
on the “Miami Mafia.” 
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Beginning in 1973, the Breast Cancer Detection Demonstration 
Project at Georgia Baptist Medical Center screened 8858 sup- 
posedly asymptomatic vohmteers. These screenees found to have 
cancer were treated by various surgeons, using all types of treat- 
ment with varying expertise. There has been 100% follow-up 
after 10.5 years. The overall survival is 90.8%. The women over 
50 in all categories survived longer than the younger age group. 
Those women with lesions 1 cm or smaller survived longer than 
those with larger lesions. The women whose tumor was not pal- 
pable clinically and was discovered by roentgenogram had the 
best survival rates (96.8%). In the less-than-50 age group whose 
cancer was detected by roentgenogram alone, 88.2% survived 
10.5 years, while 100% of the older group is still living. These 
results do not consider the type of therapy nor the skill with 
which it was administered and is the result of routine screening 
only. 


FE DEATH RATE from cancer of the breast has re- 
mained at about 25 per 100,000 for manv years. 
Certainly more women are being cured o7 breast 

cancer today than ever before, because the incidence rate 
is continuously rising, with invasive breast cancer esti- 
mated at 119,000 this year.! The deaths from breast cancer 
in 1985 were estimated at being 38,400, which is a tre- 
mendous loss of life in American women. We must find 
and treat these individuals earlier in the course of their 
disease if we are to reduce the loss. The American Society 
for Control of Cancer (now the American Cancer Society) 
began in 1913 with the premise that the earlier a cancer 
was treated, the better the chance of cure. The premise 
remains the basis of the American Cancer Society’s efforts 
and is the theory for routine screening. 
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From the Breast Screening Clinic,-Georgia Baptist 
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Strax? demonstrated in the Health Insurance Program 
of New York that routine breast screening of 31,000 


-women, using another 31,000 as a control group, pro- 


duced one third less mortality after 7 years. This infor- 
mation led the American Cancer Society to decide in 1972 
to start four Breast Cancer Detection Centers. Within a 
few months, the National Cancer Institute joined part- 
nership in this effort, and together they funded 27 Breast 
Cancer Detection Demonstration Projects (BCDDP). The 
experience of the BCDDP at Georgia Baptist Medical 
Center is the basis of this report. 

The goal of each project was to screen 10,000 asymp- 
tomatic women over a 5-year period, with an additional 
5-year follow-up. Unfortunately, there was no cohort of 
women to act as a control group. These screenées were 
volunteers recruited by the local units of the American 
Cancer Society, church and club groups, and by word of 
mouth. The number of screenees was almost immediately 
oversubscribed. 

When a female was admitted to the project, she named 
the physician of her choice. The results of the screening 
were forwarded to that physician with any recommen- 
dations for further investigation. The different attitudes 
and training of these physicians resulted in various types 
of treatment varying from radical, modified radical, simple 
mastectomy, or lumphectomy in those women with pos- 
itive biopsies. In addition, some patients had adjuvant 
radiotherapy and/or chemotherapy. No attempt is made 
in this report to consider the type of therapy nor the skill 
with which that treatment was administered. In the Geor- 
gia Baptist Medical Project, 947 different physicians were ~ 
named. A few were surgeons, but most were primary care’ 
physicians who referred the patient to the consultant of 
her choice for further investigation and/or treatment. 


“ 
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TABLE 1. Overall Survival for 10.5 Year Average and 10.2 Year 
Median after Therapy for Breast Cancer in 122 Women 


10.5 years average 

10.2 year median 

Dead 13/122 (10.6%) 

100% follow-up—109 living (89.4%) 


TABLE 2. Survival of Women Less than 50 Years of Age 
and Those 50 or More Years Old 
Age N Dead Alive Per Cent 
<50 44 7 37 84 
>49 76 4 72 94.7 
Total 120 11 109 90.8 


The project screened 8058 women during 34,341 visits. 
Egan, at Emory University, wished to take part in the 
project but could screen only 2000 women; this resulted 
in the Georgia Baptist Medical Center screening the re- 
mainder of the 10,000. Screening of those women less 
than 50 years of age was stopped after the first 2 years as 
recommended by the National Cancer Institute consensus 
meeting because of the fear of the radiation carcinogenesis 


. that prevailed at that time. The screening was done using 


physical examination, xeromammography, and thermog- 
raphy. After a few months, thermography was abandoned 
when only 43% of those women with cancer were found 
to have positive thermograms. Eight lesions (6.6%) were 
found by clinical exam and were not discernible by roent- 
genogram. Three of these were less than 40 years of age 
and had thick breasts. The other lesions were either quite 
peripheral or very deep in the breasts and were off the 
film. 

There was a 100% follow-up of these women with can- 
cer, with an average time of 10.5 years and a median time 
of 10.2 years since their therapy. Of the 912 women who 
were biopsied, 122 were found to have breast cancer. 
Thirteen had cancer in both breasts; thus a total of 135 
cancers were found in 122 women. Thirteen of the 122 
patients (Table 1) who had breast cancer have died, leaving 
89.4% living. Two patients, however, died of other dis- 
eases, one of stroke and one of heart disease. Autopsies 
on both revealed no cancer; however, both have been dis- 
carded from these statistics. Therefore, 120 patients with 
11 deaths (90.8% living) are eligible for this study. The 
patients have been divided into three large groups: 


1. Age—less than 50 years of age and those 50 years 

- of age and older. 

2. Size of lesion—lesions less than 1.1 cm in diameter 
and those larger. 

3. Palpable versus nonpalpable lesions. 


In the 44 patients (Table 2) less than 50 years of age, 
seven are dead and 37 are living (84%). In the group of 
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TABLE 3. Survival of 42 Women with Cancers Greater 
than I cm in Diameter 


Age N Dead Alive Per Cent 
<50 18 3 15 83.3 
>49 24 2 22 91.7 


Total 42 5 37- 88 


TABLE 4. Survival of 82 Women with Cancers Less 
than 1.1 cm in Diameter 


Age N Dead Alive Per Cent 
<50 27 3 24 88.9 
>49 55 2 53 96.4 


Total 82 5 77 93.9 


those 50 years of age and older, four of the 76 have died, 
with 72 (94.7%) living. 

In the group considering the size of the tumor, there 
were 18 (Table 3) women less than 50 years of age with 
lesions greater than 1 cm in diameter. Three have died, 
leaving 15 (83.3%) still alive. Of the 24 women 50 years 
of age and older, two have died, leaving 22 (91.7%) living. 
Of the total of 42 women in this group, five have died, 
with 37 (88%) living. 

There were 27 patients whose lesions were less than 1.1 
cm in diameter (Table 4) and who were less than 50 years 
of age; three have died and 24 (88.9%) are alive. Of the 
55 women in the 50 years of age and older group, two 
have died and 53 (96.4%) are living. With both groups ` 
combined, there are 82 patients, five of whom have died, 
with 77 alive (93.9%). 

In the 18 women of the group with clinically palpable 
lesions (Table 5) who were less than 50 years of age, three 
have died, with 15 living (83.3%), while, in the group of 
women 50 or more years old, four of the 31 are dead and 
27 still live (87.1%). Combining both of these groups for 


TABLE 5. Survival of 49 Women with Clinically Palpable Lesions 


Age N Dead Living Per Cent 
<50 18 3 15 83.3 
>49 31 4 27 87.1 


Total 49 7 42 85.7 


TABLE 6. Survival of 62 Women Whose Lesions Were Detected by 
roentgenogram but not Palpable Clinically 


Age N Dead Living Per Cent 
<50 17 2 15 88.2 
>49 45 0 45 100 
Total 62 2 60 96.8 
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palpable tumors, there are 49 patients; seven have died 
and 42 (85.7%) are alive. Of the 17 women in the less 
than 50 age group whose lesion was not palpable clinically 
(Table 6) and whose tumors were detected by roentgen- 
ogram alone, two have died and 15 (88.2%) are alive. In 
the 45 patients who were 50 years or more of age, none 
have died, leaving 100% living. Of the 62 patients (51.6% 
of the 120 patients) whose lesion was not clinically pal- 
pable, therefore found only by roentgenogram, 60 (96.8%) 
are living at present. 


Results 


Routine breast screening has increased the survival of 
both the younger and the older age groups of women who 
had breast cancer. Routine screening can discover non- 
palpable lesions that resulted in an overall survival of 
96.8%. There have been no deaths in the older age group 
with nonpalpable lesions who were treated on the average 
for more than 10.5 years. These results are due to earlier 
detection of the lesions with no consideration given to 
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the type of treatment or the skill with which it was ad- 
ministered. 


Conclusion 


Breast screening should be made available to greater . 


numbers of women, especially those in the higher risk 
groups. The cost of screening in many instances is pro- 
hibitive; therefore, every attempt should be made to keep 
this cost as low as possible either by means of a nonprofit 
screening organization or as a “loss leader” in the hospitals 
and health centers in our nation. Those women who can- 
not be screened should be taught breast self-examination. 
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DISCUSSION 


Dr. WILEY F. BARKER (Los Angeles, California): I have enjoyed the 
paper by Drs. Letton and Mason, and I am in substantial agreement 
with their material on the basis of our own experience at the UCLA 
Surgical Breast Clinic. There is, however, one sticking point. 

According to MacDonald, the time a tumor takes to grow from | cm, 
when it is impalpable, to 2.5 cm, when it is clearly palpable is about 2 
years. Put in other terms, this might mean that a 48-year-old woman 
who has a | cm tumor found by mammography has, according to Dr. 
Letton, a 91% chance of surviving 5 years, or until she is 53. Can you 
really assure me that the woman at 48 whose | cm tumor is found by 
mammography has a much better chance of living to be 55 than does 
the woman who at the age of 50 finds a 2.5 cm. tumor by palpation? 

Presumably, there is a difference in survival that depends on the oc- 
currence of metastases in this 2-year interval; I believe it, and therefore 
1 believe that early diagnosis is critical, especially if by mammography 
one can find the very small tumors, thereby offering the patient an ex- 
tended life expectancy—counting from birth; but I am not at all sure 
that these data prove it. I wonder if we will have to begin to record 
survival statistics according to the size of the primary tumor in order to 
answer this properly? Can the authors answer this problem for me? 


Dr. LOREN J. HUMPHREY (Kansas City, Missouri): Fifty-four million 
women fit the criteria in this country for breast cancer screening. It is 
my opinion that breast cancer screening can have the same impact on 
survival, all due respect to Wiley, that the Pap smear has had on carcinoma 
of the cervix. 

This fine paper by Dr. Letton demonstrates the bottom line on com- 
prehensive breast cancer screening, a 30% increase in survival. 

In our private cancer screening clinic, there are other benefits that 
enured to patients. These are education that gives them the sense of self- 
reassurance when they leave, and a much better realization of the greatest 
problems that are found, noncancer problems of the breast. 

There are two large problems facing screening. The first, the so-called 
breast imaging centers where a cheap mammogram is taken with or 
without some person making a pass at breast examination. The second 
one, the small number of women who avail themselves of these programs. 

My question for Dr. Letton is in two parts. When your program's 
grant concluded and the program was continued on a fee-for-service 


basis, what was the attrition in the participants, and, since that time, 
what has been your annual accrual rate in new patients to your program? 


Dr. VERNON H. REYNOLDS (Nashville, Tennessee): The authors are 
commended for the remarkable 100% follow-up in this very large pop- 
ulation of women. This study clearly shows that survival in women with 
carcinoma of the breast can be improved by early detection through this 
routine method of screening. 

Dr. Letton, do you have any data on the estrogen and progesterone 
receptors in these tumors, and, if so, how do they correlate with survival? 


Dr. HAROLD J. WANEBO (Charlottesville, Virginia): I, too, would like 
to congratulate Dr. Letton on a beautiful presentation of a very major 
problem, and, certainly, when you see a survival benefit of 90% at 10 
years and you look over all of the chemotherapy data, there is almost 
no question about which direction we should be going in, that is, to 
emphasize and support breast cancer detection programs. 

My first remark is really in the form of a question: what is the role of 
serial mammography in cancer detection in the group of patients pre- 
sented? 

In our own institution, one third of our breast cancers were detected 
because of changes observed by interval mammography alone that were 
not seen on the first mammogram. What was the percentage of patients 
detected by interval mammography in your series? 

Second, would Dr. Letton make some recommendations about the 
frequency of follow-up mammograms after the second or third year. 
Should it be on a vearly basis, or is there a point of time where one could 
do it every 2 or 3 years? 


Dr. HIRAM C. POLK, JR. (Louisville, Kentucky): The points to reiterate 
in this paper are brief but clear. 

First of all, I think we agree substantially with the context of the paper. 
Material presented to this society from our unit, which was similar to 
the one operated by Dr. Letton, first by Dr. Bland and by our Past 
President Dr. Laman Gray, Sr., essentially points out the very real value 
of the process. 

One thing that is often missed. though, is a point that Dr. Letton made 
and particularly missed in the mammogram centers: there is a persistent 
6 to 8% false-negative rate in xeromammographic screening of the breast 
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that is not appreciated by many. These isolated units are doing an enor- 
mous disservice to women through failing to appreciate the significance 
of the false negativity that is part and parcel of this diagnostic process. 

The third point that I would like to make is one that was brought up 
initially by the first discussant, and that is basically the substantial problem 
of lead time bias. While these are the best results that have ever been 
described, part of this may well be due to the earlier discovery of a tumor 
and building in a 2- or 3-year “‘lead-time-bias” that will lead to higher 
survivals from time of detection, but perhaps will not, as outlined so 
nicely by Dr. Barker’s question and his graph, actually increase the sur- 
vival for a given woman who is destined to develop breast cancer. 

There is a point in the manuscript, and made briefly in the presentation, 
about the unevenness of therapy. As a matter of fact, we have a fair 
amount of information about that from our own project. Indeed, when 
patients were referred, more than 98% of our patients who were cared 
for for breast cancer had their operations carried out by surgeons who 
were certified by the American Board of Surgery. I think that in most 
parts of the South there is a fairly high standard of care for this, and 
most of these patients, while there may be a random referral process, 
end up in the hands of highly qualified surgeons who do the right operation 
at the right time for the right reason. 

Finally, I would be very interested to learn if there is a difference in 
the comparative group diagnosed and worked with by Dr. Eagan at Emory 
compared to the group from Georgia Baptist. I think that would be an 
internal control that would provide great interest to many of us in this 
field. 


Dr. BENJAMIN F. RUSH, JR. (Newark, New Jersey): We also have one 
of the national breast screening units. About 2 years ago, one of my 
residents, Dr. DeGrote, began to look at some of our so-called interval 
patients. I think Harry Wanebo was alluding to some of the problems 
of interval tumors in his remarks, that is, the patient who seems totally 
negative when examined by mammography and physical examination 
and then 1 or 2 or 3 or 6 months later finds a lump, goes to her physician, 
and, lo and behold, now has a mass in the breast of anything between 2 
and 11 cm, as occurred in the 21 such patients we found in our series. 

What about those patients? Where do such tumors come from and 
what do they represent? 

Our conclusion is that they represent a group of patients with very 
rapidly growing tumors. Their lesions were truly undetectable on first 
examination. Such tumors are quite lethal. The death rate in that group 
in our experience was about 60% at 5 years, much different from the 
10% or less that is reported today. 

I am wondering if Dr. Letton has included that group in his series or 
perhaps left them out. 


Dr. A. HAMBLIN LETTON (Closing discussion): Thank you, Dr. Zeppa. 
I genuinely appreciate the remarks of all of our discussants. 
Dr. Barker, there is no way that we can predict that the younger patient 
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may live longer than the older after the tumor is found. In fact, from 
our experience, there is a greater percentage of the younger women who 
do not survive as long as the older group. If one observes the incidence 
curve of carcinoma of the breast, there is a very definite dip at about the 
50-year mark (about menopause). There is a definite difference in the 
breast tumor in the two age groups. In the younger age group they tend 
to be more deadly and grow faster. 

Because of the results of the HIP studies showing the cost effectiveness 
of screening of the women over 50 years of age and because of the fear 
of radiocarcinogenesis in the younger group, the National Cancer Institute 
stopped mammography in the less than 50 year age group several years 
(2 years) after we started. 

If you are referring to the time bias of finding a tumor earlier in the 
younger group, therefore, they should live longer, I do not think that 
this is valid for, first, we are finding equally early tumors in both groups 
and, second, the time lapse of 10’ years should start showing us early 
metastases, and we are not seeing it. 

Dr. Humphrey, I agree that the rash of new breast clinics springing 
up is a problem. They are using all sorts of gimmicks and charging ri- 
diculously high prices. As an example, they use ultrasound to find a cyst 
or solid tumors for $75 or more each, which gives no more information 
than the aspiration of the mass with a 75¢ needle, which also eliminates 
the problem if it happens to be a cyst. But if it is a solid tumor, many 
times one can get a needle aspiration biopsy. 

Our attrition rate has been high. We are now doing about 100 per 
week of paid examinations rather than 300 or 400 when the tests were 
done free. Our charge is $53 total, which, while the least expensive in 
the area, is still too high were it to be widely used. The public must be 
educated in the life-saving ability of this test. Dr. Phil Strax, whose office 
in Fort Lauderdale charges $35, is doing 1000 per month mainly because 
of his educational efforts. 

Dr. Wanebo, we have had a number of interval cancers, (i.e., tumors 
found between annual examinations). Dr. Rush was referring to this. 
Dr. Hiram Polk has labeled some of these acute cancers fast growing 
and fast killing. We have looked at the previous x-rays and, in retrospect, 
we find few with abnormalities that were not definitive enough to be 
called originally. We have had some other cancers that have been detected 
by succeeding examinations after having normal exams previously. We 
do not know how often the examination should be done. The HIP study 
showed once a year after age 50 was cost effective. Hopefully, when all 
the information from the BCDDP is in, this will help make this decision. 
At the present time, we are using the case history of the woman as to 
what her risk is and to the appearance of the previous mammogram 
(Wolf's classification). When I was on the Cancer Control Division Ad- 
visory Committee of the NCI, this was a recurring, unanswered question, 
which remains unanswered. 

I do not know if Dr. Egan has tabulated his follow-up; I really doubt 
it. I have not heard of it. He retired and lives at Lake Lanier now. I do 
thank the discussants and appreciate the audience’s participation and 
listening. 
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Although fine needle aspiration (FNA) biopsy of the breast has 
been shown to be a safe and accurate technique, many surgeons 
question whether it is reliable enough to replace excisional biopsy. 
If FNA biopsy is followed by excisional biopsy for confirmation, 
it would seem that the cost of diagnostic work-up would be in- 
creased. In this study, however, the authors show that the major 
economic benefit of FNA biopsy is not that it replaces excisional 
biopsy, but that it allows the surgeon to triage which patients 
should have a l-stage inpatient procedure with frozen section 
and which patients should have an excisional biopsy as an out- 
patient under local anesthesia. Over the past 2 years, the average 
cost at the East Carolina University School of Medicine of ex- 
cisional outpatient biopsy (negative) was $702 + 348; inpatient 
biopsy (negative) was $1410 + 262; inpatient 1-stage procedure 
(positive) was $4135 + 361; and outpatient biopsy (positive) 
followed by inpatient procedure was $4822 + 586. The authors’ 
last 100 FNA biopsies were read as 23 positive, three suspicious, 
65 negative, and nine insufficient. There were no false-positives 
and four false-negatives, for a sensitivity of 87%, specificity of 
100%, and accuracy of 96%. Using the above figures, it is possible 
to calculate the cost per case if all 100 cases had been biopsied 
by the 1-stage inpatient technique ($2227), by the 2-stage out- 
patient method ($1938), or guided by the FNA biopsy where 
positive and suspicious readings are followed by an inpatient 1- 
stage procedure and negative and insufficient readings followed 
by an outpatient 2-stage procedure ($1759). Since the FNA bi- 
opsy costs $75, it resulted in a savings per case of $393 over 
routine inpatient biopsy and $104 per case over routine outpatient 
biopsy. Computer analysis revealed that the FNA biopsy would 
still be economically favorable if the sensitivity of the test fell 
as low as 37%, the specificity as low as 80%, or if the pereentage 
of cases of cancer in the population biopsied fell as low as 13%. 
Since FNA biopsy is cost effective even when followed by an 
excisional or frozen section biopsy for confirmation, it would be 
safe and reasonable to expand its use to smaller hospitals where 
the personnel may be initially less experienced with the technique. 
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VER THE PAST FEW YEARS, there has been a trend 
towards performing breast biopsies on an out- 
patient basis under local anesthesia rather than 

using the traditional 1-stage inpatient approach.'? This 
allows a patient with breast cancer to know the diagnosis 
and decide on the type of definitive treatment before re- 
ceiving a general anesthetic. In addition, when used rou- 
tinely on all patients, outpatient biopsy is considerably 
more cost effective than inpatient biopsy because the ma- 
jority of biopsies are benign.*~> For the minority of women 
who turn out to have a carcinoma, however, there are 
some disadvantages to excisional outpatient biopsy, 
namely, the discomfort and increased cost of two operative 
procedures rather than one, the slightly increased risk of 
wound infection following the second operative proce- 
dure,° the possibility that estrogen receptor analysis may 
not be performed on a lesion that is clinically not suspi- 
cious for malignancy, and the possibility that the exci- 
sional biopsy may compromise future options for con- 
servative local control.’ 

Fine needle aspiration (FNA) biopsy recently has re- 
ceived enthusiasm, and several reports have established 
it as an accurate and reliable technique.*-!*® There is no 
consensus, however, as to where this procedure fits into 
a Clinical decision tree in the work-up of a breast mass. 
Specifically, if the FNA diagnosis is negative, some sur- 
geons will follow a mass conservatively,*!'':'° although the 
majority will proceed with excision of the mass.!*!4!>!7 
Conversely, if the FNA diagnosis is cancer, some surgeons 
will proceed with definitive treatment, !®!>!41718 whereas 
others will require at least a frozen section confirmation 


~ 
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of the malignancy.!!!* Purely from the standpoint of cost 
effectiveness, it has been argued that if FNA biopsy is 
usually followed by excisional biopsy for confirmation, 
the procedure may actually increase the cost of work-up 
for a breast mass.!? 


~> — Over the past 2 years, we have performed a cost analysis 


of breast biopsies at our institution. In this paper, we de- 
scribe an algorithm for work-up of a breast mass where 
the major role of FNA biopsy is to decide whether the 
definitive biopsy is performed on an outpatient basis under 
local anesthesia or is performed on an inpatient basis using 
the traditional |-stage approach. This approach avoids 
any liability from a false-positive or false-negative needle 
aspiration biopsy and still results in a marked cost savings 
when compared with either the routine 1-stage or 2-stage 
approach. F 


Methods 
FNA Biopsy 


The technique for FNA biopsy has been previously de- 
scribed.!70! A 22-paupe, 1.5-inch needle, attached to a 
disposable 20 ml syringe fitted into a commercially avail- 
able syringe holder was used. Because of the thinness of 
the needle, there was no need for prior local anesthesia. 
The aspirated material was expressed onto slides and 
compressed with another slide, similar to a bone marrow 
aspirate preparation, The majority of the smears were im- 
mediately wet-fixed in 95% alcohol and stained by the 
Papanicolaou technique. One or more air-dried smears 
were stained with a modified Wright stain (Diff-Quik stain, 
Harleco, Gibbstown, NJ). This staining process can be 
performed within 20 seconds and therefore lends itself to 
a “quick read” interpretation of the material. A final report 
can be rendered within a few minutes to up to 2 hours 
while the patient waits in the clinic or office. 


Costs 


Charts were reviewed over the past 2 years at our in- 
stitution to determine the average cost of a I-stage versus 
2-stage approach for both positive and negative lesions. 
A 2-stage approach was defined as any case where the 
initial excisional biopsy was performed on an outpatient 
basis, and then, if positive, a second definitive procedure 


was performed on an inpatient basis at a later time. A 1- - 


stage approach was defined as any case where the initial 
excisional biopsy was performed on an inpatient, and, if 
positive on frozen section, a definitive procedure was per- 
formed at the same time. Some of these patients had pre- 
vious FNA biopsies and some did not, but the classifi- 
cation depended on the first excisional biopsy. If a FNA 
biopsy was performed, the cost was not included in the 
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cost analysis but will be discussed later in the result section. 
The costs analyzed included all hospital, operating room, 
recovery room, laboratory, radiology, pathology, and 
anesthesia charges, but did not include the surgeon’s 
professional fee. 

The results of our last 100 FNA biopsies were reviewed 
and compared with the result found on excisional biopsy 
to determine the accuracy. Results were reported as ma- 
lignant, suspicious for malignancy, benign (often with a 
specific diagnosis), or insufficient. For the purpose of cal- 
culating the accuracy, we did not feel that it was fair to 
exclude the suspicious and insufficient diagnoses; thus, a 
suspicious diagnosis was considered positive and an in- 
sufficient one was considered negative. Sensitivity was de- 
fined as TP/(TP + FN) X 100, specificity as TN/(TN 
+ FP) X 100, and accuracy as (TN + TP)(TN + FN + 
TP + FP) X 100. (TN = true-negative, FN = false-neg- 
ative, TP = true-positive, and FP = false-positive). 

No attempt was made to study the actual cost separately 
for the group of patients who had FNA biopsy, but, using 
the average cost for each approach determined above, we 
could calculate what the cost would be for the 100 patients 
under a I-stage approach, a 2-stage approach, or a selective 
approach based on the results of the needle biopsy. In 
actual practice, the approach in most of these patients 
was based on the FNA biopsy, and therefore the actual 
savings was similar to the calculated savings. Since the 
results with FNA biopsy may be different at other insti- 
tutions, an Apple personal computer (Apple Computer 
Inc., Cupertino, CA) was used to study the effect of varying 
several parameters, as described in the text. 


Results 
Cost of Breast Biopsy 


Various approaches to breast biopsy have been used at 
our institution, depending on the preference of the surgeon 
and the patient. Over the past 2 years, the average cost of 
each of these approaches (not including the cost of FNA 
biopsy, if performed) was as follows: outpatient excisional 
biopsy (negative for cancer) $702 + $348; inpatient ex- 
cisional biopsy (negative for cancer) $1410 + $262; in- 
patient 1-stage procedure (positive for cancer) $4135 
+ $361; and outpatient excisional biopsy (positive for 
cancer) followed by inpatient definitive procedure $4822 
+ $586. The cost of outpatient excisional biopsy averaged 
$702 but ranged from about $300 to over $1200, de- 
pending on: (1) whether it was performed in the outpatient 
clinic, in a free-standing surgical center, or in the hospital 
operating room; and (2) whether it was performed under 
local anesthesia, local anesthesia with general anesthesia 
standby, or, in a few cases, general anesthesia. The cost 
of inpatient biopsy ($1410) was more consistent but varied 
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TABLE 1. Results of Fine Needle Aspiration Biopsy 


Excisional Biopsy Diagnosis 

FNA Result Negative Positive 
Positive 23 0 23 
Suspicious 3 0 3 
Negative 65 63 2 
Insufficient 9 7 2 


somewhat depending on whether the patient spent one 
night or two nights in the hospital. Almost all of the in- 
patient biopsies were done under general anesthesia. For 
patients without cancer, clearly the outpatient biopsy was 
the least expensive. 


When the biopsy was positive for cancer, in most cases _ 


the definitive procedure performed was a modified mas- 
tectomy, although a smaller percentage of cases underwent 
a tylectomy and axillary dissection. The average cost of 
a 2-stage approach for patients with cancer ($4822) was 
nearly equivalent to the cost of an outpatient biopsy for 
patients without cancer ($702) plus a 1-stage procedure 
for patients with cancer ($4135). Theoretically, one would 
expect some savings since a frozen section was unneces- 
sary, resulting in a shortened operating time for the second 
procedure, but in practice this savings was modest ($15). 
For patients with cancer, the 2-stage approach was clearly 
much more expensive than the l-stage approach using 
frozen section biopsy. 


Results of FNA 


The results of our last 100 FNA biopsies are shown in 


Table 1. Only those cases in which a subsequent excisional 
biopsy was performed are included in the table. During 


TABLE 2. Cost of Different Approaches to Breast Biopsy 


All All Guided 
Outpatient* Inpatient* by FNAT 
FNA True N ($) ($) ($) 
Positive + 23 110,906 95,105 96,830 
pE 0 0 0 0 
Suspicious + 3 14,466 12,405 12,630 
i = 3 0 0 0 
Negative + 2 9644 8270 9794 
= 63 44,226 88,830 48,951 
Insufficient + 2 9644 8270 9794 
= 7 4914 9870 5439 
Total 193,800 222,750 183,438 
Cost per case 1938 2227 1834 
Savings of FNA 104 393 


* Average cost for the category involved multiplied by the number of 
cases in that category, i.e., 23 X 4822 = 110,906. 

+ Cost from appropriate column on the left plus the cost of FNA 
biopsy ($75 multiplied by number of cases), i.e., 95,105 + 1725 = 96,830. 
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the same time period, there were a small number of cases 
where clinically the lesion was not very suspicious for 
cancer, and, after a negative FNA biopsy was done, no 
excisional biopsy was performed. So far none of these 
cases have developed cancer, but the follow-up is short. 


Of the 100 cases where the results could be compared - 


with excisional biopsy, there were no false-positives and 
four false-negatives. The sensitivity of the procedure was 
87%, the specificity was 100%, and the accuracy was 96%. 


Cost of Different Approaches to Breast Biopsy 


Using the average cost for each approach as determined 
above, we calculated the cost for the 100 patients who 
underwent FNA biopsy for a 1-stage approach, a 2-stage 
approach, or a selective triage approach based on the re- 
sults of the FNA biopsy. In the selective approach, positive 
and suspicious readings on the FNA are followed by an 
inpatient 1-stage biopsy, and negative and insufficient 
readings by an outpatient 2-stage biopsy. The results are 
shown in Table 2. As expected, for patients with cancer, 
the 1-stage approach was most cost effective, whereas, for 
patients without cancer, the 2-stage approach was most 
cost effective. Since the FNA was quite successful in pre- 
dicting the true outcome, it allowed the most efficient 
approach in the majority of patients. Of course, the false- 
negative readings and insufficient readings added slightly 
to the cost, which could have been obtained if the FNA 
were perfect. However for the entire population of 100 
patients, the FNA allowed savings of $39,300 over the 
routine |-stage approach and $10,400 over the routine 2- 
stage approach. In actual practice, most of these 100 pa- 
tients were managed in this manner; thus, the actual sav- 
ings were probably similar to these calculated savings. 


Computer Modeling 


The cost savings we demonstrated in the previous sec- 
tion obviously depended on the specific results with the 
FNA in our 100 patients. To study how applicable these 
results might be to other medical centers, we used a per- 
sonal computer to analyze the effect of varying certain 
parameters. Table 3 shows the effect of decreasing the 
sensitivity ‘of the test while keeping the specificity at 100%. 
Each line in the table represents the cost savings calculated 
exactly as they were in Table 2 but with a stepwise decrease 
in the number of true-positives and a corresponding in- 
crease in the false-negatives. For any sensitivity greater 
than 37%, the FNA biopsy saved more than the $75 that 
the test cost. Table 4 shows the effect of decreasing the 
specificity of the FNA biopsy while maintaining the sen- 
sitivity at 87%. For any specificity greater than 80%, the 
test saved more that the $75 that it cost. 

The cost savings was also dependent on the percentage 
of breast carcinoma in the population biopsied. A higher 
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TABLE 3. Effect of FNA Sensitivity on per Patient Savings 





Savings Savings 
over All over All 
TP Sensitivity Specificity Outpatient* Inpatient* 
26 86.6667 100 178.62 468.12 
25 83.3333 100 171.75 461.25 
24 80 100 164.88 454.38 
23 76.6667 100 158.01 447.51 
22 73.3333 100 151.14 440.64 
21 70 100 144.27 433.77 
20 66.6667 100 137.40 426.90 
19 63.3333 100 130.53 420.03 
18 60 100 123.66 413.16 
17 56.6667 ` 100 116.79 406.29 
16 53.3333 100 109.92 399.42 
15 50 100 103.05 392.55 
14 46.6667 100 96.1801 385.68 
13 43.3333 100 89.3101 378.81 
12 40 100 82.4399 371.94 
l1 36.6667 100 75.5699 365.07 
10 33.3333 100 68.70 358.20 
9 30 100 61.83 351.33 
8 26.6667 100 54.96 344.46 
7 23.3333 100 48.09 337.59 
6 20 100 41.22 330.72 
5 16.6667 100 34.35 323.85 
4 13.3333 100 27.48 316.98 
3 10 100 20.61 310.11 
2 6.66667 100 13.74 303.24 
I 3.33333 100 6.87 296.37 


* Cost of FNA biopsy ($75) not yet subtracted from savings. 


percentage of cancer would make inpatient biopsy rela- 
tively more cost effective, and a lower percentage of cancer 
would make outpatient biopsy more cost effective. Table 
5 shows the effect of lowering the percentage of cancer in 
the biopsy population while maintaining the sensitivity 
and specificity of the FNA biopsy at the level we obtained. 
As long as the biopsy population contained greater than 
13% cancer, the FNA saved more than the $75 cost of 
the test. 

The savings obtained with FNA biopsy also depended 
on the average cost of each approach used at our insti- 
tution. If outpatient excisional biopsy were less costly, the 
savings obtained with FNA would be diminished. Table 
6 shows the effect of reducing the cost of outpatient ex- 
cisional biopsy. If the cost of outpatient biopsy were less 
than $302, the savings obtained with FNA would be less 
than the $75 cost of the test, and the economic advantage 
of FNA would be lost. 


Discussion 


There have been several recent reports describing FNA 
biopsy of the breast.*!” The statistical results of some of 
these studies are shown in Table 7. The sensitivity and 
specificity in each have been recalculated, assuming that 
“suspicious” or “atypical” is positive and “unsatisfactory” 
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TABLE 4. Effect of FNA Specificity on per Patient Savings 
‘Savings Savings 
over All over All 
FP Sensitivity Specificity Outpatient* Inpatient* 
0 86.6667 100 178.62 468.12 
1 86.6667 98.5714 171.54 461.04 
2 86.6667 97.1429 164.46 453.96 
3 86.6667 95.7143 157.38 446.88 
4 86.6667 94.2857 150.30 439.80 
5 86.6667 92.8571 143.22 432.72 
6 86.6667 91.4286 136.14 425.64 
J 86.6667 90 129.06 418.56 
8 86.6667 88.5714 121.98 411.48 
9 86.6667 | 87.1429 114.90 404.40 
10 86.6667 85.7143 107.82 397.32 
11 86.6667 84.2857 100.74 390.24 
12 86.6667 82.8571 93.66 383.16 
13 86.6667 81.4286 86.58 376.08 
14 86.6667 80 79.50 369. 
15 86.6667 78.5714 72.42 361.92 
16 86.6667 77.1429 65.34 354.84 
17 86.6667 75.7143 58.26 347.76 
18 86.6667 74.2857 51.18 340.68 
19 86.6667 72.8571 44.10 333.60 
20 86.6667 71.4286 37.02 326.52 


* Cost of FNA biopsy ($75) not yet subtracted from savings. 


is negative. Thus, the figures may be somewhat different 
from those of the authors if they made calculations ex- 
cluding those categories. Our results with FNA biopsy are 


TABLE 5. Effect of % Cancer on per Patient Savings 


Savings Savings 
% over All over All 
Cancer Sensitivity Specificity Outpatient* Inpatient* 
30 86.6667 100 178.62 468.12 
29 86.2069 100 171.75 475.2 
28 85.7143 100 164.88 482.28 
27 85.1852 100 158.01 489.36 
26 84.6154 100 151.14 496.44 
25 84 100 144.27 $03.52 
24 83.3333 100 137.4 510.6 
23 82.6087 100 130.53 517.68 
22 86.3636 100 130.53 531.63 
21 85.7143 , 100 123.66 538.71 
20 85 100 116.79 $45.79 
19 84.2105 100 109.92 552.87 
18 83.3333 100 103.05 559.95 
17 82.3529 100 96.1801 567.03 
16 81.25 100 89.3099 574.11 
15 86.6667 100 89.3101 588.06 
14 85.7143 100 82.4401 595.14 
13 84.6154 100 75.5699 602.22 
12 83.3333 100 68.7001 609.3 
11 81.8182 100 61.83 616.38 
10 80 100 54.96 623.46 
9 77.7778 100 48.0901 630.54 
8 75 100 41.22 637.62 
7 85.7143 100 41.22 651.57 
6 83.3333 100 34.35 658.65 
5 80 100 27.48 665.73 


* Cost of FNA biopsy ($75) not yet subtracted from savings. 
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TABLE 6. Effect of Outpatient Cost on per Patient Savings 








Outpatient Savings over All Savings over All 
Cost Outpatient* Inpatient* 
702 178.62 468.12 
652 165.62 505.12 
602 152.62 542.12 
552 139.62 579.12 
502 126.62 616.12 
452 113.62 653.12 
402 100.62 690.12 
352 87.62 727.12 
302 74.62 764.12 
252 61.62 801.12 
202 48.62 838.12 
152 35.62 875.12 
102 22.62 912.12 
52 9.62 949.12 
2 -3.38 986.12 





* Cost of FNA biopsy ($75) not yet subtracted from savings. 


similar to these other recent reports. Although the accu- 
racy varies somewhat among the various series, all of them 
are in the range where the FNA would be economically 
favorable. 

Various authors differ in how they use the FNA results. 
Many authors!®!>141718 have emphasized that they feel 
perfectly safe performing a mastectomy based on a positive 
FNA result. However, others disagree and require a frozen 
section confirmation before definitive therapy.''!° We 
have performed mastectomy without frozen section con- 
firmation when a clinically malignant lesion shows un- 
equivocal cytologic evidence of carcinoma. However, in 
general, we prefer to perform a frozen section confirma- 
tion prior to definitive treatment for two reasons: (1) It 
provides added security that the diagnosis is correct. Al- 
though we have not had a false-positive result, there have 
been a few reported'':'®!’, and in today’s legal climate a 
single malpractice award because of a false-positive result 
could outweigh all the cost savings of FNA in the entire 
country. (2) There is some evidence that the hormone 
receptor analysis is more accurate on a biopsy specimen 
than on a devascularized mastectomy specimen.??4 Al- 


TABLE 7, Accuracy of FNA from Several Recent Series 








Author Year Ref. Sensitivity Specificity Accuracy 
Rimsten 1975 8 84% 99% 95% 
Kline 1979 9 89% 98%, 97% 
Gardecki 1980 10 87% 95% 90% 
Strawbridge 1981 l 70% 96% 87% 
Bell 1983 12 73% 98% 92% 
Abele 1983 13 95% 97% 96% 
Wanebo 1984 14 90% 95% 92% 
Norton 1984 15 84% 83% 84% 
Ulanow 1984 16 85% 87% 86% 
Frable 1984 17 89% 97% 94% 
Lannin 1985 87% 100% 96% 
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though we have no major quarrel with those who base 
definitive treatment on the FNA result, we feel that, if a 
surgeon does decide to get a frozen section confirmation, 
this in no way makes the FNA less valuable, and it does 
not make it a redundant, costly procedure. On the con- 
trary, our results show clearly that even if a frozen section 
is performed, the addition of FNA biopsy makes the work- 
up more cost effective. 

Ifan FNA biopsy is negative for malignancy, some sur- 
geons will follow a mass conservatively,®!!:!® whereas most 
recommend excisional biopsy.'?'!*+'5!7 Here again our 
study shows that even when an excisional biopsy is even- 
tually performed, a preceding FNA biopsy is not only 
helpful but cost effective. A negative FNA diagnosis in- 
dicates that there is very little chance that the lesion is 
malignant, and therefore outpatient biopsy under local 
anesthesia is the procedure of choice. In practice, we de- 
cide before doing the FNA whether the lesion is suspicious 
enough to warrant excisional biopsy; if so, we proceed to 
excisional biopsy even if the FNA is negative. On the 
other hand, if the lesion is not sufficiently worrisome to 
warrant excisional biopsy, we may occasionally still per- 
form FNA biopsy just to reassure the patient, the surgeon, 
or the referring physician that the lesion is insignificant. 
Although these biopsies are almost always benign, we have 
had one clinically unsuspected cancer diagnosed in this 
manner. 

The algorithm we recommend for work-up of a breast 
mass is diagrammed in Figure 1. For most breast masses, 
we feel that this represents the safest, most cost effective 
approach. However, there are some exceptions. For ex- 
ample, a woman less than 25 years of age with a clinically 
obvious fibroadenoma falls into a group where the chance 
of malignancy is extremely remote. If it is decided to re- 
move the fibroadenoma, there is no reason to do an FNA 
biopsy, since it would be easiest and most cost effective 
to simply remove the lesion under local anesthesia on an 
outpatient basis. 

Frable has previously done a cost analysis of FNA bi- 
opsy of the breast and concluded that it is cost effective.” 
We agree with his conclusions but differ somewhat in the 
details of the analysis. In his study, the major saving in 
patients with malignancy was due to lack of need for a 
frozen section, and the cost of FNA was not subtracted 
from these savings. In patients without malignancy, the 
major saving was in patients who were found to have 
cysts and thus did not require biopsy. This is certainly a 
very valid savings, but we feel that aspiration of a cyst is, 
or should be, standard treatment everywhere even if FNA 
cytology is not performed. We have recalculated the cost 
analysis data from Frable’s series of FNA biopsies, using 
our decision tree type of analysis, and have found even a 
greater savings than he reported. 
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Follow ollnically 


a — 1 Stage Procedure as inpatient 


with frozen section confirmation 


> Maas worthy of 


4 


excisional biopsy? 


Exolsional Blopsy under focal 
anesthesia as outpatient 


Teg 1 Stage Procedure as inpatient 


with frozen section confirmation 


Fic. 1. Decision tree for work-up of a breast mass. 


Cost savings is not the only, or even the major, reason 
to use FNA biopsy of the breast. The technique is simple, 
safe, accurate, and usually allows the diagnosis to be given 
at the first office visit. When malignancy is diagnosed, it 
greatly facilitates discussion of treatment alternatives with 
the patient before any operative procedure is performed. 
If the patient is a candidate for tylectomy, axillary dis- 
section, and radiation therapy, the incisions can then be 
planned in the most expeditious and cosmetic manner. 
Our major conclusion from this study is simply that FNA 
biopsy does not need to replace excisional or frozen section 
biopsy to be cost effective. Perhaps the main reason that 
FNA biopsy of the breast has not become more widely 
utilized is the concern over whether it is accurate enough 
to replace excisional biopsy. Abele, for example, has rec- 
ommended a graduated, three-phase program to safely 
implement FNA biopsy in centers where it has not been 
used.!3 If, instead, surgeons simply plan to confirm the 
FNA result with excisional or frozen section biopsy, there 
is no liability from a false result, and the tremendous ben- 
efits of FNA biopsy could be more quickly utilized in a 
larger number of medical centers. 
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DISCUSSION 


Dr. J. SHELTON Hors.ey (Richmond, Virginia): I have enjoyed this 
paper by Dr. Pories. I think it is a real contribution to show that this 
technique is, in fact, cost effective. 

_We have had a great deal of interest at the Medical College of Virginia 
where Jack Frable, who is the Chairman of our Division of Surgical 
Pathology, has been one of the great proponents of this technique. We 
have done this in some 1300 patients with breast lumps. We have had 
approximately 400 positive findings of cancer. 


I had the opportunity to review the manuscript, and the authors talked 
about several patients who had a negative biopsy, and in fact, they were 
willing to follow-on that basis without excising the lesion. We have worried 
about that particular type of lesion, and I would like to show you our 
algorithm for handling this problem. 

(Slide) Any mass worthy of an excisional biopsy in our institution 
usually undergoes a fine needle biopsy. If we think it is a cyst, we aspirate 
it ourselves. If it is a cyst and disappears, we do have the fluid examined 
cytologically. If that is negative, which invariably it is, we recommend 
a periodic follow-up. If it is a cyst, but there is a residual mass, we go 
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ahead with an excision of the mass. Here is the area that I think we need 
to be concerned about. If it is a solid mass and benign on fine needle 
aspiration biopsy, we strongly advocate complete excision of that par- 
ticular mass to give to the pathologist for microscopic examination to 
be absolutely sure of the underlying nature of the lesion. 

I will ask Dr. Pories, what criteria do you use in deciding whether a 
mass on fine needle aspiration that is reported as benign should be fol- 
lowed rather than totally excised? 


Dr. HAROLD J. WANEBO (Charlottesville, Virginia): I think this has 
been another presentation that emphasizes the use of a technique that, 
I think, is now ready for the open market. 

Fine needle aspiration cytology is now used in most institutions in 
the country and is available in most hospitals. I think this presentation 
confirms that it is not only an efficient and elegant technique, but it is 
cost effective. 

I certainly can not go through all of the ins and outs of this cost 
analysis. In fact, I was going to ask Dr. Pories if he could review my tax 
file from last year, as he is certainly adept with the numbers. I would 
just accept his conclusions about the cost effectiveness and emphasize a 
couple of other points. 

First of all, in their review of one hundred cases, they had 23 fine 
needle aspirations that were positive for cancer, but none of these were 
false-positives. This of course emphasizes the quality of their cytopath- 
ology and reinforces the confidence that many of us have with this tech- 
nique. 

With an aspiration cytology that is positive, it is the practice of Dr. 
Pories and colleagues to proceed directly to a biopsy on an inpatient 
basis and to follow that then with the primary procedure. In our own 
institution, we would go ahead with the primary operation, which in 
most cases is still a mastectomy. Of course, it is less of a problem if one 
is going to do a local excision and axillary dissection as the primary 
treatment. 

I think the fact that they had no false-positives should be emphasized, 
because this is one of the major concerns about this technique, if you 
use it as a directive for primary treatment. 

They have taken the safer approach (as do many surgeons) to go ahead 
and do an open biopsy first, albeit in the operating room, and then to 
follow with the primary procedure. 

I think they mentioned that two of their 65 biopsies were actually 
false-negative. As Dr. Horsley pointed out, we would all be concerned 
about the negative aspiration. 

As a rule, we always try to obtain an open biopsy on these patients, 
because I think that if you do miss one of these, then you would be liable 
in more ways than one. 

I would like to conclude by asking Dr. Pories if they have some selection 
process in their following of that group of patients. Thus, among the 
patients with negative fine needle aspiration cytologies. were some of 
these patients with “thickening” of the breast only, or were some of these 
patients with actual palpable masses? Is there a patient group that they 
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would be willing to follow if the fine needle biopsy was negative? This 
point needs clarification. 


Dr. DONALD LANNIN (Closing discussion): I would like to thank both 
Dr. Horsley and Dr. Wanebo for their kind comments. I think we agree 
with both of them, really, in the main points they have made. 

I would just like to clarify the situation as far as following a patient 
with a negative fine needle biopsy. The hundred patients on whom we 
did this analysis are all patients on whom we did an excision of the tumor 
one way or another, either with a frozen section or with the excisional 
biopsy as an outpatient. During the same time, there were a handful of 
patients on whom we elected to do a fine needle biopsy and then follow 
them conservatively. If you start with the premise that there is a mass 
in the breast, I think that you need to excise the mass at some point. 
However one of the most difficult things at times is to decide: Is there 
really a mass in the breast, or is this just a normal thickening or normal 
anatomy of this woman’s breast? 

I think a safe approach is to make as your first decision the choice of 
whether the mass requires an excisional biopsy or not. We all see women 
who come in with breast complaints, and we decide clinically that there 
is not a mass that is worthy of biopsy. Yet there may still be a slight 
nagging doubt on the part of the referring physician, the patient herself, 
or occasionally the surgeon. It is in these women that we occasionally 
do a fine needle biopsy for reassurance, and, if it is negative, follow the 
patient conservatively. I would not advocate following a definite mass 
in the breast even if the fine needle aspiration is negative. If we decide 
that it is a mass worthy of excision, then the reason to do the fine needle 
biopsy is to determine whether we do this as a one-stage procedure as 
an inpatient or as an excisional biopsy as an outpatient. In addition, of 
course, if the mass is a cyst that contains nonbloody fluid and completely 
disappears, then we do not proceed with any further treatment. 

We have no quarrel at all with Dr. Wanebo’s policy of doing a mas- 
tectomy based on the fine needle biopsy. If clinically we feel confident 
that a mass is a cancer and the pathologist says definitely that it is a 
cancer, we also feel confident in proceeding with definitive therapy based 
on this. Of course, if we do, the cost savings is even greater than what 
we have shown. During the first year or two that we employed this tech- 
nique, we wanted to be as safe as possible, and for that reason we defined 
this policy where we usually confirm the fine needle result with an excision 
of one type or another. The only drawback I could see to doing this 
would be the potential of increased cost; thus, the fact that we found 
that this actually saved us money can be an impetus to allow this tech- 
nique to be used more widely in hospitals where it has not been used 
so far. 

In closing, I would like to emphasize again the point that Dr. Pories 
alluded to, that one of the real benefits we had not anticipated is the 
markedly improved teaching that has resulted from fine needle aspiration 
biopsy. When the pathologist comes over to our clinic, he always lets all 
of the medical students and residents look at the slides, and we discuss 
not only this particular case but a variety of topics. This improved com- 
munications has markedly improved our teaching. 
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ZANTAC DOES NOT AFFECT BLOOD LEVELS 
OF OTHER MEDICATIONS METABOLIZED BY 
THE HEPATIC CYTOCHROME F-450 SYSTEM, 
SUCH AS DIAZEFAM.! . : 


o The bioavailability of certain medications whose absorp- 
tion is dependent on a low gastric pH may be altered when 
ZANTAC, cimetidine and other medications which decrease 
gastric acidity are administered. 


RAPID, PROLONGED INCREASE IN 
“GASTRIC pH _ 


In six fasting duodenal ulcer patients, ZANTAC 50 mg IV 


kept Sagtrie pH at high levels when administered every 8 
hours, *2 


DOSAGE: 50 mg qé-8h 





¥It is not known exactly how much inhibition of gastric 


Glaxo 


acid secretion is required to heal ulcers. 


See ADVERSE REACTIONS section of Frescribing Information 
for side effects that have been reported. 


Flease see next page for brief summary of Prescribing 
“Information, including IV solution compatibility data. 
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ZANTAC” INJECTION (ranitidine hydrochloride) 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: ZANTAC* Injection is indicated 

in some hospitalized patients with pathological hypersecretory conditions or intractabie 
duodenal ulcers, or as an alternative to the oral dosage form for short-term use in patients 
who are unable to take oral medication. 

CONTRAINDICATIONS: ZANTAC* is contraindicated for patients known to have hyper- 
sensitivity to the drug. 

PRECAUTIONS: General: 

1. Symptomatic response to ZANTAC® therapy does not preclude the presence of gastric 
malignancy, 

2. Since ZANTAC is excreted primarily by the kidney, dosage should be adjusted in 
patients with impaired renal function (see DOSAGE AND ADMINISTRATION). Caution 
should be observed in patients with hepatic dysfunction since ZANTAC is metabolized in 
the liver. 

3. in controlled studies in normal volunteers, elevations in SGPT have been observed 
when Hz antagonists have been administered intravenously at greater than recommended 
doses for 5 days or tonger. Therefore, it seems prudent in patients receiving IV ranitidine 
at doses greater than or equal to 100 mg qid for periods of 5 days or longer, to monitor 
SGPT daily (from day 5) for the remainder of iV therapy. 

Laboratory Tests: False positive tests for urine protein with Multistix® may occur during 
ZANTAC therapy, and therefore testing with sulfosalicylic acid is recommended. 

Drug Interactions: Aithough ZANTAC has been reported to bind weakly to cytochrome P- 
450 in vitro, recommended doses of the drug do not inhibit the action of the cytochrome 
P-450-linked oxygenase enzymes in the liver. However, there have been isolated reports 
of drug interactions which suggest that ZANTAC may affect the bioavailability of certain 
drugs by some mechanism as yet unidentified (eg, a pH-dependent effect on absorption 
or a change in volume of distribution). 

Carcinogenesis, Mutagenesis, impairment of Fertility: There is no indication of tumori- 
genic or carcinogenic effects in lifespan studies in mice and rats at oral doses up to 2000 
me/ke/day. 

Ranitidine was not mutagenic in standard bacterial tests (Sa/monella, E coli) for 
mutagenicity at concentrations up to the maximum recommended for these assays. 

In a dominant lethal assay a single oral dose of 1000 mg/kg to male rats was without 
effect on the outcome of 2 matings per week for the next 9 weeks. 

Usage in Pregnancy: Pregnancy Category B: Reproduction studies have been performed 
in rats and rabbits at oral doses up to 160 times the human oral dose and have revealed 
no evidence of impaired fertility or harm to the fetus due to ZANTAC. There are, however, 
no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers: ZANTAC is secreted in human milk. Caution should be exercised when 
ZANTAC is administered to a nursing mother. 

Pediatric Use: Safety and effectiveness in children have not been established. 

Use in Efderly Patients: Ulcer healing rates in elderly patients (65-82 years) treated with 
oral ZANTAC were no different from those in younger age groups. The incidence rates for 
adverse events and laboratory abnormalities were also not different from those seen in 
other age groups. 

ADVERSE REACTIONS: Transient pain at the site of intramuscular injections has been 
reported. Transient local burning or itching has been reported with intravenous adminis- 
tration of ZANTAC®. 

The following have been reported as events in clinical triais or in the routine manage- 
ment of patients treated with oral ZANTAC. The relationship to ZANTAC therapy has been 
unclear in many cases. Headache, sometimes severe, seems to be related to ZANTAC 
administration. 

Central Nervous System: Rarely, malaise, dizziness, somnolence. insomnia and vertigo. 
Rare cases of reversible mental confusion, agitation, depression and hallucinations have 
been reported, predominantly in severely ill elderly patients. 


©1986, Glaxo inc. ZAIG66 


Cardiovascular: Rare reports of tachycardia, bradycardia, premature ventricular beats. 
Gastrointestinal; Constipation, diarrhea, nausea/vomiting, abdominal discomfort/pain 
Hepatic: In normal volunteers, SGPT values were increased to at ieast twice the pre- 
treatment levels in 6 of 12 subjects receiving 100 mg qid IV for 7 days, and in 4 of 24 
subjects receiving 50 mg qid for 5 days. With oral administration there have been 
occasional reports of reversible hepatitis, hepatocellular or hepatocanalicular or mixed, 
with or without jaundice. 

Musculoskeletal: Rare reports of arthralgias 

Hematologic: Rare reports of reversibie leukopenia, granulocytopenia, thrombocytopenia 
and pancytopenia. 

Endocrine: Controtied studies in animals and man have shown no stimulation of any 
pituitary hormone by ZANTAC (ranitidine hydrochloride), no anti- androgenic activity, and 
cimetidine-induced gynecomastia and impotence in hypersecretory patients have 
resolved when ZANTAC was substituted. However, occasional cases of gynecomastia, 
impotence and loss of libido have been reported in male patients receiving ZANTAC, but 
the incidence did not differ from that in the general population. 

integumental: Rash and, rarely, alopecia. 

Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosino- 
philia}, smal! increases in serum creatinine. 

OVERDOSAGE: There is no experience to date with deliberate overdosage. Clinical moni- 
toring and supportive therapy should be employed. 

Studies in dogs receiving doses of ZANTAC® in excess of 225 mg/kg/day have shown 

muscular tremors, vomiting, and rapid respiration, Single oral doses of 1000 mg/kg in 
mice and rats were not lethal. Intravenous LDso values in rat and mouse were 83 mek 
and 77 mg/kg, respectively. 
DOSAGE AND ADMINISTRATION: Parenteral Administration: in some hospitalized 
patients with pathological hypersecretory conditions or intractable duodenal ulcers, or in 
patients who are unabie to take oral medication, ZANTAC® may be administered paren- 
terally according to the following recommendations 

Intramuscular Injection: 50 mg (2 mi) every 6-8 hours. (No dilution necessary.) 

intravenous injection: 50 mg (2 ml) every 6-8 hours. Dilute ZANTAC Injection, 50 mg, 
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Conservative Treatment for Breast Cancer 


Complications Requiring Reconstructive Surgery 





JOHN BOSTWICK III, M.D. CHRISTIAN PALETTA, M.D. 


Women who select conservative treatment for carcinoma of the 
breast (tumor excision followed by supervoltage radiation ther- 
apy) place a premium on breast preservation and aesthetics. 
When local control fails and they require a mastectomy, or when 
the aesthetic appearance is unacceptable, they may request breast 
reconstruction. The goal of this study is to evaluate a series of 
10 patients who required reconstructive breast after 
complications of conservative treatment. Patient classification: 
I. Breast or chest wall necrosis (3). II. Breast fibrosis and gross 
asymmetry (3). IU. Local recurrence of breast cancer (5). FV. 
Positive margins after the initial lumpectomy (1). The mean age 
was 34 years. Radiation dosage average was 5252 rads with two 
patients receiving iridium-192 implant boosts. The reconstructive 
management was complex and usually required a major mus- 
culocutaneous flap because of the radiation effects. 


treatment of their breast cancer without the per- 
_ manent loss of the breast. They do not want to accept 
the accompanying sense of deformity and mutilation and 
the consequences to their self-image that follow a mas- 
tectomy.! There has been a trend during the past decade 
to less extensive surgery for the local control of breast 
cancer, with modified radical mastectomy becoming the 
most common form of local treatment.”? 

With the encouragement from their patients to mini- 
mize the deformity, physicians treating women with breast 
cancer have developed treatment protocols that include 
conservative surgery and radiation therapy with breast 
preservation or modified radical mastectomy with breast 
reconstruction. Although long-term controlled studies are 
not available, it appears that the survival and incidence 
of distant spread are similar when lumpectomy-radiation 
patients are compared with patients who have had a mas- 


[ene NUMBERS of women now expect to have 
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tectomy. With excision of the tumor and supervoltage 
radiation therapy, the local control rate may approach 
that of surgical therapy.+” While most patients treated 
with the lumpectomy-radiation method are reported to 
have good to excellent results, about 15-25% of patients 
have less than acceptable results.®? The appearance of the 
breast seems to become less attractive with time after 
lumpectomy-radiation. The articles on conservative 
treatment of breast cancer have not addressed the outcome 
of women who have an unacceptable result or required a 
mastectomy. l 

Breast reconstruction techniques have advanced sig- 
nificantly during the past decade.!™!? These techniques 
are now used for both immediate’? and delayed breast 
reconstruction following mastectomy. These techniques 
have also been used for reconstruction after complications 
of radiation to the chest wall’ as well as after conservative 
treatment of breast cancer.!> We report a series of 10 
women with complications of conservative treatment. 


. Methods 


Between 1983 and 1985, 10 patients have been treated 
on the Plastic Surgery Services of the Emory University 
Affiliated Hospitals and the St. Joseph’s Hospital, Atlanta, 
Georgia, with complications following the conservative 
treatment of breast cancer. All 10 patients initially had 
been treated by a surgeon and radiation therapist. After 
the diagnosis of breast cancer had been made, each patient 
was given a choice between a modified radical mastectomy 
or conservative surgery (i.e., lumpectomy and radiation). 
All patients initially refused mastectomy and chose a 
breast preservation therapy because of the fear of the 
mastectomy and their high aesthetic concerns. Three of © 
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TABLE 1. Tumor Stage and Pathology 
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Patient Age Stage Pathology Axillary Nodes 

l 25 I (T,NoMo) Adenoidcystic carcinoma 0/32 negative nodes 
2 32 I(T, NoMo) Infiltrating ductal carcinoma 0/20 negative nodes 
3 37 1(T,NgMo) infiltrating ductal carcinoma 0/17 negative nodes 
4 31 I(T NoMo) Intraductal papillary carcinoma * 
5 26 1(T,NoMo) Infiltrating ductal carcinoma 0/5 negative nodes 
6 43 TE(T,N,Mp) Infiltrating ductal carcinoma 4/11 positive nodes 
7 30 1(T;NeMo) Infiltrating ductal carcinoma * 
8 55 IH (TN; Mo) Infiltrating ductal carcinoma * 
9 44 LT: NoMo) Lobular carcinoma-in-situ * 

10 60 TE (T2N,Mo) Infiltrating ductal carcinoma 5/9 positive nodes 





* Axillary sampling or dissection not performed as part of lumpectomy during initial surgery. 


the 10 patients previously had undergone augmentation 
mammoplasty to enhance the appearance and size of their 
breasts. 

Nine of the 10 patients required a mastectomy after 
their initial conservative treatment. All nine patients either 
requested breast reconstruction because of their mastec- 
tomy defect (seven patients) or required breast recon- 
struction for local wound management (two patients). 

Eight of the 10 patients were less than 45 years old 
when their breast cancer was detected. Seven patients pre- 
sented with stage I disease, two with stage II disease, and 


one patient with stage III disease. Axillary sampling or 
dissection was performed as part of the initial procedure 
in six patients. The nodal status of the remaining four 
patients was determined after they had undergone a mas- 
tectomy. The pathologic diagnosis for each patient is 
shown in Table 1. Nine patients had a lumpectomy as 
their initial surgical therapy. Patient #9 had radiation 
therapy after lobular carcinoma-in-situ was diagnosed by 
a mirror image biopsy done at the time of a modified 
radical mastectomy on the opposite breast. The radiation 
dose of each patient is shown in Table 2. Two patients 


TABLE 2. Complications Requiring Breast Reconstruction 





Interval Between 


Radiation Type Initial Treatment 
Patient Initial Treatment (# rads) Complication Reconstruction and Complication 
1 Lumpectomy, axillary 5000 r Recurrence Bilateral TRAM* 4 years 
dissection, radiation 
2 Lumpectomy, axillary 5600 r with Recurrence, breast Submuscular implant 3 years 
dissection, radiation 1200 r boost fibrosis and gross 
asymmetry 
3 Lumpectomy, axillary 5000 r Recurrence Latissimus dorsi flap 1 year 
dissection, radiation 
4 Lumpectomy, 6400 r Recurrence Unilateral TRAM 4 years 
radiation 
5 Lumpectomy, axillary 4500 r plus Recurrence Unilateral TRAM 3 years 
sampling, radiation iridium-192 
implants 
(2036 r} 
6 Lumpectomy, axillary 6000 r Positive margins and Unilateral TRAM 2 months 
sampling, radiation pericular invasion 
found from 
lumpectomy 
specimen 
7 Lumpectomy, 5300 r Radiation ulcer, breast Bilateral TRAM 1% years 
radiation necrosis 
8 Lumpectomy, 5300 r plus Radiation ulcer, breast Unilateral vertical 4 years 
radiation iridium-192 necrosis, breast rectus musculo- 
implants fibrosis and gross cutaneous flap 
(5560 r} asymmetry 
9 Biopsy, radiation 5000 r Breast fibrosis Unilateral TRAM 3 years 
10 Lumpectomy, axillary 4400 r Radiation ulcer, breast Bilateral TRAM 6 months 


sampling, radiation 


necrosis, severe 
brachial plexus 
neuritis 





* TRAM = transverse rectus abdominis musculocutaneous flap (uni- 
lateral TRAM refers to the use of one rectus muscle to carry the abdominal 





skin island; bilateral TRAM refers to the use of both rectus muscles to 
carry the skin island). 


N 
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Fics. 1A and B. A 39-year-old woman who had augmentation mammoplasty in 1973 (Patient #4). She developed cancer of her right breast and was 
treated with a lumpectomy and radiation in 1978. Because of recurrent disease, she had a modified radical mastectomy in 1982 (A). Her breast 
reconstruction consisted of a right ipsilateral TRAM coupled with a left subcutaneous mastectomy and left ipsilateral TRAM (B). 


received iridium-192 implant boosts to the area of the 
tumor. 


Illustrative Case Reports 


Case #4 (Fig. 1) 


Patient #4, a 39-year-old woman, had lumpectomy and radiation in 
1978 for intracuctal papillary carcinoma of the right breast. She had an 
augmentation mammoplasty in 1973. In 1982, several nodules were found 
in the right breast. Mammography showed calcifications, and biopsy 
revealed recurrent breast cancer. There was no evidence of metastatic 
breast cancer. She had a modified radical mastectomy. She requested 
breast reconstruction and a unilateral transverse rectus abdominis mus- 
culocutaneous (TRAM) flap breast reconstruction was done in 1983. 
The breast reconstruction was completed in 1985 with a left mastopexy 
and a right nipple-areolar reconstruction. 


Case #8 (Fig. 2) 


Patient #8, a 59-year-old woman, presented in 1980 with a left breast 
mass measuring |! by il cm. A needle biopsy revealed infiltrating breast 
cancer. There was no evidence of metastatic breast cancer. She refused 


a mastectomy and had excision of the breast mass. The deep margin 
was involved with tumor. She had 5300 rads of external beam radiation 
followed by iridium-192 ribbon implantation. During the course of her 
initial therapy, she was discovered to be diabetic. Four years after the 
lumpectomy-radiation, she presented with a large area of necrosis in the 
inframammary area. Her entire breast was fibrotic and painful. She had 
a mastectomy and chest wall reconstruction with a vertical rectus ab- 
dominis musculocutaneous flap. 


Results 
Breast or Chest Wall Radionecrosis (Figs. 2 and 3) 


Three patients developed breast and/or chest wall ne- 
crosis with ulceration following the breast radiation. The 
time interval between radiation and the ulceration was 
variable. Patients #7 and #8 developed ulceration 1.5 years 
and 4 years after the radiation, respectively. Patient #10 
developed ulceration and chest wall necrosis 2 months 
after the radiation. 

The defects caused by such complications are usually 
large. In two patients, a bilateral transverse rectus abdom- 
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inis musculocutaneous flap was required to accomplish 
both closure of the chest wall defect and provide adequate 
tissue for breast reconstruction at the same time. In the 
third patient (Fig. 2), the circulation to the TRAM flap 
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Fics. 2A-C. A 59-year-old woman who had a lumpectomy and radiation 
in 1980 for stage HI breast cancer (Patient #8). Four years later she 
presented with severe breast fibrosis and necrosis (4). After mastectomy, 
she was reconstructed with a contralateral vertical rectus musculocuta- 
neous flap (B and C). 


was felt to be marginal because of her diabetes and large 
abdominal panniculus. A more reliable vertical design of 
the rectus abdominis musculocutaneous flap was selected 
for her reconstruction. 
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Breast Fibrosis and Gross Asymmetry 


There were three patients who developed breast fibrosis 
and asymmetry after the initial lumpectomy-radiation 
therapy. Two of these patients (#2 and #9) requested breast 
reconstruction because of the resulting deformity (Fig. 4). 
Pain was a significant component of their decision to have 
a mastectomy. They also feared the continued presence 
of the breast cancer because of the breast nodularity and 
firmness. A third patient, (#8), required breast recon- 
struction because she also had an area of ulceration. The 
interval between initial treatment and breast reconstruc- 
tion was over 3 years in each of these cases. 

As with group I, these patients usually have a large 
defect following the mastectomy in the radiated field. Be- 
cause of the previous radiation and resultant fibrosis in 
both the adjacent skin and the underlying muscle and 
chest wall, a large flap is required for closure of the defect. 
Patient #2 continued to refuse mastectomy. As a result, 
breast reconstruction was accomplished with a submus- 
cular silicone breast implant. As expected, her aesthetic 
result was poor. A musculocutaneous flap would have 
been necessary to obtain the optimal aesthetic result. 


Local Recurrence of Breast Cancer 


Five of the patients developed recurrence of their breast 
cancer. The interval between lumpectomy-radiation and 
recurrence of the local disease is shown in Table 2. In all 
but one patient, local recurrence developed over 3 years 
following the initial treatment. Four of the patients had 
a mastectomy as the treatment of their recurrent disease. 
In these four patients, breast reconstruction was requested 
soon after the mastectomy. Three of the patients had 
breast reconstruction using a TRAM flap (Figs. 5 and 6). 
The fourth patient was reconstructed using a latissimus 
dorsi musculocutaneous flap and a silicone breast implant 
(Fig. 7). 

Although the follow-up time is short, there have been 
no deaths. All of the musculocutaneous flaps survived 
without necrosis. Radiation to the breast does not seem 
to affect the vascularity of the TRAM flap within the first 
5 years after the radiation. One patient developed an 
atypical mycobacterium infection around a reconstructive 
silicone breast implant. The aesthetic results of breast re- 
construction for these patients was not as attractive as 
breast reconstruction done after modified radical mastec- 
tomy without radiation. Probably because of the high ini- 
tial expectations of the patients (i.e., breast preservation 
without scarring), these patients did not have as high a 
level of satisfaction as the patients who had modified rad- 
ical mastectomy and delayed breast reconstruction. 
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Fic. 3. This 60-year-old woman had a lumpectomy followed by radiation 
in 1984 (Patient #10), A total of 4400 rads in 22 treatment fractions was 
used. One month after radiation she developed chest wall necrosis and 
a severe brachial plexopathy. Movement of her left shoulder caused ex- 
cruciating pain. Her left arm was flaccid and anesthetic from the elbow 
to the fingers. She had excision of the chest wall ulcer along with a left 
mastectomy. The left breast and chest wall were reconstructed with a 
bilateral TRAM flap. 


Discussion 


Primary radiation therapy after excision of the primary 
breast tumor and conservative axillary dissection is being 
used increasingly for the local treatment of early stage 
breast carcinoma. This approach is very appealing to pa- 
tients because of the possibility of breast salvage and 
avoidance of mastectomy. Women who select this alter- 
native treatment for their breast cancer place a high prior- 
ity on their appearance and want to avoid the psychologic 
and emotional sequelae of their mastectomy deformity. 
When a less than satisfactory result develops, or failure 
of local control requires a mastectomy in the radiated 
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Fics. 4A and B. A 36-year-old woman who had a lumpectomy, axillary dissection, and radiation in 1981 (Patient #2). She was 2 months postpartum. 
She received 5600 rads to the breast with a 1200 rad boost to the area of the biopsy. She developed left breast fibrosis and gross asymmetry (A). She 
refused mastectomy and major flap reconstruction. Reconstruction was performed using a left submuscular implant and a night mastopexy with 


implant augmentation for symmetry (B). 


field, the resultant situation is a source of considerable 
distress to these patients. 

Breast reconstruction has developed because of requests 
from patients to have a breast after the standard treatment 
of breast cancer (i.e., total mastectomy and axillary dis- 
section). Techniques of breast reconstruction have been 
developed to reconstruct the breast immediately at the 
time of the mastectomy or later after the mastectom y and 
any adjunctive therapy. Breast reconstruction evolved 
during the period in which there was a high percentage 
of radical mastectomy defects. There are now techniques 
for reconstruction of most mastectomy defects. These 
techniques range from the insertion of a silicone breast 
implant to the use of autogenous tissue for the breast re- 
construction, transferred to the chest wall either on a 
musculovascular pedicle or by microvascular transfer. 

Reconstructive techniques have also been developed 


for the management of patients who developed compli- 
cations of radiation therapy after adjunctive or therapeutic 
management. These are usually major sequelae!” such as 
osteoradionecrosis of the chest wall, chest wall ulceration, 
induction of second primary carcinomas, and complica- 
tions from the reduced blood supply in the area of the 
radiation therapy.'* Reconstructive techniques for these 
problems usually require the excision of the damaged tis- 
sue and reconstruction with large flaps bringing in their 
own blood supply. 

The actual cosmetic assessment of women who have 
had primary radiation therapy for the management of 
breast cancer is that, in general, the results are satisfactory, 
but they decline over time. Problems that are reported to 
contribute to unsatisfactory results include telangiectasis, 
retraction, and fibrosis with asymmetries and breast and 
arm edema. Patients who require a subsequent mastec- 
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Fics. 5A-C. A 31-year-old who had a lumpectomy, axillary sampling, 
and radiation in 1981 (Patient #5). In 1984, she developed a recurrence 
in her left breast (4). She underwent a left modified radical mastectomy 
in 1984 for her recurrent disease (B). She was reconstructed with a uni- 
lateral TRAM and right implant augmentation for symmetry (C). 
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FIG. 6. The transverse rectus abdominis musculocutaneous flap (TRAM) is a large elliptical lower abdominal island of skin and subcutaneous tissue. 
Its blood supply is derived from periumbilical perforators based on the superior epigastric artery (efi). The TRAM flap can be used for either chest 
wall or breast reconstruction. The flap is rotated superiorly on its rectus abdominis muscle pedicle (right). These drawings illustrate a unilateral 
TRAM. If additional lower abdominal tissue is required, a bilateral TRAM can be used. (Printed with permission from World Journal of Surgery.) 


tomy are usually excluded from the assessment of the 
cosmetic results. These series that assess the cosmetic re- 
sults do not mention the treatment or outcome of the 
patients with the unsatisfactory results or who subse- 
quently require a mastectomy in the radiated field. It is 
this group of patients who have selected themselves for 
consultation and management by the breast reconstructive 
surgeon and who comprise this series. 

In addition to the parameters usually mentioned in the 
assessment of the results of primary breast radiation, we 
are seeing with increasing frequency patients who request 
breast reconstruction as a result of mastectomy done be- 
cause of persistent pain or fear of persistent or recurrent 
breast cancer.'* Local recurrence of the breast cancer as 
well as radiation sequelae of the radiation that can cause 
actual breast necrosis also leads to subsequent mastec- 
tomies. Failure to use radiation therapy after the conser- 
vative surgery leads to a high local recurrence rate.'? These 
women are particularly distressed because it was their high 
level of aesthetic concern that contributed to their decision 
for breast-sparing treatment, and the subsequent compli- 


cations and deformity are a particularly severe problem 
for them. Their expectations were high for a good result, 
and they usually report a high level of dissatisfaction with 
the complication that led to the need for the breast re- 
construction. 

We conclude that complications following conservative 
treatment of breast reconstruction present a difficult 
management problem both from the psychologic as well 
as the oncologic and aesthetic aspects. The mastectomy 
deformities and the problems of breast reconstruction in 
an irradiated field require techniques that bring a large 
volume of autogenous tissue to the area. This tissue can 
be fashioned into a breast that is symmetrical with the 
opposite side. The simpler techniques of breast recon- 
struction that rely on the expansion and stretching of the 
remaining tissues after the mastectomy have not been sat- 
isfactory. The use of well-vascularized autogenous tissue 
is particularly advantageous because these are often young 
women and the quality of the result tends to improve 
with time rather than to deteriorate as seen with radiation 
therapy. 
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Fic. 7. The latissimus dorsi muscle and an overlying skin paddle can be 
rotated to the anterior chest wall. This provides both additional skin and 
muscle coverage for an implant for use in breast reconstruction. 
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DISCUSSION 


Dr. ALFRED SCHUTT KETCHAM (Miami, Florida): We from Miami 
have been privileged to have our Chairman of Surgery as President of 
this Society for the past year, and we thank you for sharing him with us 
during this year. 

I have had the pleasure of reviewing this and the previous paper of 
Dr. Letton’s, and, at the prerogative of Dr. Zeppa, I would like to take 
this opportunity to comment on both papers. Dr. Letton mentions the 
Philip Strax Breast Screening unit in Fort Lauderdale, a replica of what 
he has been doing in New York City for 20 years. The patient is inter- 
viewed, mammographed, and physician screened for a visit costing a 
total of $35. He has performed over 20,000 of these examinations over 


the past 4 years here in the South Florida area. This is in contrast to the 
readily available mammograms in South Florida at $130-$160 per ex- 
amination, and this without physician screening. This area of the country 
is no exception, for, as Dr. Letton pointed out, nationwide mammo- 
graphic costs have escalated as its popularity and acceptance have in- 
creased. We as a health concerned nation and we as influential citizens 
in our communities should be aghast at the fact that less than 20% of 
the women eligible for indicated mammography have even had their 
first examination. Our third-party payers will not pay for it if it is a 
screening examination, and the average 40 to 50 year old woman says 
she cannot afford this costly burden of early recognition; thus, we turn 
to the radzologist and plead to him to lessen the cost. What happens to 
this request? Now the $100 mammogram is reported to us as abnormal 
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and needs to be repeated in 3-6 months. Better definition as to the 
present nonsuspicious but abnormal findings would be delineated with 
ultrasound. Of course, ultrasound is another radiographically controlled 
procedure and costly. So let’s see why our women are spending their 
money on their grandchildren’s education instead of on this, a preventive 
measure against a number one killer. Surgeon’s fee of $55, office ad- 
ministrative fee $20, mammograph $80, radiologist’s interpretation $60, 
ultrasound $75, interpretation $50, diaphanography $50, and now, to 
settle the question, needle aspiration $55 for the physician’s fee and $98 
for cytology fee. This totals $543 and, to top it off, she is then told to 
return in 3 months for a reassuring second examination. 

We have a safe, readily available and very reliable aid to the early 
recognition of breast cancer, and 53 million eligible American women 
have not availed themselves of it. Something is wrong with our priorities, 
and it is time that we as physicians put the pressure on our brethren and 
our local, state, and national health agencies for economically feasible 
utilization of mammography. 

Now, to the second paper, which is reviewed with great interest and 
arouses equal anxiety on my part for reasons I will try briefly to explain. 

Less than conventional breast surgery has entered into our therapeutic 
armamentarium for breast cancer and will increasingly do so, for more 
and more women are becoming aware that there is apparently a viable 
alternative to conventional breast surgery. The intervention of govern- 
ment into patient care has not stopped at DRGs establishing surgical 
costs, freezing charges, and regulating inpatient-outpatient care. It now 
extends to legislative action in several states, requiring by law that all 
women with breast cancer be made aware in writing and by physician 
discussion as to the options in treatment of their cancer. In our Florida 
state capital at the legislative warehouse there is presently a room filled 
with beautifully printed, colorful, descriptive, diagrammatic pamphlets 
waiting to be passed out by the demand of a new state law that requires 
a formal discussion with any breast cancer patient. We are to discuss 
with them the alternatives to conventional treatment, utilizing the de- 
scriptive pictures that show the intact breast after lumpectomy breast 
cancer surgery compared to total mastectomy. 

Women are also being made aware of the evidence that suggests that, 
even if local recurrence does occur in the lumpectomized breast, sub- 
sequent mastectomy leads to no deterrent in survival; thus, why not try 
lumpectomy first. This discussion is often being made with these women 
without their being fully aware of the necessity for postoperative radiation. 

The authors point out that it is more often the young and esthetically 
conscious lady seeking and demanding the new operation. In Miami, 
age is not a deterrent to demanding this operation, and they expect to 
be left with a Playboy breast, rather than a brassiere breast, which, as 
you well know, often results from a combination of tumor removal and 
6 weeks of radiation with interstitial implantation. We often forget that 
tissue may accept an individual surgical or an individual radiotherapy 
insult without significant trauma, but sometimes a combination of these 
two factors even given in lesser magnitude can be overwhelmingly de- 
structive to tissue. This was vividly demonstrated in the pictures the 
authors have just presented. 

An additional complicating consideration that the authors have men- 
tioned is the development of induced tumor in the delayed treated breast, 
and we are seeing an alarming number of tumors, mostly sarcomas, 
developing in radiated tissue. We must remember that the breast seems 
to be the most cancer-prone organ in the female, and it makes one wonder 
about the long-term implications of supervoltage and interstitial radio- 
therapy delivered to that organ, especially in younger women. 

The radiation therapist tells us that there seldom should be tumor 
recurrence, no skin or chestwall necrosis, no new or induced disease, 
and seldom any skin pigmentation or skin fibrosis or breast distortion. 
Yet, we do see such problems, and we, as the primary physicians in the 
community, must weigh these potential risks, especially when the radia- 
tion is delivered, as so often happens, by the uninitiated therapist. Re- 
member that not all radiotherapists have developed the expertise that 
apparently those have who are filling our literature with their successes. 
Let me quickly interject that I am becoming a segmentalist in the treat- 
ment of selected breast cancers. There is a role for conservatism, as is 
indicated by the preliminary studies. I have just reviewed a preprint from 
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the good friend of all of us, C. Barber Mueller, in which he cites 23 
references showing that the type of surgery, well performed, does not 
significantly alter the long-range survival of the breast cancer patient. 
Eight of his bibliography references describe good segmental resection 
or quadrant resections studies. 

I believe segmental resection is here to stay for at least some time to 
come and probably on a long-term basis, at least for small lesions. As 
the primary care therapists decide what role if any is to be played by 
radiation, you recall that in the recently published NSABP-06 Fisher 
study there was an identical local recurrence rate for patients who had 
total mastectomy and axillary node dissections and for those who had 
segmental mastectomy and axillary node dissection with postoperative 
radiation. Now, the distressing thing is that when segmental resection 
was carried out without radiation the local recurrence rate rose from 8% 
to 28%. However, if it is true, as we have heard suggested, that the great 
predominance of those recurrences were in the field of surgery, not in 
other quadrants of the breast, and, as I recall, all of the recurrences were 
within 2 years—as a matter of fact I think it was 18 months—then not 
enough surgery was performed; inadequate margins is the logical expla- 
nation. This premise adds further encouragement to segmental resection 
if it can be performed while leaving an acceptable cosmetic result that 
does not require reconstructive surgery. Remember, Dr. Fisher says that 
if you end up with a deformed breast, either you did not do the lum- 
pectomy correctly or you selected the wrong breast to perform segmental 
resection, or you selected the wrong radiation therapist. 

What can this “historically destructive” surgeon ask of this constructive 
paper? You note that in six of their 10 patients, the complications were 
associated with local recurrence. Our local recurrence in Miami at 3 
years is less than 4% following segmental resection in selected stage I 
patients without radiation. My question to the authors is, do you advise 
immediate reconstructive surgery after mastectomy for local recurrence 
or do you prefer a delayed reconstruction? Incidentally, we arrange for 
all our patients to see a plastic surgeon before definitive surgery, reminding 
ourselves that nearly all patients go to the operating room, sometimes 
reluctantly | must admit, having given informed consent and permission 
for total mastectomy. This allows us to make an intraoperative decision 
relating to our clinical judgment, our experience, and, of course, the 
microscopic findings as to whether this patient is a candidate for this 
new and selective operation. Let’s face it, it is probably the operation of 
the future as more women lose their fear of breast cancer and as we see 
more stage I disease. 


Dr. CARL R. HARTRAMPF, JR. (Closing discussion): Dr. Zeppa, Dr. 
Sawyer, I would like to thank the Association for the invitation to be 
with this august group and for allowing me to close this discussion. 

Dr. Ketcham, I would like to echo your concerns that you so eloquently 
expressed about this limited excision and radiation treatment that is 
being employed with increasing frequency. Patients need to understand 
that radiation therapy can have complications and that the defects created 
are often more difficult to correct than a surgical deficit. I hope that 
something positive will come out of such discussions as we are having 
here today. 

As to the question of whether to advise immediate reconstruction 
after mastectomy, our personal preference is to delay reconstruction until 
we are reasonably confident that the local disease has been controlled. 
We feel that it is important to allow adequate time to examine the spec- 
imen microscopically and, based on the findings, to determine the need 
for chemotherapy and/or radiation therapy and to evaluate the risk of 
bilaterality of the disease. This staging also allows time for a thorough 
discussion of the reconstruction options available to the patient and gives 
her time to make a well-considered decision. 

In closing, I would like to say that at the present we are experiencing 
a period of enthusiasm for partial mastectomy followed by radiation in 
the treatment of certain breast cancers. This “conservative” management 
is creating a lag phase in the management of breast cancer by mastectomy. 
In the future we can expect to see many of these individuals who will 
require complete removal of the diseased breast and subsequent recon- 
struction. Therefore, we should be prepared for the management of the 
complications of segmental resection with or without radiation. 
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Helps prevent wound hematoma. 


Hemostasis with THROMBOSTAT prior to 
closure significantly reduces the frequency 


of postoperative wound hematoma. Ina 


controlled study involving 102 heparinized 
patients, 82.4% of the thrombin-treated group 
were free of any hematoma, while 64.7% of 
the untreated group developed hematoma! 


Rapidly effective. 

The rapid hemostatic action controls oozing 
from capillaries and small venules in 

seconds. Full strength THROMBOSTAT solution 
can clot an equal volume of blood in less 

than a second, or 1,000 m? of blood in less than 


a minute. 


Versatile. 

THROMBOSTAT offers easy application 

and is a valuable aid to hemostasis in many 
fields of surgery wherever oozing blood from 
capillaries and small venules is accessible. 


REFERENCE 

1. Hashem: K, Donaldson LJ, Freeman JW, et al: The use of topical 
thrombin to reduce wound haematoma in patients receiving low-dose 
heparin. Curr Med Res Opin 1981;7:458-462. 


Minimizes the risk 


THROMBOSTAT ™ (Thrombin, USP) Bovine Origin 
Before preecribing, please see full prescribing information. 


` A Brief Summary follows: 
_ Thrombostat must not be injected] Apply on the surface 


of bleeding tissue as a solution or powder. 
INDICATIONS: Thrombosiat (Thrombin, USP) is indicated as an aid 
in hemostasis wherever oozing blood from capillaries and small 
venules is tcceasible. 

In various types of surgery solutions of Thrombostat may be used 


known to be sensitive to any of its components and/or to material of 


bovine origin. 

WARNING: Because of its action in the clotting mechanism, 
Thromboatat must not be injacted or otherwise allowed to enter 
large blood vessels. Extensive intravascular clotting and even 
death may result. Thrombostat is an antigenic substance and 
has caused senaltivity and allergic reactions when injected into 


animals, , 
PRECAUTIONS: Consult the absorbable gelatin 
labeling for complete information for use prior to utilizing 
thrombin-saturated-sponge procedure. 
ADVERSE REACTIONS: An allergic type reaction following the use 
of Thrombostat for treatment of episiaxis has been reported. Febrile 
reactions have also been cbserved following the use of Thrombostat 
in certain surgical procedures but no cause-effect relationship has 
been established. 
DOSAGE AND ADMINISTRATION: Solutions of Thrombostat may 
be prepared in sterile distilled water or isotonic saline. The 
intended use determines the strength of the solution to prepare. For 
general use in plastic surgery dental skin gratting, 
neurosurgery etc, solutions app: 100 units per 
mil are frequently used. For this, 10 ml of diluent added to the 1000 
unit package is suitable, Where bleeding is profuse, as from cut sur 
forces of liver and spleen, concentrations as high as 1000 to 2000 
units per m) may be required. For this the 5000 unit vial dissolved in 
5 ml or 2.5 ml respectively of the diluent supplied in the package is 
convenient. Intermediate strengths to suit the needs of the case may 
be prepared by selecting the proper strength package and dissolv- 
ing the contents in an appropriate volume of diluent. In many situa- 
tions, it may be advantageous to use at (Thrombin, USP) 
in dry form on oozing surfaces. 
Caution: Solutions should be used the day they are prepared. H 
several hours are to elapse, the solution ahould be refrigerated, 
ee 
techniques are suggested for the topical applica- 
Rely end 
1, The recipient surface should be spenged (not wiped) free of blood 
before Thromboatat is applied. 
2. A spray may be used or the surface may be flooded using a ster- 
ile syringe and small gauge needle. The most effective hemostasis 
results when the Thrombostat mixes freely with the blood as soon as 
it reaches the suriace, 
3. In instances where Thrombostat in dry form is needed, the vial ts 
ppered py hated neat DA mori ting By aig ned he Pameran 
and tearing counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrambostat is then broken up into a 
powder by means of a sterile glass rod or other suitable sterile 
instrument. 
4. Sponging of treated surfaces should be avoided in order that the 
clot remain securely in place. 
Thrombostat may be used in conjunction with Absarbable Gelatin 
Sponge, USP as follows: 
1. Prepare Thrombostat solution of the desired strength. 
2. Immerse sponge strips of the desired size in the Thrombostat solu- 
tion. Knead the sponge strips vigorously with moistened fingers to 
remove trapped air, thereby facilitating saturation of the sponge. 
3. Apply saturated sponge to bleeding area. Hold in place for 10 to 
15 seconds with a pledget of cotton or a small gauze sponge. 
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(Imipenem-Cilastatin Sodium|MSD) 


For presumptive therapy 
in certain seriously ill patients with: 
Infections of unknown etiology 





PRIMAXIN is highly effective for infections caused by indicated bacteria in most body sites 
lower respiratory tract, urinary tract, skin and skin-structure, intraabdominal, gynecologic, 
and bone and joint infections, bacterial septicemia, and endocarditis 

PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some strains of 
Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, Streptococcus 
faecium, some strains of anaerobic corynebacteria, and some strains of Flavobacterium 
PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component 
of this product. Before initiating therapy with PRIMAXIN, careful inquiry should be made con- 
cerning previous hypersensitivity reactions to penicillins, cephalosporins, other beta-lactams, 
and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug 
Serious hypersensitivity reactions may require epinephrine and other emergency measures 

In vitro susceptibility does not necessarily imply in vivo effectiveness. 
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(Imipenem-Cilastatin Sodium/MSD) 


THE BROADEST SPECTRUM 
ANTIBIOTIC EVER 


Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (anaphylac- 


tio REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS 

THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY 
REACTIONS WHEN TREATED WITH ANOTHER BETA LACTAM. BEFORE INITIATING 
THERAPY WITH PRIMAXIN, CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, 
OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION TO 
PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN; therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to fife threatening. 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 


Precautions: Genera/-CNS adverse experiences such as myoclonic activity, con- 


fusional states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., brain lesions or 
history of seizures) who also have compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 


in patients with known factors that predispose to seizures. Anticonvulsant ther- 


apy should be continued in patients with a known seizure disorder If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
of discontinued, 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 


nonsusceptible organisms. Repeated evaluation of the patient's condition is essen- 


tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the characteristic low toxicity of the beta-lactam group 
cf antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug interactions Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertility-Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male and female rats were performec with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy—-Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 





Teratology studies with PRIMAXIN at doses up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity. 
Data from preliminary studies suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
studies, PRIMAXIN was well tolerated in equivalent or higher doses (up to 11 times 
the average human dose) in pregnant rats and mice. Further studies are under 
way to evaluate these findings. 
There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 
Nursing Mothers—It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman. 
Pediatric Use~Satety and effectiveness in infants and children below 12 years of 
age have not yet been established. 
Adverse Reactions: °RIMAXIN is generally well tolerated. Many of the 1,723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 
Local Adverse Reactions—Local adverse clinical reactions that were reported as 
possibly, probably, or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombophlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (04%), vein induration (0.2%), infused vein infection (01%). 
Systemic Adverse Reactions—The most frequently reported systemic adverse clini- 
cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever 
(0.5%), hypotension (0.4%), seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 
Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug reiated occurring in less than 0.2% of the patients are listed within 
each body system in order of decreasing severity: Gastrointestinal -pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue oapillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation; CNS—encepnalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache; Specia! Senses-transient hearing loss in patients with impaired hearing, 
tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular- palpitations, tachycardia; Rena/-oliguria/anuria, polyuria: 
Skin-erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae, Body as a Whole-polyarthralgia, 
asthenia/weakness. 
Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug relationship that were reported during clinical trials were: Hepatic— increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic—increased eosino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils; F/ectrolytes~ decreased serum sodium, increased potassium, 
increased chloride: Renai -increased BUN, creatinine: Urinalysis -presence of urine 
protein, urine red blood celis, urine white blood cells, urine casts, urine bilirubin, 
and urine urobilinogen. 
NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
the maximum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever 
is lower. 
How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 
Caution: The suspension from vials is not for direct infusion. MSD 
For more detailed information, consult your MSD Representative ERCK 
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Management of Pa esophageal Cancer by Blunt 
Resection without Thoracotomy and 
p-Reconstruction with Stomach 





JOHN W. BAKER, JR., M.D.* 


Encouraged by their experience since 1978 with blunt esopha- 
gectomy and gastric reconstruction in the management of pha- 
ryngolaryngeal malignancy,’ the authors have extended their 

use of this technique to the management of thoracic esophageal 
cancer. A study of 43 blunt esophageal resections is presented; 
23 were performed in the management of pharyngolaryngeal 
cancer, and 20 were performed (22 attempted) for the resection 


A otintracdioraci esonhiasal cee In the first group, two deaths 


occurred secondary to liver failure in cirrhotic patients with moist 
ascites. One death occurred due to anastomotic leak in the neck 
of a patient with laryngeal cancer treated with extended me- 
diastinal dissection and tracheal resection for surgical and ra- 
diation failure. Two tracheal injuries occurred; one could be 
managed through the neck, and one required thoractomy for re- 
pair. In the 20 resections performed for intrathoracic cancer, 
there were no deaths, no tracheal injuries, and one chest was 
‘explored for bleeding in the splenic bed, which decompressed 
itself into the right chest. The overall mortality was 7.5%. The 
evaluation emphasizes: (1) The applicability of this technique 
for the management of esophageal problems at all levels. (2) 
The safety of the technique, particularly in the typical population 
with advanced aged and severe underlying medical illness. (3) 
Good functional results with palliation and/or cure. (4) The ben- 
efit of intact mediastinal pleura in avoiding certain thoracic com- 
-plications. The authors conclude that blunt esophagectomy is a 
safe resection procedure with limited morbidity and mortality, 
and that gastric reconstruction is reliable and affords excellent 
functional results. They are encouraged to continue management 
of panesophageal cancer with this technique. 


E BEGAN OUR EXPERIENCE with total blunt re- 
section of the intrathoracic esophagus in De- 
cember 1978 when confronted with a 16-year- 

old boy totally obstructed by cancer of the postcricoid 
esophagus, which invaded the thyroid gland. Prior to that 
time, these lesions had been managed at the Eastern Vir- 
ginia Medical School by a single service. Preoperative ra- 
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diation therapy and surgery with cutaneous flap recon- 
struction had been the standard treatment for advanced 
hypopharyngeal and cervical esophageal cancer in our in- 
stitution. We were not totally satisfied with this approach. 
During preoperative radiation, patients often experienced 
significant pain and discomfort, obstruction, and aspira- 
tion. Skin flap reconstruction did not allow sure closure 
low in the thoracic inlet, and lower margins of resection 
were “close.” Staged skin flap procedures often consumed 
6 to 8 weeks hospitalization, and functional results were 
poor. The myocutaneous flap alleviated some of these 
difficulties, but its bulk made it cumbersome as an esoph- 
ageal replacement. Intestinal reconstruction of the esoph- 
agus including reverse gastric tubes and colons was fre- 
quently unsuccessful or poorly functional in our institu- 
tion. 

Faced with this specific clinical dilemma, we recognized 
that arbitrary esophageal boundaries were false, and that 
they made the esophagus the surgical province of indi- 
vidual specialties. Esophageal cancer is, in fact, a pane- 
sophageal disease. We felt that its management often 
transcended skills of any individual specialty, and, for 
this reason, we approached this patient and subsequently 
this disorder as a team with initial management by the 
otolaryngology-head and neck surgeon and consultation 
with the general thoracic and microvascular surgeon, 


` where appropriate. We determined in this initial case to , 


manage our patient by a one-stage laryngopharyngoeso- 
phagectomy accompanied by a blunt total transhiatal 
esophagectomy without thoractomy. The defect was re- 


_ constructed by pharyngogastrostomy. The initial case was 


managed successfully. An 82-year-old woman with an 
identical lesion was managed successfully within a week 
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thereof. These initial successes excited and encouraged us 
to continue to approach this disorder as a team. Initially, 
we alternated this reconstructive technique with that of 
pectoralis myocutaneous flap and jejunal autotransplan- 
tation and have reported our comparative results with 
these techniques.'~? 

Our growing facility with blunt esophagectomy in pa- 
tients with pharyngoesophageal cancer,'* the low mor- 
tality and technical mobidity with this resection technique, 
and the reliability and excellent functional results from 
the gastric reconstruction stimulated us to extend this op- 
eration to the management of intrathoracic esophageal 
cancer. This paper presents our cumulative clinical ex- 
perience with blunt esophagectomy and gastric recon- 
struction in 23 patients with pharyngoesophageal cancer 
managed since 1978 and in 22 patients with thoracic 
esophageal cancer managed since 1979. 


Technique 


For resection and reconstruction of pharyngoesopha- 
geal cancer, there has been extensive precedent by well- 
known esophageal surgeons.*°> We perform this operation 
with two teams.” The head and neck surgeon performs a 
standard laryngopharyngectomy and mobilizes the at- 
tached upper esophagus. Neck dissections are performed 
as indicated. A second surgical team explores the abdo- 
men, mobilizes the stomach, and performs a pyloroplasty 
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Fic. |. The fundus of the 
pedicled stomach extends to 
the pharynx even while po- 
sitioned on the anterior chest 
wall. 


and feeding catheter jejunostomy. The upper hand re- 
tractor aids exposure of the upper abdomen. The trian- 
gular ligament to the left lobe of the liver is divided, and 
the lobe is reflected to the right exposing the hiatus. The 
peritoneum overlying the esophagus is divided, and the 
esophagus is sharply and bluntly dissected with its vagal 
trunks. The stomach is mobilized such that it becomes a 
pedicle graft based on the right gastroepiploic and the 
right gastric arteries. This requires division of the left gas- 
tric artery near its takeoff from the celiac axis and division 
of all short gastric vessels (Fig. 1). 

Once the reconstructive organ is fully mobilized, the 
transhiatal blunt esophagectomy is begun. The lower 
esophagus is mobilized under direct vision or bluntly to 
the carina. Blunt stripping of the upper esophagus is easily 
performed when the pharynx has been divided, and one 
can insert a finger to the level of the carina. The posterior 
tracheal wall is soft and may be fragile, but it usually 
separates easily from the esophageal wall. The esophagus 
is then bimanually extracted. There are variations in pa- 
tient anatomy, and, while some patients can be totally 
dissected under direct vision through the neck and the 
hiatus, others must be dissected with one hand completely 
in the posterior mediastinum through the hiatus. A few 
patients must be digitally dissected blindly with difficulty. 

Anatomic dissection and demonstration best define 


blunt or transhiatal esophagectomy (Fig. 2). The technique sw 


is teachable by anatomic demonstration, which heightens 
one’s perceptions of the anatomy more than does abstract 
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depiction or hopeful intraoperative attempt. When dealing 
with pharyngoesophageal cancer, there may be second 
primaries or skip lesions in the esophagus, but one is fun- 
damentally concerned with stripping or completing the 
+1 esophagectomy. We first place a forefinger between the 
¿f esophagus and posterior tracheal wall and a forefinger 
anterior to the esophagus behind the heart and meet in 
the same tissue plane at the carina. We then place a fore- 
finger behind the esophagus against the vertebrae and a 
hand through the hiatus posteriorly against the vertebrae 
and meet in this posterior plane. Lastly, we insert a hand 
anterior to the esophagus and, using the middle and fore- 
fingers as a fork, strip the esophagus from within the tented 
vagi. There is no concern for injuring the recurrent la- 
ryngeal nerves, which are routinely divided. Stripping 
outside the vagi may lead to avulsion of vessels from 
structures other than the esophagus and may lead to injury 
to the lung or pulmonary vessels. Caution must be used 
in patients with narrow chests, as a hand in the medias- 
tinum frequently compresses the heart, causing brief pe- 
riods of hypotension. It is for this reason that continuous 
x arterial pressure monitoring is absolutely essential. 
Once the esophagus is freed from its attachments, it is 
severed in the neck or abdomen, a suture is attached to 
it, and it is pulled free leaving a string in the posterior 
mediastinum. The esophagogastric junction lies midway 
between the fundus and pylorus of the stomach and a TA- 
90 stapler (Ethicon, Summerville, NJ) is used to divide 
the esophagus from the stomach at the appropriate level 
on the lesser curve. The staple line is oversewn with in- 
terrupted silk Lembert sutures. Taking care not to stretch 
the gastric vessels themselves, the muscular stomach wall 
is stretched under some tension to its fully relaxed state 
and usually reaches the angle of the mandible lying on 
the front of the chest wall. The string in the mediastinum 
w is sewn to the highest point on the fundus, and the stomach 
"is pushed and pulled through the posterior mediastinum 
into the neck where an anastomosis is performed using 
single layer interrupted silk or Vicryl® suture. 

The stomach always reaches above the clavicles and 
usually reaches the angle of the mandible without tension. 
Resection higher than the oropharynx may require the 
cutting of a “smile” anterior gastric flap to bridge the gap. 
Closure can usually then be accomplished by flexing the 
neck and triangulating the anterior suture line. For higher 
resections, we have tacked the stomach to the prevertebral 
fascia, leaving a raw area in the posterior mouth, or de- 
veloped a bipedicle flap in the mouth to slide downwards 
to the stomach, or used other local skin flaps for coverage, 
which adds considerably to operative time. The stomach 
4 is best used to reconstruct hypopharyngeal defects. Jejunal 
=" autotransplantation is most suitable for reconstruction of 
the oro or nasopharynx. 
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Fic. 2. Anatomic dissection demonstrates vagal anatomy and the necessity 
of dissecting the esophagus within the vagi. 


We have been guided in our approach to blunt esoph- 
agectomy for intrathoracic cancer by the pioneer efforts 
of Mark Orringer,’ who has extended and developed this 
technique.®? When dealing with low intrathoracic lesions, 
one can perform low esophageal dissection bluntly or 
sharply under direct vision. Limited en bloc resection or 
blunt node staging is possible with preservation of the 
pleura. Resection of upper lesions is limited by the tumor 
adherence to the posterior tracheal wall. We perform up- 
per esophageal resection as a stripping procedure. We have 
approached the cervical portion of the procedure from 
the right side in 18 cases and the left side in two cases, 
taking care to preserve the recurrent laryngeal nerves. An- 
atomic dissection demonstrates the importance of staying 
close on the esophagus to avoid the left recurrent laryngeal 
nerve. The gastric reconstruction is easy to perform, as 
the stomach always extends to the cervical esophagus. We 
do not tack the stomach to the prevertebral fascia but 
form an end-to-end interrupted silk or Vicryl anastomosis. 
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TABLE 1. Results of Blunt Esophagectomy in 45 Patients Studied 





PLE Blunt & PG Thoracic Blunt 





Patients 
Attempted 23 22 (1 middle) 
Failed 0 2 (Trachea) 
Completed 23 (2 mediastinal 20 (1 lower) 
extended) (Size) 
Deaths 3 (1 disrupted 
extended 
mediastinal) 
(2 cirrhosis & 
lower 
failure) 
OP times 6 hours 3 hours 
Complications 
Stomach failure 1 
Leak 6 1 
Chest tubes 4 4 
Splenectomies 2 I 
Recurrent ~ 1 (Upper 1/3 
nerve tumor 
invaded) 
Aspiration — 2 (1 recurrent 
nerve) 
(1 larynx 
spared) 
Function 
Dysphagia 0 0 
Speech All 1 hoarse 
Length of stay 25 days 15 days 








On occasion, we imbricate the stomach to make it “thin- 
ner” for passage through a narrow mediastinal tunnel. 

Patients with pharyngolaryngectomy and new trache- 
ostomies are frequently ventilated overnight, as are pa- 
tients treated for primary intrathoracic disease. Patients 
are usually fed through a jejunostomy tube for 10 days, 
at which time a barium swallow is obtained, and, if no 
leakage is demonstrated, a diet is begun and advanced 
rapidly. 


Pharyngoesophageal Cancer 
Patients 


Since 1978, exenteration of the neck by laryngophar- 
yngoesophagectomy, indicated neck dissections, and blunt 
transhiatal esophagectomy without thoractomy has been 
performed in 23 patients with T3 or T4 pharyngoesoph- 
ageal cancers. Initially, this reconstruction was alternated 
with pectoralis myocutaneous flap and jejunal autotrans- 
plantation; however, specific indications for each tech- 
nique have evolved.? The series included 16 men and 
seven women, ranging in age from 16 to 82. Four patients 
were irradiated before operation to 5000 rads or were ra- 
diation failures in the treatment of their disease. All pa- 
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tients had preoperative nutritional assessments, and def- 
icits were corrected prior to operation. No patient was 
excluded from resection except for prohibitive medical 
illness that would contraindicate any proposed surgery. 
The patients included heavy smokers and drinkers, many l 
of whom had significant liver function abnormalities, cir-~* 
rhosis, and impaired pulmonary, cardiovascular, and renal 
failure. 


Results 


Blunt esophagectomy was attempted in 23 patients with 
pharyngoesophageal cancer and was successfully com- 
pleted in all cases (Tables | and 2). There were three post- 
operative deaths within 30 days of surgery. Two deaths 
occurred in cirrhotic patients with moist ascites who suc- 
cumbed to liver failure and pulmonary infection. One 
patient, with an extended mediastinal tracheal resection 
for radiated recurrent cancer, died of pharyngogastric 
separation with neck sepsis and ruptured vessels. At ex- 
ploration, the stomach was totally viable, and all sutures 
had separated from the pharynx rather than the stomach. 
No intraoperative death or significant intraoperative 
bleeding occurred. Two tracheal injuries were inflicted: 
one was repaired through the cervical incision, and one 
was a large tear at the carina that required ventilation of 
the left lung, right thoractomy, and repair under direct 
vision. 

Complications included one failure of the stomach to 
bridge the resection gap in a tall, thin, asthenic woman. 
The stomach was not satisfactory for reconstruction and 
did not reach the hypopharynx. There were six leaks, 
which healed with drainage and jejunostomy tube nutri- 
tional support. One death occurred—in the patient pre- 
viously noted with pharyngogastric separation. Two sple- 
nectomies were required for injury associated with mo- 
bilization of the stomach. 

Late complications included a postoperative radiation 
gastritis, necessitating periodic transfusions, in an 82-year- 
old woman who was a 5-year survivor. A second patient 
required a pyloroplasty after an unsuccessful pyloromy- 
otomy. Hospital stays approximated 25 days. 


Function 


We have previously reported the functional results of 
pharyngogastrostomy,’ considering deglutition, nutri- 
tional competence, and voice production. Pharyngogas- 
trostomy produced higher functional results than did other 
reconstructive procedures, including pectoralis myocu- 
taneous flaps and jejunal autografts. The procedure cannot 
be used for pharyngeal reconstruction when the larynx is 
preserved because significant aspiration occurs. Patients 
in this series swallowed liquids early in the postoperative 
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TABLE 2. Actuarial Survival in Patients with Pharyngolaryngeal Cancer Treated by Blunt Resection and Pharyngogastrostomy 





% Survival After- , 
©. No Deaths Survivos  6Mo. 12 Mo. 18 Mo. 24Mo.  36Mo.  48Mo.  60Mo. 

PLE extended : 

mediastinal 2 1 (50%) 1 50 = ais Éa = z = 
Standard 

Cervico- 

thoracic k 7 

PLE 21 29.5%) 19 89 (17/19) 5$(10/18) 41 (7/17) 31(5/16) 31 (5/16) 


périod and had a 2 to 3 month period when small meals 
were required. Ninety-four per cent of pharyngogastros- 
tomy patients progress to soft or regular diets. 

The development of néoesophageal speech appears to 
be facilitated by the gastric reconstruction. These patients 
inject air transorally with ease, and they communicate 
with ease. 


Survival 

Seventeen patients had lymph node metastases on 
pathologic examination. Only six patients had negative 
nodes, and five of these patients are alive arid free of dis- 
easé from 4 months to 7 years. One death occurred at 2% 
years from primary lung cancer. The other patients died 
of inanition or systemic disease but were able to swallow 
until their death. Our initial 16-year-old patient, who pré- 
sented with postcricoid cancer and thyroid i invasion with 
node metastases, is alive and frée of disease at 7 years. 
Actuarial survival tables show significant palliation to 
miore than half of these patients at 12 to 18 months with 
long-term survival of 30% at 4 years. 


Thoracic Esophageal Cancer 

Patients 

_ Since 1979, blunt transhiatal esophagectomy has been 
attempted in 22 patients with thoracic esophageal cancer. 
The series included 15 men and seven women rariging in 
age from 46 to 74 years. Blunt transhiatal esophagectomy 
was successfully performed in 20 of the 22 patients. Our 
first patient in 1979 had a midthird esophageal cancer 3 
years following a pharyngeal resection with laryngeal 
preservation. Blunt resection was aborted, and the lesion 
resected through a right thoractomy because of dense ad- 
herence to the posterior tracheal wall. The fourth patient 
in the series had a very large distal third esophiageal cancer 
and blunt resection was aborted. 

Patients were operated on consecutively and were ex- 
cluded only for metastatic disease, documented tracheal 
involvement by tumor, or terminal status. Five patients 
were irradiated 4500 rads before operation, but this was 
discontinued in 1982. Subsequent patients underwent 


61 (11/18) 


surgery followed by occasional postoperative chemother- 
apy. Only four patients were felt to be nutritionally not- 
mal. One patient had a recent coronary bypass, and five 
were severe alcoholics. One had a history of stroke and 
dementia and two had profound abnormalities of pul- 
monary function with severe obstructive lung disease. One 
43-year-old patient had lupus erythemiatosis and was on 
chronic high dose steroid support. 


Results 


T wenty blunt transhiatal esophagectomies were suc- 
cessfully completed for thoracic esophageal cancer. There 
were tio postoperative deaths, no tracheal injuries, and 
no significant intraoperative bleeding. The mediastinal 
pleura was violated, necessitating chest tubes in only four 
of the 20 patients. One recurrent nerve was injured in a 
patient who had a large upper third esophageal cancer 
inyolving his recurrent laryngeal nerve, and that patient 
died within 3 months from aspiration and pulmonary 
infection. One patient, resected by right thoractomy, had 
significant aspiration with a pharyngocervical anastomosis 
and intact larynx and ultimately required closure of the 
glottis. One leak developed i in the neck in a profoundly 
nutritionally depleted patient, who was treated with in- 
travenous anitibiotics and jejunostomy tube feeds, and no 
nasogastric tube was placed. In spite of the extent of his 
leak and mediastinal contamination, he remained clini- 
cally stable and his leak closed over within a period of 20 
days: One patient bled into his right chest 8 hours after 
surgery and was éxplored through his right chest, where 
no bleeding could bé found. His abdomen was reopened, 
and he was noted to be bleeding from the splenic bed, 
which had evacuated through the hiatus into the right 
chest. There was one splenic injury. 


Function 


With the exception of the single patient with a leak, all 
patients received liquid diet by the tenth postoperative 
day and advanced rapidly to solid food. Most of these 
patients were discharged by the fifteenth postoperative 
day. About one third of the patients will admit to raré 
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TABLE 3. Actuarial Survival by Stage in Patients with Thoracic Esophageal Cancer Treated by Blunt Resection and Cervical Esophagogastrostomy 





% Survival at 








Thoracic No. Deaths Survivors 6 Mo. 12 Mo. 18 Mo. 24 Mo. 30 Mo. 36 Mo. 48 Mo. 
Stage I 3 0 3 100% (3/3) 100% (3/3) 100% (2/2) 100% (1/1) 100% (1/1) 

Stage H l 0 1 100% (1/1) 100% (1/1) 0 (0/1) 

Stage IH! 18 0 18 93% (14/15) 75% (9/12) 27% (3/11) 20% (2/10) 20% (2/10) 100% (1/1) 





regurgitation after eating or when in a supine position. 
No patient has required dilatation, and diarrhea has not 
been a chronic complaint in any patient. Dumping symp- 
toms occur in about 25% of patients. 


Survival 


Of the 22 esophagectomies performed; three were stage 
I, one was stage II, and 18 were stage III (Table 3). Three 
patients with stage I disease are alive with no evidence of 
disease at 18 and 36 months. One patient with stage II 
disease died at 7 months of metastatic disease and pha- 
ryngeal involvement by submucosal spread. Eight patients 
were resected for adenocarcinoma in Barrett’s epithelium, 
two of these patients were stage I and six were stage III. 
The two stage I patients are alive and free of disease. Stage 
HI patients enjoy 20% actuarial survival at 30 months. 
Comparison of survival in upper and lower esophageal 
cancer demonstrates the better prognosis for lower lesions 
(Table 4). 


Discussion 


This consecutive series excludes only patients with 
metastatic disease, terminal status, and tracheal involve- 
ment by tumor. Preoperative status is marked by signif- 
icant nutritional deficiency and by cardiac, pulmonary, 
hepatic, renal, and vascular disease. Many of these patients 
would not be considered for prolonged intrathoracic sur- 
gery. 

The pharyngoesophageal cancer patients have huge tu- 
mors that require exenteration for palliation or cure. The 
thoracic esophageal cancer patients are a profile of esoph- 
ageal cancer in that almost all of the patients were stage 
HI; only four of 20 patients had “curable” tumor. The 


increasing prevalence of adenocarcinoma in Barrett’s 
esophagus is noted in this group. 

There was no mortality in this series related to the blunt 
esophageal resection technique. Tracheal injuries occurred 
in the PLE group where the trachea was normal, and no 
haste and aggressive dissection against a large endotracheal 
tube balloon may account for this problem. Certainly, 
one performing blunt esophagectomy must be cautious 
and exercise judgment in the face of tumors that invade 
adjacent structures, particularly the posterior wall of the 
trachea. We aborted blunt resections in two patients. 

We believe it is important to preserve the pleura intact, 
and the use of chest tubes in only eight of the 43 patients 
demonstrates that this can usually be accomplished. The 
intact mediastinal envelope may have significant impact 
on the conservative resolution of major esophageal leaks 
when they occur. 

This stomach is a reliable organ for reconstruction, with 
the exception that an occasional thin asthenic individual 
may have a stomach that will not reach the angle of the 
mandible. The stomach reconstruction is not appropriate 
for pharyngeal resections when the larynx is left intact, 
as significant aspiration and pulmonary infection will lead 
to the patient’s death. Preservation of the recurrent la- 
ryngeal nerves is essential when the larynx is preserved 
and was achieved in all but one patient in this series. The 
stomach heals well in the irradiated field, although one 
of our patients died from radiation nonhealing. The 
stomach appears to tolerate postoperative irradiation, with 
the exception of one patient who developed a severe ra- 
diation gastritis requiring periodic transfusion. 

The 7.5% mortality rate in this series compares favor- 
ably with that of other series’'* and is a significant im- 
provement compared to mortality rates for overall esoph- 
ageal resection reported elsewhere.'*'® It has been spec- 


TABLE 4. Actuarial Survival by Level in Patients with Thoracic Esophageal Cancer Treated by Blunt Resection and Cervical Esophagogastrostomy 











Thoracic % Survival at 
Esophageal 

Cancer No. Deaths Survivors 6 Mo. 12 Mo. 18 Mo. 24 Mo. 36 Mo. 48 Mo. 
Upper 10 0 10 89% (8/9) 86% (6/7) 37% (3/8) — —— —— 
Lower 2 0 12 100% (10/10) 88% (7/8) 57% (4/7) 50% (3/6) 25% (1/4) 
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ulated that the worldwide mortality for thoracic 
esophageal resection is near 30%’ and that blunt esopha- 
gectomy may significantly decrease operative mortality 
for esophageal cancer. The absence of operative mortality 
and low morbidity in this series attests to the safety of the 
procedure. One must be properly trained and prepared 
to handle occasional intrathoracic catastrophes that may 
occur. Our deaths were fundamentally related to the pre- 
morbid status of the patient and to high morbidity and 
mortality for surgery in patients with cirrhosis and ascites. 
What is most dramatic about this procedure is the low 
incidence of complications in this profile of patients and 
their good functional results. These people behave after 
operation more like patients with a gastric resection than 
with thoracotomy or major pulmonary resection, and their 
absence of thoracic pain and relatively benign postoper- 
ative course is a significant improvement over resection 
with thoracotomy. 

The major objection to blunt esophageal resection for 
intrathoracic cancer is the failure of this procedure to meet 
the concept of a Halstedian en bloc cancer resection with 
nodes.'? Extensive mediastinal node dissections have 
demonstrated the wide prevalence and unpredictable lo- 
cations of nodes in patients with esophageal cancer. Node 
metastases or full thickness wall penetration continues to 
be the most significant prognostic determinant in patients 
with esophageal cancer.!8 The overall high prevalence of 
advanced cancer in the U.S. population is reflected in this 
series. While Akiyama’s data may suggest that extensive 
node dissection is necessary to treat esophageal cancer, it 
might also be concluded that extensive node dissection is 
futile in the treatment of esophageal cancer. The results 
of NSABP studies challenge our notions of cancer oper- 
ations and question node dissection as a therapeutic arm 
in the treatment of cancer.!® 

We have accepted the notion that one reaches a point 
of diminishing return with radical and super-radical sur- 
gery. It is exciting that one can exenterate and reconstruct 
the esophagus in a safe and reliable way and promise most 
patients limited morbidity and mortality with good func- 
tion. This preserves the role of surgical resection as the 
main arm of locoregional control of esophageal cancer 
for nearly all patients. This does not compromise survival 
in the patient with stage I disease and allows continued 
assessment of adjuvant systemic therapies. 


Conclusions 


(1) Blunt esophagectomy is a safe, rapid technique of 


y esophageal resection that is applicable to the management 


of panesophageal cancer. (2) The stomach is an excellent 
organ for esophageal reconstruction and provides excellent 
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function. (3) This combined resection and reconstruction 
can extend locoregional surgical control to most patients 
with esophageal cancer. (4) The demonstrated safety of 
this technique will change our approach to the manage- 
ment of benign esophageal disease. With reliable, safe re- 
section and reconstruction, more advanced benign dis- 
orders will be managed earlier by resection instead of 
temporizing techniques.” 
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DISCUSSION 


Dr. DAVID B. SKINNER (Chicago, Illinois): I greatly enjoyed Dr, Baker’s 
excellent presentation, and welcome him as a new member. I am par- 
ticularly pleased to hear this because I had the pleasure of having John 
as a resident when I was at Hopkins about 15 years ago, and even then 
it was clear that he was going to be a superior surgeon. I think the results 
that he has achieved and presented today testify to that. 

There are several points worthy of discussion in this ongoing discussion 
about esophageal cancer. Dr. Baker has presented a series in which he 
has used this operation for two rather different applications. 

We agree completely with him that it is an excellent operation for 
treating carcinoma of the pharyngoesophagus, and we have been using 
this approach since 1975 for those kinds of cases. That was the time 
when Dr. Hiroshi Akiyama reintroduced esophagectomy without tho- 
racotomy into the United States with his presentation and movie at the 
American College of Surgeons. For the pharyngeal cancers, that made 
a lot of sense and does, indeed, work very well. However, when they are 
operating in the neck, Dr. Baker and his colleagues do, as we do, a cancer 
dissection of the surrounding tissues, as shown in his specimen and as 
evidenced by the survival of his young patient with the advanced disease: 
thus, this does meet the usual criteria for control of cancer. 

The second application does not meet the same principle of cancer 
surgery when blunt esophagectomy is applied to primary disease within 
the mediastinum. Why is the operation being adopted so readily then? 
There are several reasons that are given. One is that it is said to be a 
safer operation, but is it really? The mortality of all kinds of esophagec- 
tomies are coming down world-wide with better anesthetic and post- 
operative management as well as surgical familiarity, and there is a 
learning curve in this disease. 

For example, in our own en bloc resections now reviewed up through 
1984, in the 1981 to 1984 interval our mortality dropped to 3%. The 
over-all mortality for the entire series is now at 9%, numbers very com- 
parable to Dr. Baker’s for a so-called safer operation. There are many 
papers in the older literature that show that pulmonary function disability 
is caused as much by an extensive upper abdominal dissection as by 
thoracotomy; thus, the argument that respiratory function is better pre- 
served is not backed up by physiological study. 

The concept of 30-day mortality perhaps needs to be challenged and 
may be an artifact of modern intensive care. We have come to agree 
with Drs. Ong and Wong from Hong Kong that the concept of a 6- 
month mortality figure is a more meaningful number to report when 
we are discussing this kind of surgery. For the en bloc esophagectomies, 
it is currently running at 20% mortality at 6 months, and Dr. Baker, I 
think, will review his numbers for us in closing. 

Now, if palliation is the only goal for esophagectomy for esophageal 
cancer, then this approach that Dr. Baker has described is, indeed, a very 
good approach. However, the data on staged patients who have undergone 
more extensive resections indicate that there are some patients with lim- 
ited spread in the mediastinal area, but outside of the wall of the esoph- 
agus, who can become long-term survivors by a more extensive resection. 
Blunt esophagectomy carried out in the esophageal wall will deny that 
opportunity to those patients as it may have in the one stage II case that 
Dr. Baker mentioned in his presentation. 

Another issue is, does this control the disease in the mediastinum? 
Do you really obtain regional control of the cancer? In reporting our en 
bloc resections, the incidence of mediastinal recurrences was three in 71 
survivors in our initial report, or a failure rate in the mediastinum of 
less than 5%. I ask Dr. Baker what the recurrence rate in the mediastinum 
was in his patients. 

I think the day has come when we can begin to be selective in choosing 
operations for esophageal cancer for palliation or for cure. Drs. Baker, 
Orringer, and others have shown us that esophagectomy without tho- 
racotomy can be done with the same degree of safety that we can do a 
standard esophagectomy, or extensive en bloc esophagectomy, and per- 
haps patients tolerate it better. That needs to be looked at in some kind 
of randomized trial. However, it is a mistake to deny the possibility of 
curative surgery of a more extensive nature for selected patients whose 
preoperative staging is favorable. Today we should concentrate on pre- 
operative staging and employ potentially curable operations for patients 
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who might be cured with an en bloc esophagectomy and use standard 
esophagectomies with or without thoracotomy depending on the cir- 
cumstances for those who have advanced disease where surgical cure is 
not possible. 


Dr. EDWARD F. PARKER (Charleston, South Carolina): Some of my 
discussion will be a repetition of what Dr. Skinner has already said. 

I wish to congratulate the authors on their presentation and on the 
low mortality for the operation of resection of the esophagus by blunt 
dissection through a combined cervical and abdominal approach. It has 
been intensely interesting to note the increasing popularity of this method 
of esophagectomy primarily espoused by Mark Orringer. 

It will be doubly interesting to anticipate reports on the long-term 
survival of patients having an operation for cancer that purportedly directs 
no attention whatever to thoracic nodal involvement. Whereas it is known 
that regional lymph node metastasis does not preclude the possibility of 
long-term survival, its presence certainly sharply compromises the pos- 
sibility. Therefore, one would wonder if an attempt to excise all me- 
diastinal nodes under direct vision would not be a safer operation and 
one that might enhance the chance of a long-term survival. 

In operations for esophagectomy for carcinoma after preliminary ra- 
diation therapy and, in some patients, chemotherapy also, dissection of 
the tumor and its separation from the aorta and the left main bronchus 
or trachea can be an exceedingly difficult and dangerous procedure, even 
under direct vision. As I am usually assisting a resident surgeon with a 
combined upper abdominal and right thoracic approach, and a right 
cervical approach also when the anastomosis of the stomach or colon 
needs to be done in the neck, I say nothing during the operation and ` 
wait several days to ask the resident if he thought that the operation 
could have been done safely by the relatively blind technique. The answer 
is invariably no. Obviously, however, it can be done with low mortality, 
But, if one has the philosophy that patients with carcinoma of the esoph- 
agus, at whatever level, deserve the best chance possible for cure rather 
than solely the surgeon’s and the patient’s contentment with restoration 
of the ability to swallow, or unless some nonsurgical method or com- 
bination of methods is on the horizon, it is believed that a more extensive 
operation to allow the better possibility of excision of all local tumor 
and any regional nodal metastases may yet prove to be the preferable 
method. 


Dr. HARRY B. GREGORIE, JR. (Charleston, South Carolina): My ex- 
perience with carcinoma of the esophagus is honestly filled with many 
disappointments. We continue to search for early diagnosis, improved 
modalities of therapy and more long-term satisfied survivors. 

Our new member, Dr. Baker, has clearly provided a most provocative 
and excellent report. The patient numbers are somewhat limited, but 
the pattern of achievement is significant and good. Personally, as an 
authority with this particular operation, I have to be likened to a preacher 
at a poker game. I do not approve of it yet. I have not done it yet. I 
know just a little bit about it, but if I do decide to play the game, I hope 
that I, too, will come out a winner like Dr. Baker. 

Dr. Baker has carefully studied a consecutive series of 45 patients, and 
I had the opportunity to review his manuscript, which is thoroughly 
descriptive. Twenty-three of the patients with resection at the pharyn- 
golaryngeal level had associated node dissections, as I understood it. And 
of the 20 thoracic lesions, 12 were low and presumably had some lower 
nodes removed. Among these groups, the survival was highest. 

In South Carolina, over 50% of lesions occur in the midthoracic level. 
For such patients, in my judgment, node dissection with a careful open 
field, hand-on approach seems the most compelling and desirable method. 

I would like to say further that one should always be prepared to use 
the colon as conduit when the stomach is too short or otherwise has 
been resected. The colon transplant may also be used as a patch for the 
injured or resected tracheobronchial membrane. 

I wish to congratulate Dr. Baker and his fellow workers in achieving 
a low morbidity and mortality by the blunt dissection method. His mor- 
tality is less than one third of the world-wide mortality for esophagectomy, 
which has been variously reported between 30 and 35%. He has applied 
this procedure to lesions seemingly at all levels in varied ages, and to 
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those with serious associated illness. His survival rate is even more en- 
couraging in the light of these considerations. Hopefully, this trend will 
continue as his experience grows and this technique ages. 

I would like to pose two questions. What is your thought about the 
middle third lesion, and do your long-term survivors suffer nutritional 
problems as do many of ours? 


Dr. JOHN W. BAKER, JR. (Closing discussion): I would like to thank 
everyone for his comments. 

In answer to Dr. Skinner’s question, first I appreciate his position in 
this matter. I look forward to larger series of cases managed by blunt 
resection so that honest comparisons can be made between this more 
limited local resection versus en bloc procedures. 

I agree that there must conceptually be a very small cohort of patients 
with esophageal cancer who might benefit from wider local resection. 
We are not able before operation to select these patients with CT scanning 
or other modes, and one hopes that operative surgical judgment will 
allow one to make these decisions. Nonetheless, the greatest determinant 
of survival is node involvement, not extent of resection. 

Secondly, I would answer that only one of our 21 patients with thoracic 
esophageal cancer was a nonfunctional LC.U. patient in the postoperative 
period. That patient suffered a stroke, but all other patients left the hospital 
and were independent and reasonably well up to 14 years, with some 
long-term survivors, 
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In response to Dr. Parker’s remarks, I come from a tradition of radical 
en bloc resection for cancer, and it is emotionally difficult for me to 
disagree with him; however, I am impressed with the survival in these 
patients, their postoperative course, and the low morbidity of this pro- 
cedure. I think also that the NSABP studies have to raise questions in 
all of our minds as to the effectiveness of node dissection as a treatment 
for cancer. It is a radical notion and a radical departure from our thinking, 
but one that we should consider. As regards treatment of esophageal 
cancer for cure, I am certainly in favor of that. I am also a great believer 
that the greatest complication of surgery for esophageal cancer is early 
postoperative death, and, in my experience and as Dr. Gregorie has 
mentioned in his, the road of esophageal surgery is strewn with many 
leaks and much postoperative catastrophe. Again, my personal feeling 
about this series of patients is that they do dramatically better than the 
patients that I manage by open exploration. 

I would say to Dr. Gregorie in response to his questions about the 
middle third cancer that I believe that, if a patient has a contained middle 
third lesion, one will cure it; if the lesion is biologically not contained, 
a wide radical resection is not likely to cure it. 

We do not have enough long-term survivors to address long-term 
nutritional status; yet I am impressed that most of these patients do very 
well and maintain their weight nicely. 

Again, I would like to thank this association for membership and for 
allowing me the privilege of the floor. 
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To evaluate function of the normal and pathologic esophageal 
body under more physiologic conditions than those utilized for 
traditional laboratory testing, manometry was performed before 
and during eating using a catheter assembly containing three 
peripheral transducers. Studies were evaluated from seven normal 
volunteers, 18 typical achalasia patients (eight before and 10 
after esophagomyotomy), and eight patients with diffuse esoph- 
ageal spasm (DES) as characterized by frequent simultaneous 
and repetitive contractions. In the preprandial period, all had 
similar frequencies of esophageal contractions, although there 
was a wide range. During eating, the frequency of contractions 
increased in all groups; however, the contraction frequency in 
unoperated achalasia patients, 12.7 + 5.0 contractions/min, sig- 
nificantly exceeded the frequency in normal volunteers of 4.9 
+ 1.3 contractions/min, p < 0.01. The frequency was lower in 
operated achalasia patients, 9.4 + 6.5 contractions/min, but still 
exceeded that of normal! volunteers, p < 0.01. Patients with DES 
also had more frequent contractions, 10.5 + 9.7 contractions/ 
min, than did the normal volunteers, p < 0.01. The mean pressure 
of esophageal contractions for both achalasia groups was similar 
and was significantly lower than for the normal volunteers. Pres- 
sure in the DES patients was intermediate. It is concluded that 
patients with achalasia have lower pressure but more frequent 
contractions than normal volunteers during eating, and this 
spasm-like activity may be a more important pathophysiologic 
factor in their dysphagia than previously recognized. Esopha- 
gomyotomy does decrease the frequency of these contractions. 
Frequency, but not pressure, of contractions differs from normal 
in patients with DES. 


RADITIONAL MANOMETRIC EVALUATION of esoph- 
ageal function is performed in an esophageal 
function laboratory environment in a fasted, su- 

pine patient who swallows only on command. Although 
this provides a controlled setting for this investigation, it 





Presented at the 97th Annual Meeting of the Southern Surgical As- 
sociation, Hot Springs, Virginia, December 1-4, 1985. 

Supported by a grant from the Triad Trust. 

Reprint requests: Alex G. Little, M.D., Department of Surgery, Box 
168, The University of Chicago, 5841 S. Maryland Avenue, Chicago, IL 
60637. 

Submitted for publication: December 6, 1985. 


500 


From the Department of Surgery, The University 
of Chicago Hospitals, Chicago, Illinois 





must be described as nonphysiologic. We performed our 
study to evaluate function of the normal and the patho- 
logic esophageal body under more physiologic conditions. 
Symptoms in patients with disorders of esophageal func- 
tion are usually related to eating, and therefore the focus 
of our investigation was the function of esophageal body 
during this period. 


Methods 


The study group was comprised of seven asymptomatic, 
normal volunteers and 23 patients with motility disorders 
characterized on the basis of standard esophageal labo- 
ratory manometric techniques and definitions. Eight pa- 
tients had disorders that were characterized by frequent 
simultaneous and repetitive contractions, although oc- 
casional peristaltic waves were present in all. These rel- 
atively nonspecific findings may be described as diffuse 
esophageal spasm (DES), using current definitions.' The 
final group was composed of 15 patients with classic man- 
ometric criteria of achalasia.? None had esophageal peri- 
stalsis, i.e., all contractions were simultaneous, and there 
was abnormal lower esophageal high pressure zone 
(LEHPZ) relaxation, as none had normal or complete 
relaxation with swallowing. Five were studied before sur- 
gery, seven after surgery, and three both before and after. 
Surgery consisted of complete mobilization of the hiatus, 
long esophagomyotomy from the aortic arch to the stom- 
ach, across the gastroesophageal junction, and a Belsey 
Mark IV antireflux procedure. 

Esophageal function laboratory manometric evaluation 
was performed in standard fashion, using a water perfused, 
triple lumen catheter assembly, which was passed through 
the nares and into the stomach and withdrawn in 0.5 cm 
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increments. Each catheter lumen had 3 mm side openings 
separated by 5 cm, and each was connected to a P231ID 
Statham pressure transducer (Gould Med Products, Ox- 
nard, CA) referenced to the esophagus. Pressure tracings 


were recorded on a 7754 B Hewlett-Packard (Naperville, 


= 
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IL) motility recorder. The patient was fasted overnight 
prior to the study, which was performed in the supine 
position. 

For our physiologic evaluation, a P31-308 Konigsberg 
catheter assembly (Konigsberg Instruments, Pasadena, 
CA), containing three peripheral P31-6 transducers, was 
used. Transducers were separated by 5 cm, and the lowest 
transducer was positioned 3 cm proximal to the LEHPZ. 
Following catheter insertion, patients were returned to 
their room where monitoring was carried out. Monitoring 
began ‘15 minutes prior to a normal meal and was con- 


tinued during the meal and for 15 minutes afterward. All’ 


symptoms were noted on and correlated with the man- 
ometric tracing from the Hewlett-Packard recorder. The 
tracings were analyzed to determine the frequency and 
pressure of esophageal contractions prior to and while 
eating. 

This study was approved by the Clinical Investigation 
Committee of The University of Chicago Medical Center. 
The procedures followed were in accord with the ethical 
standards of this committee. Statistical comparisons were 
performed using Student’s t-test. 


Results 


As showï in Table 1, normal volunteers had less fre- 
quent preprandial contractions than did other groups, but 
there was no statistical significance because of the wide 
range of values. The frequency of contractions increased 
in all groups while eating, and this was a statistically sig- 
nificant iùcrease for the normals and the achalasia pa- 
tients, p < 0.05. More importantly, during the meal, the 
frequency of esophageal contractions was significantly 
greater for all three pathologic groups than for normal 
volunteers (Fig. 1). Esophagomyotomy decreased the fre- 
quency of contractions in the achalasia patients from 12. 7 
+ 5.0 contractions/min to 9.4 + 6.5 contractions/min, 
but this was not a significant difference. Both achalasia 
groups differed significantly from normal volunteers who 
had 4.9 + 1.3 contractions/min, p < 0.01 for both com- 
parisons. The frequency of the simultaneous contractions 
in the DES group, 10.5 + 9.7, also differed from normal 
volunteers, p < 0.01. Finally, the mean contraction pres- 
sure was significantly greater, p < 0.05, in normal vol- 
unteers, 49.2 + 21.5 mmHg, than for both achalasia 
groups; the pressure for unoperated achalasia patients was 
26.8 + 16.1 mmHg and was 26.0 + 9.1 mmHg in the 
patients with a previous myotomy. 

In addition to the increased number of esophageal con- 
tractions, all eight achalasia patients studied before long 
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TABLE 1. Esophageal Contractions: Results of Physiologic 
Esophageal Manometric Evaluation 
Eating 
Before Fating “Pressure 
y #/Minute #/Minute (mmHg) 
Normals 1.7+0.9 4.9 + 1.3* 49.2 + 21.5t 
Achalasia 
(pre-op) 3.14 2.7 12.7 + 5.0 26.8 + 16.1 
Achalasia tn teh 
(post-op) 5.3 + 5.9 94+ 6.5 26.0 + 9.1 
DES 4.3472 10.5 + 9.7 35.0 + 19.0 





* p< 0.01 vys. all other groups. 
t+ p < 0.05 vs. both achalasia groups. 


esophagomyotomy demonstrated a sustained increase in 
esophageal baseline pressure of between five and 10 
mmHg during eating. This phenomenon was not seen in 
the normal volunteers, the DES patients, nor in achalasia 
patients after long myotomy. This pressure rise took sev- 
eral minutes to develop in six of the eight patients but 
occurred within seconds of commencement of eating in 
the other two patients. 

Four of the eight patients with DES were evaluated 
because of chest pain. Despite the fact that the monitoring 
period was extended to 24 hours, in only one patient did 
any episode of pain correlate with the presence of pro- 
longed or high pressure contractions; and the correlation 
was inconsistent even in that patient (Fig. 2). The average 
contraction pressure for the group, 35.0 + 19.0 mmHg, 
was intermediate between the normal volunteers and the 
achalasia patients, but these differences were not signifi- 
cant. 

Discussion 

The introduction of esophageal diagnostic techniques 
into physiologic settings has been responsible for impor- 
tant advances in the understanding of esophageal physi- 
ology and pathophysiology. The use of esophageal pH 
monitoring to detect and quantitate acid gastroesophageal 
reflux during normal activity is a prime example. 3 More 
tecently, utilization of peripheral transducer, rather than 
water perfused, catheter systems to evaluate esophagedl 
function under physiologic conditions has provided im- 
portant insight into LEHPZ behavior in normal volun- 
teers and in patients with pathologic acid gastroesophageal 
reflux.* This type of catheter assembly avoids the necessity 
for infusing a large volume of water. Also, the periphéral 
transducers do not need to be at the same level; thus, the 
patient is able to remain upright and eat normally. A pre- 
liminary investigation validated this technique for analysis 
of esophageal body function,’ and the intent of this study 
was to apply these principles to the evaluation of normal 
esophageal body function and of patients with motility 
disorders. 
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Fics. 1A~D. Manometric tracings from a normal volunteer. 4. This tracing shows the activity in a normal person at rest. Esophageal contractions 
are infrequent but, when they occur, are all peristaltic. B. Manometric tracings from the same patient while eating a normal meal. Esophageal 
contractions are more frequent, but all are sequential and peristaltic. C. Manometric tracings from a patient with achalasia at rest. Esophageal 
contractions are infrequent but, in contrast to the normal, are all simultaneous and nonpropulsive. D. Manometric tracing from the same patient 
with achalasia while eating a normal meal. Esophageal contractions are more frequent than that of the normal volunteer and are all nonperistaltic 


or simultaneous. 


It is certainly not surprising to discover by this tech- 
nique of physiologic manometric examination that 
esophageal contractions are more frequent while eating. 
Obviously, this is due to swallowing. This increase in fre- 
quency of contractions, however, is significantly greater 
than normal in all three of our groups with motility dis- 
orders. The cause of this activity, which is spasm-like in 
the sense of abnormal muscular contractions, is not clear. 
This activity does resemble the reaction seen when acha!- 
asia patients are given cholinergic agents, i.e., the phe- 
nomenon of Cannon’s law of denervation hypersensitivity 
is demonstrated. Therefore, it may be the result of the 
functionally denervated esophagus responding to hor- 
mones or neurotransmitters released during eating. Al- 
ternatively, it may be a local response to distention and 
stretch of the sarcomeres of the esophageal muscular wall. 

Whatever the mechanism, these data suggest that ab- 
normal esophageal body function can have a role in caus- 
ing dysphagia. The usual focus in achalasia patients is the 
abnormal LEHPZ. The assumption is that the esophagus 


fills with food and the hydrostatic pressure generated by 
the column eventually forces food through the incom- 
pletely relaxing LEHPZ. However, this hypothesis pre- 
supposes that the esophagus acts as an inert tube. This is 
not the case. The frequently contracting esophagus, with 
all contractions being simultaneous, inhibits passage of 
food. This is corroborated by a study, using radioisotope 
swallows, that shows shuttling of food within the esoph- 
ageal body in patients with achalasia.® Achalasia patients 
do have lower pressure contractions than normal volun- 
teers. However, it is not the pressure that is responsible 
for the interference with normal function but the simul- 
taneous and frequent nature of these contractions. 

The cause of the rise in esophageal baseline pressure, 
which is abolished by long myotomy, is not clear. When 
it occurs gradually, it is probably due to the rising hydro- 
static pressure in the esophageal chamber, but increased 
tone of the esophageal muscle in response to stimulation, 
especially when the rise is sudden, may also contribute. 
This rise in baseline pressure in the esophageal body, 
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Fics. 2A and B. Manometric tracing ftom a patient with diffuse esophageal spasm (DES). A, While eating, the patient records an episode of “bad 
chest pain” as ah esophageal contraction occurs. B. Same patient while eating the sarne meal has other contractions that are neither qualitatively 
nor quantitatively different from the previous contractions but are not associated with pain. 


A 
` which is abolished by long esophagomyotomy, may also 


contribute to the patient’s dysphagia. 

Patients with motility disorders characterized by fre- 
quent simultaneous and repetitive contractions, but with 
occasional peristalsis, fulfill the criteria that are presently 
utilized for DES. Our finding is that the motility in these 
patients changes in ways similar to achalasia patients while 
eating; the frequency of contractions significantly exceeds 
normal patients. The esophageal contraction pressure, 
however; is more similar to that of normal volunteers 
than to that of achalasia patients. These observations add 
some strength to the supposition that DES and achalasia 
are simply different points on a spectrum of the same 
me «disorder. 

` Clinicians attempting to formulate therapy for patients 
with diffuse spasm are typically frustrated by the inability 
to correlate the chest pain in patients with DES with ab- 
normal esophageal contractions during routine mdnom- 
etry. We had hoped that prolonged monitoring would un- 
cover more episodes of pain coinciding with abnormal 
contractions; however, this was not the case. The étiology 
of the chest pain in these patients remains unclear. 

One clinical implication of our findings is that patients 
undergoing esophagomyotomy for dysphagia caused by 


DISCUSSION 


Dr. JAMES F. LND (Norfolk, Virginia): This was a most interesting 
paper and it was an interesting technique, ánd I thank Dr. Skinner and 


# his group for allowing me the opportunity of reviewing this paper and 
discussing 


it, 
The interesting finding in this study was that, in addition to failure of 
relaxation of the lower esophageal sphincter, an increase in the intra- 
esophageal pressure in the body of the esophagus might, indeed, be a 


esophageal motility disordérs should have the myotomy 
éxtended further proximally thar is now standard practice. 

Proximal extension of the myotomy will diminish the 
ability of the esophagus to continue to produce this spasm- 

like activity, render it a more inert tube, and abolish the 
rise in baseline pressure associated with eating. Greater 
experience with evaluation of patients before and after 
surgery is tequired, however, before this speculation can 
be unreservedly endorsed. 
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factor in dysphagia i in patients with achalasia. The question remains, 
however, how much of the increase in pressure in the body of the esoph- 
agus was due to the increase in hydrostatic pressure associated with eating 
and/or to the intrinsic contraction of the smooth muscle? 

I was hoping that this study might answer a dilemma in investigating 
patients with difflise esophageal spasm. Using the standard tests of ma- 
nometry, it has been very difficult and inconsistent to reproduce the 
motility findings in diffuse spasm as well as the correlation of pain with 
disorders of motility. There are, therefore, several questions remaining. 
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First of all, one of the problems is the classification of disorders of 
motor function in the syndrome of so-called diffuse spasm. We do know 
that some patients with diffuse spasm eventually go on to develop achal- 
asia, but | would ask Drs. Skinner and Little, are they all part of the 
same syndrome? 

Secondly, what is the cause of pain in diffuse spasm? We do know 
that pain is not always related to the development of changes in motor 
function; some patients continue to have pain even after extended 
esophageal myotomy. 

Thirdly, it raises the question about what is the optimum management 
for patients with diffuse spasm. 

T enjoyed the paper, and thank you very much for the opportunity of 
discussing it. 


Dr. C. THOMAS BOMBECK (Chicago, Illinois): 1, too, would like to 
congratulate Drs. Little and Skinner for an absolutely elegant study in 
what is really a very, very difficult area to try and sort out the treatment 
of patients with the motility disorders of the esophagus. I think the dif- 
ficulty in dealing with these is quite plainly what has been alluded to by 
both Drs. Lind and Skinner—that we are not really quite sure where 
one motility disorder leaves off and the next one begins, and, in point 
of fact, they probably overlap each other considerably. 

That brings up my first question regarding the treatment of patients 
with achalasia. Most people would now agree that there are probably 
two fairly clearly differentiated types of achalasia—that which is either 
active or vigorous or the spastic form of achalasia, and that which is 
associated with total decompensation and dilatation of the esophagus. 1 
did not see any distinction in this series of patients as to which was 
which, and I do think it would make a difference in the final results 
because, if one is dealing with all decompensated achalasia, then I would 
be very much impressed with the change in the frequency of contractions 
since there usually are none as opposed to spastic achalasia in which 
they are very frequently present. 

The next thing I noticed in the data that were presented, and Dr. 
Skinner mentioned it, indeed, in talking about his last data slide, was 
that in the normal patients the increase in peristalsis that occurs during 
eating is initiated as a primary peristaltic wave during a swallow. 

He did not mention what was initiated by a swallow and what was 
not in talking about the patients with achalasia. We have noted, for 
instance, that certainly there is an increased frequency of spastic con- 
tractions in the patients with achalasia, but this can be markedly aggra- 
vated by swallowing as would occur during eating. 

Furthermore, it is a well-known phenomenon that in a patient with 
dysphagia who has swallowed something that he cannot pass through 
his esophagus, he will attempt to pass it by further increased frequency 
of swallowing. 

Thus, was swallowing measured and was it correlated in all of these 
groups of patients? 

Finally, one of the common phenomena that we have noted is the so- 
called common cavity effect in attempting to do motility studies in pa- 
tients with either diffuse esophageal spasm or, more especially, mechanical 
obstruction of the esophagus. The common cavity effect is noted when 
one has three or four staggered transducers present in the esophagus. 
The patient swallows or something happens to initiate a contraction 
anywhere in the esophagus, and that contraction pressure is then trans- 
mitted hydraulically throughout the body of the esophagus, and so appears 
as a simultaneous contraction on all the pressure transducers. In point 
of fact, the contraction may either be in one spot only or it may be a 
true peristaltic contraction. Thus, my next question is: Was there any 
change or was there any appearance of conductive or progressive peri- 
staltic contractions in patients after the operation as opposed to patients 
before operation? 
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My persona! opinion is that because there is such an overlap between 
diffuse spasm and achalasia, in some patients with achalasia, there may 
be a very small percentage of conducted contractions, and this percentage 
possibly goes up markedly when one does an appropriate operation on 
them by getting rid of the common cavity effect. 


Dr. ALEX G. LiTTLE (Closing discussion): I would like to thank the 
discussants for bringing up some very important and interesting points. 
I wish I knew the answers to all of them. 

Dr. Lind asked some questions about the increased baseline pressure, 
whether that was due to hydrostatic filling or the muscular activity of 
the esophageal body. 

There were two patients in whom the baseline pressure increased im- 
mediately on the very first swallow, long before there was any chance 
for the esophagus to fill. So, in those two patients, the immediate pressure 
rise was clearly only the muscular activity. In the other six patients, the 
rise was more gradual. It clearly was related in part to simple filling up 
of the esophagus. 

Drs. Lind and Bombeck raised the issue of the definitions of all motility 
disorders. Where does one end and the other one begin? I think that is 
in large part the problem that encouraged Dr. Skinner to lead me into 
this area, which is, in dealing with functional disorders as surgeons in 
which we have to think about ways to alter the function of an organ 
rather than ablate it and replace it with something else, when these hair- 
splitting definitions become not only important, but critical. Those of 
you who keep up with the gastroenterological literature know that the 
definitions change about as fast as a new journal can come out. I think 
what we need, and I am not sure our technique is going to be the answer, 
are new ways to define physiologic function and perhaps alter our present 
definitions, and our study is a step in that direction. 

Dr. Lind asked about selection of patients with diffuse spasm for op- 
eration and what type of operation to perform. There is a poor correlation, 
even with very prolonged monitoring, between abnormal contractions 
and the occurrence of pain, and this explains the inconsistent surgical 
results in this area. It is my feeling that, if you are going to operate, the 
long myotomy is the operation to perform, because that decreases, to 
some extent, the frequency of contractions. We are very cautious about 
operating on these patients for pain alone. When dysphagia, particularly 
very bothersome dysphagia, is a part of the syndrome, then we are more 
prone to operate. 

Dr. Bombeck, again in the area of definitions, wanted to know what 
types of patients we had, that is, whether they were the vigorous or so- 
called spastic achalasia patients or the most classical ones with very few 
and low pressure contractions. None of our patients would be classified 
as having vigorous achalasia, although we might argue over one or two. 
I think that what is so interesting about this is that these are patients 
with low pressure contractions during standard monometry who had 
this very spastic type of activity. | would point out that it is the frequency 
of contractions that is increased, although there is also a baseline rise in 
pressure. The pressure of the contractions themselves is very low; thus, 
our focus is on their frequency and the rise in baseline pressure, not in 
increased pressure of the esophageal contractions. 

Finally, there is a very interesting subject, that of whether there is any 
return of peristalsis after an effective long myotomy. We have had two 
patients in whom in the proximal esophagus you can see return of peri- 
stalsis. We have not yet seen any patients with a return of peristalsis 
through the entire esophageal body, which I think suggests that it is not 
only acommon cavity phenomenon, but it is a basic motor abnormality. 

I would like to thank the society for the privilege of closing the dis- 
cussion. 
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Helps you manage all aspects of diseases 
and surgery of the anus, rectum and colon 


COLON AND RECTAL SURGERY is a comprehensive and 
abundantly illustrated text/atlas providing an organized 
approach to the diagnosis and treatment of the more 
common conditions affecting the anus, rectum and colon. 
Many esoteric and unusual problems are also discussed; and 
each chapter contains an extensive bibliography directing you 
to further study. 


=... uniform excellent quality throughout . . . The extensive 

od illustrations, some of which are in color, are extremely helpful. 
The bibliography is unusually complete and contains many ref- 
erences to recent articles. The author is to be congratulated for 
the wealth of material that he has been able to encompass in this 
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The single authorship, unique in so comprehensive a text, 
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complications and their management, and dermatologic 
anal problems. 
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Achalasia of the Esophagus 


Treatment Controversies and the Method of Choice 





PHILIP E. DONAHUE, M.D." 
SCOTT SAMELSON, M.D.t 





During a 15-year period, 62 patients were treated for. achalasia 
of the esophagus. Pneumatic dilation (PD) had beet performed 
initially in 46 and was successful in 23; failures were due to acute 
perforation of the esophagus, persistent dysphagia, or pathologic 
gastroesophageal reflux. Esophagomygtomy alone ŒM) was 
performed in 19 individuals resulting in definite improvement in 
12; four patients had’ moderate reflux or dysphagia, and three 
of these required another surgical procedure. An extended my- 
otomy with an antireflux procedure (M-NF) was performed in 
13 patients with symptomatic relief in 12; one patient required 
reconstruction of a too-tight fundoplication that caused persistent 
dysphagia. The advaritages of pneumatic dilation were thé ease 
of performance, patient acceptability, arid an overall efficacy of 
50%. Definitiye surgical therapy, while more predictably effective 
in relieving dysphagia, was considerably more expensive in terms 
of patient discomfort and time. When pathologic reflux ` was 
present following a previous procedure, the M-NF was per- 
formed; obstruction of the esophagus did not occur if the fun- 
doplication was “floppy.” The M-NF deserves consideration ás 
the surgical procedure of choice for achalasia. 


CHALASIA OF THE ESOPHAGUS is a disease of un- 
known etidlogy that ixiterferes with esophageal 
emptying. Palliative treatment is usually rec- 

ommended when symptoms of dysphagia cause persistent 
difficulty, when complications such as pulmonary aspi- 
ration are noted, or when the esophagus shows evidence 
of decompensation as shown by dilatation of the body of 
the esophagus. All available tréatment options weaken or 
divide the dysfunctional lower esophageal sphincter mus- 
cles, thereby facilitating gravity-induced swallowing;'” 
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From the University of illinois at Chicago, College of 
Medicine, Departments of Medicine and Surgery, and the 
Veterans Administration West Side Medical Center, 
Chicago, Iflinols 


The present stiidy was performed to compare several 
of the treatments for achalasia commonly employed in 
order to determine the optimal approach in terms of risk 
and discomfort. Pneumatic dilation (PD), esophagomy- 
otomy (EM), and extended myotomy with fundoplication 
(M-NF) were the procedures employed. 


Patients and Methods 

Between 1970 and 1985, 62 patients with achalasia of 
the esophagus were seen in consultation or treated at the 
University of Ilinois Medical Center and the West Side 
Veterans Administration Medical Center in Chicago (Ta- 
ble 1). There were 43 men and 19 women, and the ma- 
jority of men were greater than 50 years of age (Table 2). 
The diagnosis of achalasia was usually based on the com- 
bination of radiographic and motility findings, and en- 
doscopic investigations were performed in any patient 
greater than 30 years of age, with an abrupt onset of 
symptoms, or with any suspicion of infiltrative lesions at 
the cardia. The patierits reported in this series include 
only thase in whom a specific treatment was undertaken. 
Many of the PDs were performed elsewhere, and patients 
referred to the medical center represented the subgroup 
with persistent complaints; therefore, the results of PD 
are biased toward treatment failure. Almost all of the de- 
finitive surgical procedures were performed at the Uni- 
versity of Ilinois ot the West Side Veterans Administra- 
tion Hospitals; the three patients with cardioplasty had 
been operated on elsewhere. Patients often had the pri- 
miary PD performed elsewhere and, when referred to the 
medical center, had already been selected as candidates 
for a formal surgical procedure by their primary physician. 
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TABLE |. Achalasia: Age Distribution at Time of Treatment 


DONAHUE AND OTHERS 





11-19 20-29 30-39 40-49 50-59 60-69 270 





Male (43) l 6 6 9 10 7 4 
Female (19) ji 2 5 8 I 1 1 





Procedures Employed 
Pneumatic Dilation 


The Mosher bag pneumatic dilator was employed for 
PD at our medical center and was inflated within the gas- 
troesophageal junction under fluoroscopic control; usu- 
ally, a single abrupt distention of the esophagus was per- 
formed with a 4.5 cm bag at 12-15 pounds pressure for 
a period of 2-10 minutes. Forty-six patients had one to 
four dilation procedures; those having subsequent surgi- 
cal procedures were followed for | to 15 years after the 
first PD. 


Esophagomyotomy (Fig. 1) 


A modified Heller cardiomyotomy was performed via 
left posterolateral thoracotomy in the eighth intercostal 
space. The mediastinal pleura was incised and the esoph- 
agus identified, with care to avoid the vagus nerve 
branches. After distention of the esophagus with a 50 F 
dilator, the constricted lower esophageal segment was 
identified, and longitudinal incision of the longitudinal 
and circular muscle of the esophagus was performed. 
There was no systematic reconstruction of the antireflux 
mechanism at the gastroesophageal junction following the 
myotomy, which extended approximately 5 mm distal to 
the gastroesophageal junction. The submucosal plane was 
identified, and the muscles were dissected laterally to ex- 
pose 180° of the esophageal circumference. Nineteen pa- 
tients had esophageal myotomy, with an average 4-year 
follow-up. 


Extended Myotomy + Floppy Fundoplication (Figs. 2 
and 3) 


The abdominal approach was utilized, and, after iden- 
tification of the vagus nerves and entry into the peri- 
esophageal space,? the hypertrophied lower esophageal 


TABLE 2. Achalasia: Postoperative Results 








(N) Good Fair Poor 
Pneumatic dilation (46) 18 5 23 (2)* 
Heller myotomy (19) 12 4 3 
Extended myotomy 
+ fundoplication (13) ll 1 1 
Cardioplasty or long 
myotomy alone (A) 4 





* Acute perforation. 
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Outer longitudinal m. 






Inner circular m. 


o 
Gastroesophageal 
junction 


Fic. 1. Esophageal myotomy is performed from the esophagogastric 
Junction below to the distended esophagus above, on the left anterolateral 
surface of the esophagus. The esophagus is distended with a 50 F bougie 
prior to myotomy, and, after incision of the muscle, the submucosal 
plane is dissected to allow circa 50% of the wall of the esophagus to be 
free of constricting muscie. Care is taken at the lower end not to divide 
“too much” of the antireflux mechanism. 


segment was identified. After distention of the constricted 
segment with a 50 F dilator, the myotomy was performed 
as described above; however, the inferior boundary of dis- 
section was a point 3-4 cm below the gastroesophageal 
junction. Following the myotomy, the crura of the dia- 
phragm were reapproximated, and a floppy fundoplication 
performed as previously described (Fig. 4).4 The gastric 
myotomy was completely covered by the wrap at the con- 
clusion of the procedure. Silver clips were then applied 
to three areas to facilitate later radiographic evaluation of 
the gastroesophageal junction: two small clips at the prox- 
imal margin of myotomyy, one large clip at the top-left of 
the fundoplication, and one small clip at the bottom-right 
of the fundoplication (Fig. 3).° Thirteen patients had ex- 
tended myotomy and floppy fundoplication and were fol- 
lowed for an average period of 6 years. 


Cardioplasty 


Three patients had received cardioplasty at other in- 
stitutions between 1950 and 1970 and were followed in 
our outpatient clinic. Each of these patients had free gas- 
troesophageal reflux and esophagitis. 


Extended Myotomy Alone 


One patient sustained intraoperative complications 
during a planned M-NF (perforation of the esophageal 
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mucosa). The surgeon elected to close the perforation with 
an omental buttress and did not perform an antireflux 
procedure. 


Results 


Postoperative assessments were performed by a com- 
bination of clinical and objective assessments; the use of 
broad clinical categories (“good,” “fair,” and “poor”) in 
describing results is necessitated by the subjective nature 
of many observations. Patients with a good result were 
asymptomatic or had only occasional complaints. Fair 
results after PD or EM include a mixed group with either 
inadequate myotomy and residual dysphagia or with too- 
effective myotomy and secondary gastroesophageal reflux. 
Patients with a poor result were those in whom additional 
surgical therapy was performed or in whom the patient 
decided against treatment despite definite indications for 
further therapy. Additionally, several patients were so in- 
firm that they were not candidates for elective surgical 
procedures. 

Since the techniques for evaluating esophageal emp- 
tying and quantitating gastroesophageal reflux have been 
in evolution during the period of this study, all of the 





Fic. 2. Extended myotomy plus fundoplication is performed via an ab- 
dominal approach. The cephalad extent of dissection is determined by 
the level of distended esophagus, while the caudad extent is defined by 
a point 3 cm distal to the gastroesophageal junction. The presence of a 
50 F bougie within the esophagus allows the submucosal plane to split 
open spontaneously after the circular muscle has been divided. Prelim- 
inary to fundoplication, the upper two or three short gastric vessels are 
divided. f 
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BREZ 


Fic. 3. The floppy wrap is completed, and metallic clips are placed as 
shown to define the upper limit of myotomy (two small clips), the top 
left of the wrap (one large clip), and the bottom right of the fundoplication 
(one small clip). The gastric myotomy is completely covered by the pli- 
cated anterior gastric wall. 


patients have not had 24-hour pH monitoring or radio- 
nuclide swallows, and the precise incidence of reflux is 
unknown. Symptomatic improvement did not correlate 
with changes in the radiographic appearance of the 
esophagus or with changes in the measured radionuclide 
clearance studies. Postoperative motility studies were per- 
formed in those patients with serious dysphagia, stricture 
at the gastroesophageal junction, or symptoms consistent 
with gastroesophageal reflux. The average lower esopha- 
geal sphincter (LES) pressure following M-NF was less 
than the average 20 mmHg in control patients in our 
clinic. One individual had M-NF for free gastroesophageal 
reflux following PD; pre- and postoperative LES pressure 
measurements were unchanged (19 and 20 mmHg, re- 
spectively) and reflux abated. 


Pneumatic Dilation (Tables 2-4) 


Since many dilations were performed in other clinics, 
the technique of and end-points for dilation therapy are 






No. 15 
Cervical dilator 


rey aie 


Stomach 


18 fr. 
gastric tube 


/ Son 
Esophagus —/ bougie 


Fic. 4. The floppy wrap is made as loose as possible, as shown by the 
inset of the distended esophagus. It is impossible to make a fundoplication 
too loose. 


not specified for these individuals. Similarly, it is impos- 
sible to determine the true incidence of failure after PD 
simce patients successfully treated at the referring clinic 
were not sent for further treatment. The 23 patients with 
poor results included the two with perforations and 21 
with recurrent/persistent dysphagia or pathologic gastro- 
esophageal reflux. Free gastroesophageal reflux was un- 
commonly recognized; one individual had massive hem- 
orthage from esophagitis in the early post-PD interval, 
and one had erosive esophagitis that required M-NF. 
Long-term success was usually achieved by the first or 
second PD, while antecedent PD did not compromise 
the success of subsequent surgical procedures (Tables 3 
anc 4). 


Esophageal Myotomy (Table 2) 


Complaints of dysphagia were the most common find- 
ing in those with fair or poor results after myotomy alone. 


TABLE 3. Surgical Results: Antecedent Dilation 








(N) Good Fair Poor 
Heller myotomy (12) J 2 3 
Extended myctomy 
~ fundoplication (8) 6 i I 
Cardieplasty (2) I i 
Long myotomy (1) l 
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TABLE 4. Outcomes vs. Number of Pneumatic Dilations 
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Good Fair Poor 
(18/46) (5) (23)* 
14 15 [2] 

4 [2] 


3 
4 1 
1 


1 
3u] 


IN e 
purn 





* Surgical revision advised. [Refused further therapy]. 


Heartburn, belching and obvious reflux of sour-tasting 
gastric contents were a serious problem in two patients, 
but eight of the 12 patients with good results had mild 
symptoms consistent with gastroesophageal reflux. One 
patient had persistent dysphagia due to periesophageal 
fibrosis; this individual had had perforation of the esoph- 
ageal mucosa during a previous esophagomyotomy fol- 
lowed by a persistent sinus tract in the early postoperative 
period (in the tables this patient is considered only once, 
as a failed EM). 


Extended Myotomy with Fundoplication (Table 2) 


Twelve of 13 had satisfactory relief of preoperative 
symptoms. The one failure was a patient with persistent 
dysphagia who subsequently had revision of the M-NF at 
another medical center. One other patient with pre-ex- 
isting esophageal stricture (following earlier PD) had no 
symptoms, but the results were considered fair because 
of persistence of the stricture; perhaps the inclusion of 
this individual in the “fair” category is misleading. 


Cardioplasty (Table 2) 


There were no long-term successes in patients who had 
operative construction of a free communication between 
the esophagus and the stomach. One patient had stricture 
at the gastroesophageal junction, one had Barrett’s esoph- 
agus with eventual progression to adenocarcinoma, and 
one had persistent serious dysphagia. 


Long Myotomy Alone (Table 2) 


This individual had severe esophagitis with hemorrhage 
during the 6 months following the operation and required 
surgical therapy elsewhere. 


Discussion 


The ultimate success of any procedure depends on the 
composite analysis of morbidity and mortality figures, 
patient satisfaction and long-term efficacy. 

The reason for the difficulty in arriving at consensus 
regarding therapy is that multivariate analysis simply does 
not show a clear advantage for any one treatment from 
a medical point of view. First, since all of the treatments 
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are palliative and esophageal emptying after therapy is 
completely dependent on gravity, residual dysphagia of 
some degree is anticipated, even though unwelcome. Sec- 
ondly, because there are no objective end-points such as 
tumor recurrence or death, the analysis of success or fail- 
ure depends on subjective data in many instances and is 
therefore imprecise. The newer modalities of assessing the 
efficacy of esophageal emptying, furthermore, do not ap- 
pear to provide more reliable information than the clinical 
history has in the past. 

Although several groups have shown that effective PD 
results in a circa 60% decrease in LES pressure, the change 
in pressure alone does not guarantee a successful out- 
come.” Radionuclide esophageal emptying studies have 
proven less satisfactory than a clinical history in predicting 
which patients will agree to further therapy for their disease 
process. For example, when Holloway et al. evaluated 
esophageal emptying with a radionuclide labeled solid 
meal in typical patients, they found a correlation between 
the percentage change in lower esophageal sphincter pres- 
sure and percentage change in esophageal emptying, and 
between both these measurements and an interview-based 
esophageal symptom score.’ However, there was enough 
scatter in the data to prevent prediction of an individual’s 
success based on a test result; furthermore, no patient was 
willing to undergo further treatment based on the outcome 
of the test. 

As to the comparison of data from different medical 
centers, there are several considerations that warrant at- 
tention: differences in the technique of PD, different 


opinions about the operation of choice, variations in op- . 


erative technique, and different lengths of follow-up.*"!* 


This last consideration is of some importance, since the 
success reported with pneumatic dilation may tend to be 
overestimated in reports with relatively short follow-up 
periods. Since the pneumatic dilations presented in this 
study were performed in many different clinics, the data 
might not be representative of PD in general; on the other 
hand, since the reported efficacy of PD ranges from 45 to 
75%, our data might best be viewed as the type of result 
that is expected when the techniques are not standard- 
ized.!%1113,14 Tt seems clear, however, that individuals who 
do not improve after several (one or two) dilations are 
unlikely to be improved by subsequent attempts. The pa- 
tients who had operative procedures following PD were 
convinced that something else had to be done if possible 
and had often had more than one dilation before reaching 
that decision. We believe that the success rate of 50% for 
PD, viewed in light of the above considerations, is ac- 
ceptable and attractive. PD is relatively easy to perform, 
is well accepted by the patients, and was done with an 
average hospital stay of 1 day. 

The EM procedures were performed by several different 
clinical services without a rigorous operative protocol; the 
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results after EM were generally good, and even the par- 
tially successful patients rated the dysphagia or heartburn 
as less troublesome than the original complaint. The op- 
eration of esophageal myotomy does have some inherent 
variables that deserve consideration, however, and it is 
sometimes difficult to determine how different surgeons 
have addressed these anatomic details.'~!” Perhaps the 
major difference between the “general” results reported 
after EM and the outstanding results obtained by indi- 
viduals who have been able to standardize their procedure 
in large numbers of patients is the “experience” factor, 
which may include details that are not easily translated 
into the sentence structure of a textbook of surgery or a 
figure legend. Another commonly performed modification 
of esophageal myotomy, the Belsey antireflux procedure, 
was not performed in our clinic during the study period; 
thus, we cannot make specific references to this opera- 
tion.'©!8 We can support, however, the concept that an 
antireflux procedure is of use in patients undergoing op- 
erative therapy for achalasia, since the myotomy must 
disrupt part of the antireflux mechanism if satisfactory 
relief of dysphagia is to be achieved after operation. 

Does an antireflux procedure cause obstruction of an 
aperistaltic esophagus? Although the theoretical possibility 
of interfering with gravity-induced swallowing exists, there 
are no series that have done a rigorous analysis of the 
question. There is agreement that, when an antireflux 
procedure is performed, it must not constrict the gastro- 
esophageal junction; specifically, the concept of the floppy 
fundoplication must be followed.* Importantly, the Nissen 
fundoplication has been performed successfully in patients 
with aperistalsis of the esophagus. For example, Rossetti, 
Menguy, and Duranceau have reported successful appli- 
cation of the Nissen procedure in patients with achalasia 
without causing obstruction of the esophagus. '**! Authors 
favoring the use of antireflux measures uniformly believe 
it is necessary to extend the myotomy onto the stomach 
for several centimeters, and that a complementary anti- 
reflux procedure must not obstruct the esophagus. 

The chance for pathologic reflux is greater if a partial 
fundoplication is performed, as shown by Orringer who 
performed this operation in patients with scleroderma of 
the esophagus. He favored 360° fundoplication, because 
it was more effective in preventing gastroesophageal reflux 
than a partial fundoplication.” 

We believe that the best overall approach to the patient 
with achalasia should involve all of the elements consid- 
ered above, and that an initial (and perhaps a second) 
pneumatic dilation is the initial procedure of choice.!: 
When patients have an adverse outcome following PD, 
they should be offered the possibility of definitive surgical 
therapy; indeed, if properly informed at the initial treat- 
ment, the patient will already be aware that a definitive 
surgical procedure offers an excellent chance for good re- 
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sults. Individuals for whom previous PD has failed or who 
prefer a more effective procedure initially should know 
about all of the surgical alternatives. When pathologic 
gastroesophageal reflux is present, the M-NF is the obvious 
procedure of choice and can be performed with confidence 
that obstruction of the esophagus is a remote possibility. 
In patients with dysphagia, the choice of EM or M-NF 
must depend on the experience and bias of the surgeon; 
both of these procedures are effective, and both are ac- 
ceptable treatments based on all available evidence. Im- 
portantly, esophagomyotomy with fundoplication can be 
successfully performed without obstruction of the esoph- 
agus if a floppy fundoplication is performed. 
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DISCUSSION 


Dr. David B. SKINNER (Chicago, Illinois); Dr. Hutson, | apologize 
for rising again, but it would not have been neighborly to refuse to discuss 
this paper after Dr. Nyhus and colleagues sent me the manuscript and 
asked me to open the discussion. The data obtained by Drs. Donahue, 
Bambeck, et al. are excellent and make a strong case for their approach, 
and the presentation by Dr. Nyhus was both informative and illuminating. 
Net surprisingly, in view of the healthy interchange we have in Chicago 
between our two departments, | generally agree with their thesis and 
their observations. Our approaches are slightly different, but the rationale 
behind them is similar. 

The major controversy in this field is whether to add an antireflux 
repair to the myotomy or not. I think we both are in agreement on the 
need for a long myotomy. In terms of analyzing whether you should 
add an antireflux repair or not, we have looked at those cases that were 
sent to us because they had a failed previous operation for achalasia. I 
have operated on 17 such patients in recent years. Fifteen just had a 
Helier myotomy of the type that Dr. Nyhus described. In seven, the 
reason for reoperation was a peptic stricture from reflux esophagitis, and 
in eight the reason was an inadequate carrying of the myotomy down 
onte the stomach. In those 15 patients out of the 17, reoperation would 
have been avoided had the approach described today been employed at 
the first operation. That is, carry the myotomy onto the stomach, doa 
long myotomy, and then add a fundoplication of some type. 


The other two failures were patients who had a total fundoplication 
but not enough floppiness, and it was made too tight. Actually, one of 
them, I think, may have come from a neighboring institution in Chicago, 
and that points out the only disagreement I have with this paper. That 
is, you can and should do a partial fundoplication as we showed on the 
slide in our earlier paper and avoid the risk of getting the Nissen too 
tight. I have used that operation, long myotomy with partial fundopli- 
cation, now in 35 consecutive primary operations for achalasia, and 
none of them has had to have reoperations for failure of that first operation 
to control his symptoms or reflux. 

I do have a couple of questions. What was the rationale for carrying 
the myotomy so far down onto the stomach? After you knew you were 
actually on the stomach, you went down 3 or 4 cm farther. 

I would like some further comments on this question of pneumatic 
dilatation interfering with further surgery. It depends on whether Dr. 
Nyhus put the fair results from the Heller with the good or with the 
poor. As I looked at his slide, if he lumped fair and poor together, it was 
a 50% failure with a previous pneumatic dilatation. If you lumped fair 
with the good, then the results looked better. Perhaps, the answer relates 
to DRGs, and how many dilatations with a net profit on each does it 
take to make up for the deficit for one good myotomy? 


Dr. ROBERT E. CONDON (Milwaukee, Wisconsin): Let me just take 
a moment to iterate comments that I made last evening and indicate to 
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all of you how delighted I am that you have seen fit to welcome Marcio 
and me into the fellowship of the Southern. We both feel very proud of 
your approbation, and we look forward to a long and happy association. 

I want also to thank Professor Nyhus and company for asking me to 
discuss their paper and for their courtesy in giving me a copy of their 
manuscript this morning so I might have at least a little chance to look 
at it before standing up to discuss the paper. I do not really have any 
major disagreement with the general thrust of their presentation, but I 
would like to raise a slight note of caution and ask a couple of questions. 

We all recognize that achalasia is a very variable disease with a variable 
response to any form of treatment. As Lloyd Nyhus indicated in his 
presentation, their case material contains within it a selection bias toward 
failure of pneumatic dilation as a treatment modality, and so in this 
general context the caution I would like to raise concerns the employment 
of balloon dilation in the management of this disorder. The fact is that 
some patients do very well with balloon dilation. Some of them need 
only a single dilation every couple of years, and they seem to kind of 
stagger along doing reasonably well and get by for a long time, if not 
functionally forever, without the need for an operation. 

On the other hand, there are other patients who do not do well, who 
require repetitive dilations over a relatively short period of time, or who 
decompensate even while they seem to have had relief of their dysphagia 
by a series of balloon dilations. Thus, I would not make any hard and 
fast rule that two dilations are appropriate. I think two is appropriate 
for some patients, but that many more than that may be appropriate for 
occasional patients. ` 

I would support the approach through the abdomen in the treatment 
of this disorder. Having managed cases from both sides of the diaphragm, 
I think I have been personally miore effective using the abdominal ap- 
proach, a long myotomy, which you can carry up all the way to the level 
of the pulmonary veins through the hiatus, and associated loose fun- 
doplication to prevent subsequent postoperative reflux, 

Unlike some other surgeons who deal much more often with this 
disorder, some of whom are members of this Association, I just can not 
seem to hit consistently that very narrow line between an effective my- 
otomy that consistently relieves the dysphagia and never causes reflux, 
and qne where you just step over that very fine line, and the patient has 
reflux after myotomy. Reflux in these patients is a real disaster because 
they cannot clear their esophagus, and they get a roaring esophagitis with 
all of its major complications; thus, this combined approach of an ex- 
tended myotomy combined with a floppy fundoplication, at least in my 
hands, has led to the most success. 


The first question I would like to ask relates somewhat obliquely to . 


this presentation. When is it not appropriate to use the long myotomy 
and floppy fundoplication approach? I have asked that question partic- 
ularly in the context of patients who have a markedly decompensated 
esophagus who come to you with an esophagus filling, if not all, a large 
portion of the right chest. i 

I agree with Dr. Skinner’s interpretation of Professor Nyhus’s data 
that previqus failure of balloon dilation seems to prognosticate a poor 
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result from surgical therapy. Is it really true, Lloyd, that poor results 
with the bag are a predictor of poor results from an operation, and, if 
so, why is that? 


DR. DUANE G. HUTSON (Miami, Florida): I think I will take the 
privilege of the Moderator to ask two questions. 

I frankly do not do this type of surgery, but I recall that, when we 
used to do fundoplications, we had to make the tension on the wrap just 
right or it would wind up around the pylorus. 

I was not sure if you were saying floppy or sloppy there for a while, 
but I would like to ask you if you have had a problem with these floppy 
ones slipping down around the stomach. 

The second thing is, how do you recognize the gastroesophageal junc- 
tion from the outside? You talk about 5 mm. That would seem difficult 
to accomplish. 


Dr. PHILP E. DONAHUE (Closing discussion): I would like to thank 
all the discussants for their kind remarks. I will thank Dr. Hutson for 
letting us reiterate that one should never refer to this as a “sloppy” fun- 
doplication—but instead as a “floppy” fundoplication. 

Several of the discussants alluded to the role of pneumatic dilation 
and how it is performed. The rapidity of distention, the size of the bag 
employed, and the duration of dilation are important variables that were 
not controlled in our study. If they had been, the results may have been 
somewhat better than we report today. 

However, because dilations are performed with relative ease, a max- 
imum 1-day hospitalization, and with expectations of at least 50% success, 
most patients prefer.this initial approach to treatment. 

Dr. Condon’s query about the effect of previous dilations on surgical 
outcomes is an important one. Since patients with mild symptoms were 
usually much better off after operation than prior to surgical intervention, 
we believe the conclusion that dilation does not affect outcomes is jus- 
tifted. 

As to the operation that is chosen, we find the extended myotomy 
desirable just for the reason that Dr. Hutson implied. It is often difficult 
to precisely define the gastroesophageal junction; it is easy to be 5 mm 
short or 5 mm in excess. Extended myotomy extending 3 cm onto the 
stomach allows certainty that all of the obstructing elements for swal- 
lowing bave been removed, fundoplication i is complementary, and, when 
performed in the “floppy” manner, i.e., as loosely as possible, obstruction 
of the esophagus will not occur. 

Are there contraindications for this approach? We do not think so at 
this time. Ten of our 13 patients who had extended myotomy with 
fundoplication had a grossly distended esophagus (10 + 2 cm). In fact, 
extended myotomy with fundoplication is our treatment of choice for 
achalasia. 

On that note, and with a final thank you to my coaythors and the 
society for the privilege of closing this paper, I will conclude. 
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In 1975, a new Silastic® device was developed by the authors to 
be used in the staged reduction of viscera in newborns with giant 
gastroschisis or omphalocele. That device and their early ex- 
perience were described in 1977. This article reports the results 
of use of this device over the past 10 years. Primary closure of 
gastroschisis and omphalocele is accomplished, if possible. Hf 
tension of the closure is too great, the pneumatic bag is attached 
and staged reduction accomplished over 7-8 days. The advan- 
tages of this device are: (1) it is preformed and easily sterilized 
by autoclaving; (2) it is strong enough to elevate the abdominal 
wall; (3) the pneumatic sac eliminates bulky ligatures; (4) when 
it is pulled through a slotted rod, the edges of the defect are 
apposed; and (5) it is available in two sizes. 


CCASIONALLY, the development of a simple 
technique or device produces a marked im- 
provement in therapeutic outcome. In 1967, 

Schuster described a new technique of staged reduction 
of large omphaloceles.' Since then, this technique and 
various modifications have contributed to a marked im- 
provement in the survival rate of infants with large ab- 
dominal wall defects.** Previously, Gross and Blodgett® 
had suggested and then Gross® described a technique of 
skin closure, but huge ventral hernias were created in the 
survivors. Originally, Schuster reported the suturing of a 
knitted Teflon® mesh to the musculofascial layers with 
an impervious layer beneath it in order to protect the 
intestines. The skin was closed over the entire repair. Full 
reduction of the abdominal contents required staged pro- 
cedures, each with general anesthesia and surgical skin 
incision. With repair of large omphaloceles, however, 
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Schuster advocated that the Teflon mesh be applied with- 
out complete skin coverage. It is this technique that has 
evolved by modifications into the present staged reduc- 
tion, 

In 1975, we developed, and described in 1977, a pre- 
formed, Dacron®-reinforced Silastic® bag with a special 
pneumatic insert.’ This paper reviews our experiences with 
this prosthetic device and recommendations for its con- 
tinuing use in the management of abdominal wall defects 
such as gastroschisis and omphalocele. 


Materials and Methods 


After we became convinced of the efficacy of staged 
reduction of gastroschisis, an attempt was made to sim- 
plify the prosthetic device in order to decrease the amount 
of sewing time necessary to attach sheets of Silastic. We 
consulted with a manufacturer to produce a prosthesis 
and were unaware that they were also working with Sher- 
metta and Haller* to produce a similar device. Their device 
emerged as similar in shape, but with entirely different 
properties. The development and use of the pneumatic 
bag have been described in our previous publication (Figs. 
l and 2). 


Operative Management 


As with all techniques, the child is kept warm and the 
intestines moist and protected from the cooling effects of 
evaporation. An intact omphalocele is not a surgical 
emergency as is gastroschisis or ruptured omphalocele. 
The patient is taken to the operating room and the intes- 
tines washed with saline and the abdominal wall quickly 
prepped with warm povidone-iodine solution and a sterile 
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field established. The defect is inspected, and, if it is not 
large enough to allow the intestines to return to the ab- 
domen, incision superiorly and/or inferiorly in the midline 
is made. The diameter of the base of the pneumatic re- 
duction device is 6 cm, which represents an adequate 
opening for this purpose. With an anesthesiologist in at- 
tendance but without endotracheal intubation or venti- 
latory support (unless required), the rim of the bag is sewn 
to the musculofascial edges of the defect after infiltration 
with a local anesthetic. A continuous suture of 00 or 0 
monofilament nylon is begun at the superior midline and 
carried along one side and then another suture brought 
down the opposite side. The slit in the bag is left open to 
facilitate placement of the intestines into the bag, and 
then the slit is closed with a running suture. No attempt 
is made to reduce the intestines at the initial operation, 
except to ascertain that they will slide easily through the 
abdominal defect. Before the bag is sutured in place, the 
abdominal wall is gently stretched with two fingers, first 
on one side and then the other. A gastrostomy is not per- 
formed. If the “peel” is heavy and thick, a solution con- 
taining 50,000 units of fibrolysin is sprayed over the in- 
testines prior to placement into the bag. A povidone-io- 
dine ointment is liberally applied to the suture line and 
the base of the bag. A bulky dressing completes the op- 
eration. The intestines are then manually displaced into 
the abdomen on a daily or twice-daily basis. The bag and 
abdominal skin are sprayed with povidone-iodine solu- 
tion, and a sterile field draped. The bag is lifted upward 
to enlarge the peritoneal cavity and, with both hands, the 
intestines gradually displaced into the abdomen. The 
amount extruded each time is calculated so that complete 
reduction is accomplished in approximately 6 days. The 
pneumatic sac is then inflated (but not tight) to maintain 
reduction. Air pressure (not over 40 cm of water) only 
maintains the reduction and should not be used to effect 
it. The process is repeated with deflation of the pneumatic 
sac before each reduction. When all intestines have been 
reduced, the bag is drawn through a slotted rod in order 
to approximate the wound edges. The balloon holds the 
rod in place. Twenty-four to 48 hours later, the second 
stage, with abdominal wall closure, is performed under 
general anesthesia. 


Results 


From 1975 until the present, a total of 57 patients with 


abdominal wall defects have been treated. Thirty-six of 


these patients had gastroschisis, 14 omphaloceles, and 
seven hernia of the cord. Of these patients, 25 (69%) with 
gastroschisis and seven (50%) with omphalocele were 
treated with staged reduction. All of the hernias of the 
cord were repaired primarily. The remainder of the pa- 
tients were treated with primary closure of the abdominal 
wall. The breakdown of patients is shown in Table 1. 
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FIG. 1. Two sizes of the pneumatic reduction device showing the inner 
diaphragm. 





FIG. 2. Bag drawn through slotted rod to cause apposition of the edges. 
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TABLE 1. Patient Experience 








Average 
No. Primary Pneumatic Time in 
Diagnosis Patients Closure Bag Place 
Gastroschisis 36 il 25 7.2 days 
Omphalocele 14 7 7 9.0 days 
Hernia of cord 7 7 0 0 
Totals 57 2 32 7.6 days 


In this series, there were five deaths within 30 days, 
none of which were a result of complications due to th 
bag. There were three deaths of a delayed nature. Most 
of the deaths were from associated anomalies such as se- 
vere cardiac defects or hyaline membrane disease. One 
death was preventable. That child with gastroschisis died 
of the metabolic complications of hyperalimentation. The 
patients who died and the causes of death are shown in 
Table 2. l 

Complications are shown in Table 3. The ventral her- 
nias were usually repaired at 1-2 years of age. Included 
is one patient who had fascial attenuation but no actual 
hernia in. the epigastrium. The contractures of the ab- 
dominal wall have produced an hour-glass deformity and 
responded to plastic revision. One of these patients had 
extensive skin dissection for a Gross procedure prior to 
referral. The small bowel obstructions occurred after 6 
months of age and were due to adhesions. The one patient 
with gangrene and perforation initially had bowel com- 

_ promise on admission. Resection was accomplished after 
removal of the bag. Another patient developed a fistula 
after resection of an atretic section of the ileum and colon. 
Perhaps anastomoses should be done only after reduction. 
The final complication resulted in death. The premature 


infant had meconium peritonitis and had the Silastic bag -- 
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applied in the Neonatal Unit. The infant was severely 
stressed and had necrotizing enterocolitis with perforation 
within the bag. This complication could not be directly 
attributed to the use of the pneumatic reduction device. 

When primary closure was accomplished, general _ 
anesthesia and, usually, ventilatory support were required 
for at least 2 days. All of the large omphaloceles that were 
closed in a staged manner required general anesthesia. 

Discussion 

Controversy remains regarding the best method of clo- 
sure of abdominal wall defects such as gastroschisis and 
large omphaloceles. There is no argument about the small 
omphaloceles or hernias of the cord. There are three 
methods of closure of these defects: (1) skin closure alone 
(Gross technique); (2) primary closure of the abdominal 
wall facilitated by vigorous stretching of the wall and 
emptying of the intestinal contents, and with paralysis 
and ventilatory support’; (3) staged closure of the abdom- 
inal wall with application of a prosthesis at the first stage 
and removal of the device with closure of the abdominal 
wall at the second stage.!° There are only a few advocates 
of the Gross technique!! but many proponents of the latter 
two methods. We feel that both of these methods are ap- 
propriate, and, in fact, both were utilized in this series of 
patients. If the abdominal wall could be closed without 
undue tension, primary closure was accomplished. Oth- 
erwise, the preformed pneumatic reduction device was 
quickly applied at the first procedure, thereby allowing 
stablization of the child and enabling a thorough evalu- 
ation of other defects, such as cardiac or renal problems, 
while the child is not stressed from a general anesthetic 
and ventilatory support. Daily or twice-daily reduction of 
the intestinal contents is accomplished so that the intes- 
tines are reduced within 5 to 6 days and the bag removed 








TABLE 2 Deaths 
Patient Birth Weight Diagnosis Operation Age at Death Cause of Death 
Early (<30 days) 
I 1.3 kg Gastroschisis; hyaline membrane Stazed bag 3 days Respiratory failure 
disease 
2 3.2 kg Omphalocele; hypoplastic aortic Staged bag 3 days Cardiac failure 
arch 
3 3.6 kg Gastrochisis Staged bag 3 days Hyperammonemia and complication of 
hyperalimentation 
4 1.0 kg Gastroschisis; trisomy 18 Primary closure 8 days Respiratory failure 
5 1.9 kg Gastroschisis; meconium Staged bag 27 days Necrotizing enterocolitis with 
aspiration perforation and fungal peritonitis 
Lace (>30 days) 
(o 2.3 kg Gastroschisis; volvulus and Primary closure 7 mo. Short bowel syndrome; necrotizing 
gangrene enterocolitis 
F 4.6 kg Omphalocele; conjoined twins Primary closure 4 mo. Cardiac anomalies 
e 2.2 kg Gastroschisis; multiple severe Primary closure 3 mo. Multiple organ failure 


anomalies 
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TABLE 3. Complications in Patients with Staged Closure 





No. 





Ventral hernia with late repair 

Abdominal wall contracture 

“ Small bowel obstruction (late) 

Gangrenous bowel with perforation 

Dehiscence of wound and fistula from bowel anastomosis 
Necrotizing enterocolitis with fungal peritonitis (death) 


ma me et Lad ad d 





in 7 to 8 days. With this schedule, there have been no 
instances of separation of the bag from the fascia or of 
infection at the base of the bag. It is essential that the bag 
be removed before infection can occur. 

The advantages of the preformed reduction device are 
numerous. There have been few complications as a result 
of this technique and none directly attributed to the device. 
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DISCUSSION 


Dr. J. ALEX HALLER, JR. (Baltimore, Maryland): It is a pleasure to 
open the discussion on Dr. Othersen’s paper. I appreciate also the op- 
portunity of having read his fine manuscript. 

I think the important contribution of Dr. Othersen and his associates 
has been to take Dr. Robert Gross’s operation one step further to cover 
these congenital abnormalities and thus decrease the mortality associated 
with infection. 

In the middle 1970s, he and his group presented this important new 
concept of a Silastic® membrane that was preformed and could be rapidly 
used to treat these babies. 

Dr. Dennis Shemeta, my former associate, and I were interested in 
the same problem; working with a different company, but with the same 
material, we also developed such a preformed membrane but have used 
it somewhat differently. 

The preformed silo, as it has come to be called, has the advantage 
that it can be applied immediately and it does not have to be constructed 
in the operating room. 

This slide shows the silo that we developed and applied in the same 
way, but, instead of using hot air to try to reduce the intestine within it, 
we simply tied it off on successive days, using something like an umbilical 
tape and by the eighth or ninth day had it down to this point where we 
could then proceed to the operating room and remove it. 

I would like to close my slide delayed discussion by making two sub- 
stantive comments. One is that it is extremely important to get this 
foreign material off the baby’s abdomen just as soon as possible. Those 
who have been critical of the use of this technique have based their 
criticism on their poor results when the average time of removal has 
been in excess of 20 days. 

For example, at the Hospital for Sick Children in Toronto (where they 
now have abandoned this excellent technique), they left their silo on too 
long, and most of their patients developed major problems with sepsis. 
This does not occur if the silo can be removed within a week. 

The second point is to emphasize how important it is in the transport 
of these babies to cover the abdominal defect with something like a 
plastic bag, such as an abdominal aneurysm bag, not only to decrease 
the chances of further contamination but to decrease fluid and heat losses 
during that critical period of transport. In this way, the baby will come 
to the operating room in excellent condition for this very successful 
operative procedure. 


Dr. JUDSON RANDOLPH (Washington, D.C.): A word of history, if I 
may. I was present in Boston as a house officer in the late 1950s when 
Dr. Sam Schuster began to use plastic material for abdominal closure. 
This really was a landmark step. However, in those days, the worry of 
the baby with peritonitis was considerable. Therefore, Dr. Schuster be- 
lieved that the plastic applied to the rectus muscle should have the skin 
closed over it; then sequentially the plastic was removed. In fact, Dr. 
Michel Gilbert of Miami, Drs. Allen and Wrenne of Memphis, Dr. Larry 
Pickett of New Haven, and Drs. Plzak and Gross in Boston and others 
all took the Schuster principle one step further and recognized that the 
plastic need not be covered with skin. 

In the past decade, the definitions and diagnosis of gastroschisis have 
become clearer, and primary support therapy for infants has improved 
exponentially. Today, among pediatric surgeons, there are those who 
believe that most of these grotesque enlargements of the bowel can be 
put back in the abdomen and that by stretching the abdominal primary 
closure can be obtained. Others believe that all patients should have 
plastic applied. We, like Drs. Othersen and Smith, favor a middle ground. 
In our own clinical experience from Washington, half of the patients 
with gastroschisis have been closed primarily and half have required a 
plastic silo. 

We would disagree with Dr. Othersen about the use of local anesthesia. 
Rather, I believe that some of the patients who have had a muscle relaxant 
anesthesia with intubation can then have a closure that might not have 
been possible under local anesthesia. 

Our ability these days to provide parenteral nutrition and to insure 
respiratory support are the measures that permit primary closure. I would 
certainly agree with Dr. Othersen and Smith that a plastic envelope is 
to be preferred to undue tension. While it is not applicable in our ex- 
perience to every patient who requires a temporary plastic covering, I 
can attest that the prefashioned Othersen plastic envelope is another 
noteworthy advance in the history of surgical correction of gastroschisis. 
It is interesting that this particular aspect of surgical history covers little 
more than 3 decades. 

In closing, Dr. Othersen, I have one question. What measures do you 
find helpful when the plastic pulls loose from the fascia before closure 
can be completed? 


Dr. HOWARD C. FILSTON (Durham, North Carolina): We have closed 
80% of all our gastroschisis patients since sometime in 1973 when I first 
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spent a careful hour or so stitching a Silastic® pouch onto a baby with 
a beautiful “sewing machine stitch,” then folded it up and watched the 
bowel slide down into the peritoneal cavity and was not quite sure what 
I had done. 

I have been intrigued with the work of Dr. Anthony Shaw of this 
society and Dr, DeVries, who have thought that atrophy of the area 
around the right umbilical vein has something to do with gastroschisis. 
Whether or not you accept this as the etiology, I think it is important to 
differentiate clinically between omphalocele and gastroschisis because 
there are important clinical differences. 

Gastroschisis patients rarely have associated anomalies except those 
that can be ascribed to some injury from bowel being herniated through 
a small abdominal wall defect, whereas the omphalocele patients may 
have multiple other potential anomalies including severe chromosomal 
anomalies and, in some instances, hypoglycemia, part of the Beckwith- 
Weidemann syndrome. 

Some of the patients with omphalocele have very large omphaloceles, 
with most of the liver out and a major portion of the abdominal wall 
defective, and it is beginning to be recognized that some of these patients 
have hypoplastic lungs and do very poorly with any rapid approach to 
closure, whether this be by primary closure or by rapid reduction of a 
plastic sac. The gastroschisis patient is usually a normal baby and can, 
in fact, be closed quickly either by primary closure or by application of 
a sac that is removed in 4 or 5 days. 

With the giant omphalocele patient, many of these really large defects 
cannot be closed in the kind of time that has been suggested without 
severely compromising the baby’s lungs, in some cases pushing them 
into persistent fetal circulation and prolonged ventilator dependence be- 
cause of hypoplastic bronchopulmonary trees. We must therefore con- 
tinue to individualize these infants and particularly to separate the giant 
hepato-omphalocele from the more standard omphalocele that can be 
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closed with these techniques. It is best to maintain an array of different 
approaches, and I think this little pneumatic sac is an important addition 
to the armamentarium but would plead that we not try to apply any of 
these approaches to every patient. 

I would ask if Drs. Othersen and Smith would comment on their giant 
hepato-omphaloceles as to whether or not they really have been able to 
get them all closed in 7 days. . 


Dr. C. D. SMITH (Closing discussion): Dr. Randolph asked what we 
do when the plastic comes loose. We have not had that problem in 
Charleston while I have been there. We have been able to remove all of 
the sacs within 7 to 9 days except for two, one of which took 12 and the 
other, 14 days, There were a number of dehiscences in the Boston Chil- 
dren’s experience with anterior abdominal wall defects, which I reviewed 
during my residency there. The lesson to be learned from that series 
seemed to be that when the plastic becomes loose, it is unwise to try to 
sew it back on because of associated infection. The plastic needs to be 
taken off and the wound treated in an open manner. 

Dr. Filston mentioned that he would like to decrease the number who 
need the bag. Dr. Othersen uses this 85% of the time. I use it 40% of the 
time and am using it less as time goes on, although I am very concerned 
when we have to paralyze patients in order to close the abdominal wall. 
It only takes a matter of seconds in the Intensive Care Nursery for the 
ventilator not to work or the tube to become dislodged to have a baby 
sustain severe hypoxia. The surgeon who attempts primary closure of 
one of these large defects must recognize this risk and be sure facilities 
are available to provide the high level of care these babies require in the 
first 24-48 hours after surgery. 

Again, I would like to thank the society for the privilege of participating 
in this program. 
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Gynecologic Infections- caused by Sanpidaptiet arais, (Including penicillinass- and nonpenicii- 
tococcus 3 exciudi 


caused Dy Rian gna aureus (penkeilinase- and nonpenicl+ 
cous epidermidis ,* Straptococcus pyogenes and Streptococcus 


inase-producing strains), Staphylococcus epkfermidis,* Strep ng entero- 
coctel), E cod, Proteus miraballs hs lel yin Bacteroides s (excluding 8 distasanis, 
B ovatus, B thetaiotaomicron), Fusobac species, and gram- anaerobic cocci (Including 
Peptococcus and prelate em speciest). 


intra-abdominal infactlons caused by E coli, Kiebsie#a species (includ! 
Pgs {excluding enterococcl), and Bacteroides species (axci 


Bono and joint iio caused by Staphylococcus aureus.t 
* NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
tEtficacy for this organism In this organ system was studled In fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the Incidence of certain 
postoperative Infections In patients nts undergoing surgical proceduras that are classifled as clean 


K pneumonize'), Strapto- 
g8 omone) ovatus, 


Pontaminated or potentially con ea ea eal ae casarean section, sally or vaginal hysterectomy, 
trensurethral urge biliary tract and gastrointestinal su surgery), 
The prophyta Jose EFOTAN o be administered 30 to 60 minutes prior to surgery, in 


patients undergoin rapa section, CEFOTAN should be administered Intravenousty after the 
clamping of the umbilical cord 

if there are zigns and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be inttlated. 


CONTRAINDICATIONS 
CEFOTAN Is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 
ore thorapy with CEFOTAN Is eld careful Inquiry should be made to determine whether the 
me hyporsonsitivity lons to ce o disodium, caphalosporins, 
peti or o or drugs: ts product ‘heuld be givan rorya to peniell la-sensitive patients. 
hniistored with caution to any ore has demonstrated _ form of 
allergy, pute to $. If an allergic reaction to CEFOTAN occers, discontinse the me e 
Saione ar ute byperse y reactions may raquire cplnephrine and other omo 
udomeambrancus colitis has been reported with the use of cephalosporins (and jer tela 
space abies Arpt ae importam te consider Its diagnosis In patients who develop 
ea in associ a c use. 
Treatment with broad-spectrum antiblotics may alter normal flora of the coton and 


verg of clostridia. Studies Indicate a toxin produced by Clostridium dif ficke ie ray pora 
autoa anubioticassocated colitis, Gholestyramine and colestipol resins have been shawn to bind 


Mild casas of colitis may respond to drug discontinuance along. Moderate to severe cases should 
be with fluid, electrolyte, and protein supplementation as Indicated. When the colitis is not 
relleved by drug discontinuance, or when it is severe, oral vancomycin ts the treatment of choice for 
mae am pseudomembranous colitis producad by C dificile. Other causes should also be 
conside 


PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result In over- 
growth of nonsusceptibte organisms. Careful observation of the patient is essential. H superinfection 
es occur curing therapy, appropriate measures should be taken. 
In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall In 
rothrombin activity. Those at risk Include patients with renal or hepatic Impairment, or poor nutr+ 
al state. Prothrombin times should be monitored in patients at risk and exogenous la K 
administered as indkcated. 
oa et in should be used with caution In Individuals with a history of gastrointestinal disease, 


INFORMATION FOR PATIENTS: As with some other oe: a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (baar win wine, 
atc) Is Ingested within “hours after CEFOTAN administration. Pat ants should be cautionad about the 
Ingestion of alcoholic beverages following the administration of CEFOTAN. 


DAUG INTERACTIONS: H CEFOTAN and an aminog! are used concomitantly, renal function 
should be caretul la especially If He ia pada of the aminoglycoside are ta be adminis- 
tered or if the ed, because of the po rotaxicity and ototaxicity of aminog! Soda Le 
side antibiotics Gough to date, nephrotexic ye not {heen noted when CEFOTAN was was given 
Ris Hlein thal nephrotoxicity may be poten if CEFOTAN is used concomitantty with 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose In urine may occur 
with Benadict's or Fehlings solution. 

As with other cephalosporins, high concentrations of cefotetan may Interfere with measurement of 

es In the levels of 


serum and urine eatin levels of Jaffe reaction and produce false 
creatinine reported 


CARCINOGENESTS, “MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animais have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 


cal analogous to ne childhood and repubarty in on ays User Stee in rp testicular 


weight and ed spormatogo- 
nla and spermatocytes; ene en calls were unaffected. Incidence and seve lesions 
‘approx 2-4 ilmes the usual human dose), only 1 of 10 

degres od degeneration was mild. Similar lesions been 
observed in Spee aE of phita e other methytthiotetrazote-contain 

and impaired fertility has been reported, featacty at high dose levels. No testicular were 

observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in Infant dogs 
S weeks oko) ca received up to 300 mg/kgiday! TV for 5 weeks. The relevance of these findings te 
mans is unknown. 


USAGE IN PREGNANCY: P ancy Category B: Reproduction studies have been performed In rats 
and monkeys at doses up Hen uman doss and have revealed no evidence of Impaired 
fertility or harm to the fetus due to pat lin There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not ae predictive of human 
responsa, the drug should be used durig pregnancy only If clearly needed 
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USAGE IN NURSING MOTHERS: Cefototan Is excreted In human milk In very low concentrathons. 
Caution should ba exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In ives studies the following adverse effects were considered related to CEFOTAN therapy. 
ages ampo oms occurred in 1.5 percent of patients; tha most frequent were diarrhea (1 in 

ee and nausea (1 in 
Hamatotogic laborato. Saas occurred in 1.4 percent of patients and included eosinophilia 
A in sa positive direct Coombs’ test (1 in 250), and hrombocyiosis (11 {1 In 300). p 

c enzyme e elevations occurred in 1.2 percent of patlants and Included a rise In SGPT (1 In 150), 
oer (1 in 300), alkaline phosphatase (1 In 700), and LDH (1 In 700). 


Hypers reactions were reported in 1.2 percent of patients and Included rash (1 in 150) and 
ing (1 in 700}. 


Local effects were reported in less nan one 
injectlon (1 In 300), and discomfort (1 In 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage ts 1 or 2 grams of CEFOTAN administered intravenousty or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 

determined by the conditlon of the patient, severity of the Infection, and susceptibility of the causative 

organism. 


rcent of patients and Included phlebitis at the site of 
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Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
T or 2 y every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 8* grams .3 g every 12 hours IV 


*Maximum dally dosage should not exceed 6 grams. 


PROPHYLAXIS: To perative Infection In clean contaminated or potentially contaminated 
eal Ae adults, the recommended dosage Is 1 or 2 g of CEFOTAN administered once, Intravenousty, 

minutes ‘prior to surgery. In nts undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord Is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. y 








DOSAGE GUIDELINES FOR PATIENTS 
: WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
‘ mL/min Dora Frequency 
>30 Usual Recommended Dose’ Every 12 hours 
10-30 Usual Recommended Dosa* Every 24 hours 
<10 Usual Recommended Dose” Every 48 hours 





*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan Is di ble and It is recommended that for patients aeons Intermittent sat 
sls, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 
CEFOTAN is a dry, white to yollow powder supplied In vials containing cefotetan disodium 
equivalent to 1 g and 2 g cafotetan activity for Intravenous and Intramuscular administration. The 1g 


dose fs available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mi and 100 mL vials. 
vials should not be stored at temperatures above and should be protected from fight. 

1g In 10 mL vial NDE 003g 070 1 

29 in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial itd 0038-0376-1 

2g in 100 mL vial (NDC 0038-0377-21 

Manufactured for 
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Bronchopulmonary Foregut Malformations 


The Spectrum of Anomalies 





BRADLEY M. RODGERS, M.D. P. KENT HARMAN, M.D. 


Ventral anomalies of accessory pulmonary tissue have been 
classified as “bronchopulmonary foregut malformations.” Be- 
tween July 1, 1981, and May 31, 1985, 10 children with bron- 
chopulmonary malformations have been cared for on the Pediatric 
Surgical Service at the University of Virginia. Six patients had 
bronchogenic cysts, one in an extrathoracic location and one as- 
sociated with a pulmonary sequestration. Diagnosis was sus- 
pected in each case by plain chest radiographs and confirmed 


‘by computed tomography scans and ultrasound. Four patients 


had pulmonary sequestrations, two in association with diaphrag- 
matic hernias. One patient had accessory pulmonary tissue, best 
classified as a tracheal lobe. Diagnosis in this patient was con- 
firmed by bronchography. Nine patients underwent excision of 
the malformation without event. In one patient, a bronchogenic 
cyst was treated successfully by thoracoscopy. Review of the 
anatomy of these malformations leads to the conclusion that 
three embryologic events are cardinal in determining their ulti- 
mate form: (1) investment of the anomalous pulmonary tissue 
by the pulmonary artery; (2) the degree of involution of the orig- 
inal foregat communication; and (3) the stage of development 
leading to pleural investment. 


HE PRIMORDIAL LUNG BUD arises from the ventral 
surface of the foregut at 3 to 4 weeks of gestation. 

Over the ensuing 2 weeks, the primitive foregut 
completes the division into a ventral trachea and dorsal 
esophagus.' Incomplete formation of the septum dividing 
the trachea and esophagus may result in anomalies of 
tracheoesophageal fistula. Abnormalities of ventral foregut 
budding, on the other hand, assume a wide variety of 
anatomic forms. Many classifications for these anomalies 
have been proposed, but the terminology remains incon- 
sistent and confusing.”* A review of patients undergoing 
surgery for ventral abnormalities of foregut budding at 
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the University of Virginia has been undertaken. Several 
anatomic abnormalities have been encountered that pro- 
vide insights into the clinical presentation and surgical 
management of these malformations as well as suggest 
several common factors in their embryogenesis. 


Methods 


A review of the operative records of the University of 
Virginia between July 1, 1981, and May 31, 1985, revealed 
10 patients less than 16 years of age with ventral abnor- 
malities of foregut budding (Table 1). Patients with dorsal 
budding anomalies involving gastrointestinal tissues were 
not included in this review. The patients ranged in age 
from newborn to 11 years. There were six patients with 
classical bronchogenic cysts lined with respiratory epithe- 
lium. There were four patients, with lesions compatible 
with the classic definition of sequestration, one of these 
immediately adjacent to a bronchogenic cyst. One patient 
had what is commonly referred to as a tracheal lobe. 

The six patients with bronchogenic cysts had respiratory 
symptoms, except for the single patient with an extra- 
thoracic bronchogenic cyst (Table 2). This lesion presented 
as a 1.5-cm, soft mass over the superior border of the 
sternum. The respiratory symptoms of the remaining five 
patients were investigated with plain chest roentgeno- 
grams, and in each case the lesion could be identified. 
One of the cysts developed a prominent air-fluid level and 
clearly communicated with the airway. This patient un- 
derwent bronchoscopy with an unsuccessful attempt at 
selective irrigation and drainage of this cyst. The remain- 
ing four patients were all investigated with a chest com- 
puted tomography (CT) scan, and in two cases this pro- 
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Patient Age Sex Side Lesion Symptoms Associated Anomalies 
l 11 yr M Right Bronchogenic cyst Cough None 
2 2 yr M Right Bronchogenic cyst Croup None 
3 4 yr F Extrathoracic Bronchogenic cyst None None 
4 16 mo M Left Bronchogenic cyst Cough None 
5 3 yr M Left Bronchogenic cyst Pneumonia None 
6 7 yr M Left Bronchogenic cyst, Cough None 
sequestration 
7 4 wk F Left Sequestration Vomiting Paraesophageal hernia 
8 Newborn F Right Sequestration Respiratory distress Bochdalek hernia 
9 19 mo F Right Sequestration Cough, pneumonia TEF, coarctation, 
retroesophageal subclavian 
artery 
10 6 yr F Right Tracheal lobe Croup Cerebral palsy, microcephaly 





TEF = tracheoesophageal fistula. 


vided sufficient additional information to proceed directly 
with surgery. The chest CT scan was particularly useful 
in delineating the extent of the lesion and its anatomic 
relationship to the airway and mediastinal vessels. The 
CT was specifically unable to differentiate between fluid- 
filled cystic and solid lesions. In patient 4, who had a mass 
in the posterior mediastinum, an ultrasound study dem- 
onstrated the lesion to be cystic, thereby excluding a neu- 
rogenic tumor (Figs. 1A-C). The value of the barium 
esophagogram in evaluating these patients is less clear 
from this series. In patient 2, the mass was noted by chest 
CT to be situated in the superior mediastinum between 
the trachea and the esophagus. The barium study in this 
patient, who had a fluid-filled cyst, added no information 
beyond that obtained by the chest CT. 

All patients with bronchogenic cysts underwent oper- 
ative therapy. In five patients, surgery was recommended 
as soon as the malformation was identified. The remaining 
patient, #5, was treated initially with antibiotics for pre- 
sumed pneumonia. When an air-fluid level developed in 
this cyst 4 weeks later, surgical excision was recom- 
mended. Three of the patients had hilar cysts, while one 
had a cyst in the carinal location and one in the paratra- 
cheal region. Communication with the tracheobronchial 
tree was noted in only one patient, #5, in whom there 
was a direct connection between the intralobar cyst and 


the left upper lobe bronchus. The remaining cysts were 
situated in an extralobar location, although most were 
intimately adherent to the visceral pleura of the normal 
lung. In one patient, #1, a paratracheal cyst was misin- 
terpreted before operation as an enlarged mediastinal 
lymph node (Figs. 2A and B). This patient underwent 
thoracoscopy for node biopsy. The cystic nature of the 
lesion was easily appreciated, and several milliliters of 
mucoid material were aspirated at thoracoscopy to elim- 
inate the possibility that this was a vascular structure. The 
thoracoscopy biopsy forceps were used to resect most of 
the wall of the cyst. The cyst wall remaining adjacent to 
the trachea was cauterized with these forceps. This boy 
has remained asymptomatic for 3 years, and the chest CT 
reveals no evidence of recurrence of this lesion (Fig. 2C). 
In the remaining patients, the entire cyst was excised by 
thoracotomy. In one patient, #6, an extralobar sequestra- 
tion was encountered immediately adjacent to the inferior 
border of the bronchogenic cyst. This associated malfor- 
mation had not been detected by chest CT scan. 

Four patients had lesions that would be included under 
the usual rubric of “sequestration” (Table 3). Three of 
these patients had extralobar sequestrations with separate 
pleural investments. In all of these patients, symptoms 
were related to associated conditions, rather than to the 
sequestration itself. One patient, #9, who had an intralobar 


TABLE 2. Bronchogenic Cyst 








Patient Age/Sex Symptoms Diagnostic Tests Operative Findings 
l 11 yr/male Cough Chest roentgenogram, chest CT Extralobar, paratracheal, no 
communication 
2 2 yr/male Croup Chest roentgenogram, chest CT, barium Extralobar, carinal, no communication 
swallow 
3 4 yr/female None None Extrathoracic 
4 16 mo/male Cough Chest roentgenogram, chest CT, ultrasound Extralobar, hilar, no communication 
5 3 yr/male Pneumonia Chest roentgenogram, bronchoscopy Intralobar, hilar, communication LUL 
6 7 yr/male Cough Chest roentgenogram, chest CT, Extralobar, hilar, no communication, 


thoracoscopy 





LUL = left upper lobe. 


associated sequestration 
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sequestration, presented with cough and pneumonia di- 
rectly related to this malformation. In this 19-month-old 
patient, communication with the trachea was present 
through a well-formed bronchial structure, which entered 
the posterior wall of the trachea adjacent to a previously 
ligated “H-type” esophageal fistula. All of our patients 
with sequestration malformations had significant asso- 
ciated anomalies. The three extralobar sequestrations in 
this series were discovered serendipitously during opera- 
tions for coexistent anomalies, and thus no specific pre- 
operative diagnostic studies had been performed. In each 
of these patients, the vasculature supplying the lesion was 
identified and controlled without difficulty. The patient 
with intralobar sequestration was noted to have an ac- 
cessory bronchus at the time of the bronchoscopy per- 
formed for recurrent right lower lobe infection. A selective 
bronchogram identified the lesion, and the arteriogram 
clearly demonstrated the systemic vessels arising from the 
abdominal aorta. The vasculature of the sequestrations 
in this series was variable. In one patient, #7, the extralobar 
sequestration was encountered in correcting a congenital 
paraesophageal hiatal hernia. The sequestration was ex- 
cised in this patient without specifically identifying the 
vascular supply. In the remaining three patients, the vas- 
culature to the lesion was clearly systemic. In two patients, 
#6 and 9, the arteries came directly from the thoracic and 
abdominal aortas, respectively. In one patient, #8, the 
extralobar sequestration was found during the repair of a 
right-sided Bochdalek hernia. The vasculature to this le- 
sion involved the intercostal artery and vein. The venous 
drainage of both the intralobar and extralobar sequestra- 
tions was found to be either pulmonary or systemic. All 
of the sequestration lesions were excised without sacrifice 
of normal pulmonary tissue. The single patient with an 
intralobar sequestration underwent a segmental resection 
of this area, preserving the remainder of the right lower 
lobe. 

One patient had a lesion best classified as a tracheal 
lobe (Table 4). This 6-year-old female had suffered parox- 
ysmal coughing and “croup” for 3 years. A plain chest 
roentgenogram was felt to demonstrate widening of the 
mediastinum only in retrospect (Fig. 3A). The patient 
was evaluated for her symptoms by bronchoscopy, at 
which time an accessory bronchus communicating to the 
right lateral wall of the trachea 1.5 cm proximal to the 
carina was encountered. A normal right upper lobe apical 
segment bronchus was identified. A catheter was passed 
into the accessory bronchus, and a selective bronchogram 
revealed a bronchiectatic tracheal lobe (Fig. 3B). This le- 
sion, excised through a right thoracotomy, was found to 
have its arterial supply from the right upper lobe pul- 
monary artery and a vein that drained into the right su- 
perior pulmonary vein. The connecting bronchus was ap- 
proximately 1.5 cm in length and contained immature 
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Fics. 1A and B. PA (A) and lateral (B) chest roentgenograms of patient 
4 demonstrated a large subcarinal mass extending into the posterior me- 
diastinum (arrows). Chest ultrasound (C) showed this lesion to be a thin- 
walled cyst (X). 


cartilage. The lesion itself was intralobar within the right 
upper lobe and was excised in segmental fashion, pre- 
serving the normal pulmonary tissue. 

All of the surviving patients have remained asymptom- 
atic following resection of the malformations and correc- 
tion of the associated conditions. The only death in this 
series was the patient with an extralobar sequestration in 
association with a right-sided Bochdalek hernia. The cause 
of death was respiratory insufficiency 36 hours following 
surgical correction of her diaphragmatic hernia. 


Discussion 


Malformations of the separation of the primitive foregut 
into the pulmonary system and the proximal gastrointes- 
tinal tract assume a wide variety of anatomic forms and 
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Fics. 2A-C. A. PA chest roentgenogram of patient 1 showed a right paratracheal mass (arrows). B. Chest CT confirmed the presence of a paratracheal 
mass, situated behind the superior vena cava (arrows). C. Postoperative chest CT 3 years followi ng resection of the cyst through the thoracoscope 
revealed minimal residual scar (arrows). 


have been characterized by a bewildering array of ter- 
minology. The abnormalities of initial foregut septation 
are usually considered as separate entities and involve 
principally the anomalies of tracheoesophageal fistula and 
esophageal atresia, Abnormalities of dorsal budding of 
the foregut result principally in esophageal diverticuli and 
duplication cysts. This review addresses only the malfor- 
mations of ventral foregut budding that involve the de- 
veloping pulmonary mesoderm. Gerle, in 1968, first pro- 
posed the term “bronchopulmonary-foregut malforma- 
tions” to encompass these pulmonary developmental 


TABLE 3. Sequestration 


abnormalities, with or without gastrointestinal tract com- 
munication and with or without abnormalities of the left 
hemidiaphragm.* Over the ensuing years, this terminology 
has gained in popularity and its meaning has been ex- 
panded in an attempt to unify the terminology of many 
congenital pulmonary malformations. A review of our 
cases of abnormalities of foregut budding suggests that 
bronchopulmonary-foregut malformation is best reserved 
for those abnormalities of ventral foregut budding directly 
involving the pulmonary parenchyma and originating 
from either the tracheobronchial tree or the gastrointes- 





Age/Sex 


Operative Findings 





Patient Symptoms Diagnostic Tests 
6 7 yr/male Cough Chest roentgenogram, chest CT 
7 4 wk/female Vomiting Chest roentgenogram, barium swallow 
8 newborn/female Respiratory distress Chest roentgenogram 
9 19 mos/female Cough, pneumonia Chest roentgenogram, bronchoscopy, 


bronchography, arteriography 





Extralobar-——-LLL, A—~systemic: V-—pulmonary, no 
communication, associated bronchogenic cyst 
Extralobar--LLL, A—?: V—?, no communication, 

associated paraesophageal hernia, Meckel’s 
Extralobar—RLL, A—systemic: V—systemic, no 
communication, associated Bochdalek hernia 
Intralobar—RLL, A—systemic: V—pulmonary, 
communication-trachea, associated TEF, 
coarctation 








LLL = left lower lobe; RLL = right lower lobe: TEF = tracheoesophageal fistula. 
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TABLE 4. Tracheal Lobe 





Age/Sex Symptoms 





Diagnostic Tests 


Operative Findings 





10 6 yr/female Cough, croup 


Chest roentgenogram, 
bronchoscopy, bronchography 





Intralobar—RUL, A—pulmonary: 
V—pulmonary, communication- 
trachea 





tinal tract. These malformations range from simple bron- 
chogenic cysts to the more complicated sequestration 
malformations and tracheal lobes. They do not include 
lesions such as lobar emphysema and cystic adenomatoid 
malformations, which involve local aberrations of paren- 
chymal development.’ 

Bronchogenic cysts were the most common of the 
bronchopulmonary malformations encountered in our 


_ Series, although in most reports they are less commonly 


Y 


found than sequestrations.®” These lesions are usually 


unilocular, are lined with ciliated columnar epithelium, . 


and contain fragments of cartilage and smooth muscle 
within the wall. Bronchogenic cysts cause symptoms by 
local compression of the airway, and all of the patients 
with intrathoracic bronchogenic cysts encountered in our 
series presented with significant pulmonary symptoms. 
On the other hand, some of these patients may not have 
symptoms. Opsahl reported only 25 of 31 patients with 
bronchogenic cysts as having significant pulmonary 
symptomatology. Bronchogenic cysts usually demon- 
strate no patent communication to the airway but are 
almost always closely attached to major airways or the 
esophagus by dense fibrous tissue. If the cyst is found to 
communicate with the airway, as in our patient 5, it may 
be difficult to differentiate from a postinflammatory pul- 
monary abscess by plain chest roentgenogram. The pres- 
ence within these communicating cysts of a lining of ep- 
ithelium-ciliated columnar with cartilage and smooth 
muscle within the wall is usually accepted as evidence of 
a congenital bronchogenic cyst.? Bronchogenic cysts may 
occasionally occur in unusual intrathoracic locations or 
even in extrathoracic positions, as in our patient 3. In the 
extrathoracic area, the cysts are usually found in the lower 
neck or upper chest wall and have no communication or 
fibrous connection to the airways.'° 

Maier, in 1948, proposed a classification of broncho- 
genic cysts based on their location within the medias- 
tinum.!! He suggested the terms paratracheal, carinal, hi- 
lar, paraesophageal, and miscellaneous. Although this 
nomenclature is well accepted today, these locations are 
invariably well defined by the chest CT scan and otherwise 
are of little importance from a surgical standpoint. All of 
the bronchogenic cysts encountered in our series were 


`} adjacent to the pulmonary parenchyma, either with their 


own pleural investment (extralobar) or embedded within 
the normal pulmonary parenchyma (intralobar). This 
distinction, which can be made reliably by the chest CT, 


has considerably more surgical importance than the lo- 
cation of the cyst within the mediastinum. 

In most cases, the precise vascular supply to these le- 
sions is difficult to determine. The extralobar cysts usually 
were supplied by small systemic arteries arising from ad- 
jacent vessels within the mediastinum. The intralobar 
cysts, on the other hand, appeared to be supplied by small 
branches from the pulmonary artery. Venous drainage in 
the case of the intralobar cyst was usually into the pul- 
monary veins, whereas the extralobar lesions usually 
drained into small systemic mediastinal veins. The size 
of these vessels was small, and arteriography should have 
no role in the evaluation of these patients. In fact, little 
significant additional information was gained with any 


` diagnostic studies beyond the chest CT scan. Ultrason- 


ography may be helpful in evaluating those lesions that 
abut the posterior chest wall and can easily distinguish 
cystic from solid lesions, thereby eliminating the common 
neurogenic tumors from consideration. The barium 
esophagogram is not helpful except in those rare cases of 
cysts communicating with the gastrointestinal tract. In 
noncommunicating cysts appearing as solid masses on 
chest roentgenograms, bronchoscopy adds little to the di- 
agnosis. On the other hand, bronchoscopy in the com- 
municating cysts may allow internal drainage of the cavity, 
although this was not successful in our patient in whom 
it was attempted. The use of bronchography has little to 
add to the diagnosis in these patients. 

Treatment of bronchogenic cysts is usually accom- 
plished by thoracotomy and complete excision of the le- 
sion. Our experience, and that of others, indicates that 
intralobar bronchogenic cysts may be safely excised in 
segmental fashion without sacrificing normal pulmonary 
tissue.® The experience with one of our patients, #1, would , 
indicate that simpler modalities of therapy may be useful 
in treating some of these lesions. In this case, a small 
extralobar bronchogenic cyst was easily excised and cau- 
terized through the thoracoscope. In another of our pa- 
tients, #6, an attempt was made to treat a hilar broncho- 
genic cyst with thoracoscopy. In this patient, the large 
extralobar cyst could easily be identified through the tho- 
racoscope. An abnormal-appearing segment of pulmonary 
tissue adjacent to the cyst, along the medial border of the 
left lower lobe, was also identified by thoracoscopy, and 
a decision was made to proceed with immediate thora- 
cotomy for removal of these coexistent lesions. The mal- 
formations proved to be an extralobar bronchogenic cyst 
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Fics. 3A and B. 4. PA chest roentgenograms of patient 10 were initially interpreted as normal. In retrospect there may be widening of the right 
paratracheal region. B. A selective bronchogram in this patient demonstrated an accessory bronchus (arrow) arising proximal to the carina. This 
entered a distorted fragment of lung in the right paratracheal region. The normal apical segmenta! bronchus was visualized on bronchography. 


and a extralobar sequestration. These experiences suggest 
that thoracoscopy may be useful in treating uncomplicated 
bronchogenic cysts that are located in an extralobar po- 
sition within the mediastinum. 

The anomalies usually classified as “sequestration” are 
masses of distorted, nonfunctioning, pulmonary tissue 
that have no normal connection with the bronchial tree 
and receive their blood supply from anomalous systemic 
arteries.'* In most reviews, pulmonary sequestrations 
comprise the largest group of bronchopulmonary foregut 
malformations. As with bronchogenic cysts, sequestra- 
tions may occur in an extrathoracic location, usually being 
found immediately beneath the diaphragm.” 

Intrathoracic sequestrations occur primarily in asso- 
ciation with the lower lobes and seem to be slightly more 
common on the left side.'*'° They may occur in either 
the intralobar or the extralobar position, with the intra- 
lobar sequestrations being somewhat more common in 
larger reported series." In three of our patients with se- 
questration anomalies, the malformation was completely 
extralobar, with its own pleural investment. Two of these 
were in the region of the left lower lobe, while the third 
was in the lower right hemithorax. The single intralobar 
sequestration encountered in this series, in patient #9, 


was located in the right lower lobe. The extralobar se- 
questrations contained no communication to the tra- 
cheobronchial tree, and each was found incidentally dur- 
ing operation for associated anomalies. The malformation 
that we have classified as an intralobar sequestration was 
unusual in that it contained a well-formed bronchial 
communication to the posterior wall of the trachea. On 
the other hand, the remainder of the malformation had 
all of the characteristics of an intralobar sequestration, 
including the histologic finding of distorted pulmonary 
architecture with cystic changes and aberrant systemic 
arterial supply from the abdominal aorta. In this patient, 
the bronchial communication entered the trachea im- 
mediately caudad to a previously ligated “H-type” esoph- 
ageal fistula, another anomaly of foregut septation. In one 
of our patients, #7, the precise vascular supply to the se- 
questration could not be determined. This malformation 
was associated with a paraesophageal hiatal hernia with 
gastric volvulus and was located in the mediastinum, not 
adherent to the fundus of the stomach. Each of the other 
sequestration malformations in this series was supplied 
by a distinct systemic artery, and venous drainage was to 
either a systemic or a pulmonary vein. 

Sequestration malformations have been noted by other 
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authors to have a high frequency of associated anoma- 
lies.”!5 Significant associated anomalies were encountered 
in each of our patients with a sequestration. Two of the 
patients had anomalies of the formation of the diaphragm, 
one sequestration was found adjacent to a bronchogenic 
cyst, and the remaining malformation was associated with 
a tracheoesophageal fistula and aortic coarctation. 

The diagnosis of sequestration in our three cases of 
extralobar malformation was completely unsuspected. 
The diagnostic studies employed in these patients were 
directed toward other known anomalies but included plain 
chest roentgenograms and chest CT. None of these studies 
suggested the presence of the sequestration. The difficulty 
in diagnosing extralobar sequestration from plain chest 
radiographs has been emphasized by other authors.'® 
These lesions present as ill-defined densities along the 
medial border of the diaphragm and may be obscured by 
vertebral and cardiac shadows. The diagnosis in the single 
patient with an intralobar sequestration in our series was 
made serendipitously during a bronchoscopy for suspected 
recurrent tracheoesophageal fistula. The accessory bron- 
chus was easily identified, and selective bronchography 
precisely delineated the malformation. A retrospective re- 
view of an arteriogram previously obtained in this patient 
for evaluation of the aortic coarctation revealed the 
anomalous systemic vasculature from the abdominal 
aorta. The use of preoperative arteriography in patients 
with sequestration malformations is usually diagnostic and 
is helpful in identifying the aberrant vasculature. In at 
least one instance, the aberrant vasculature has been 
identified by an enhanced chest CT examination.'? Fatal 
hemorrhage has been described during the resection of 
these lesions, when adequate vascular control could not 
be obtained.'® The surgical treatment of sequestration 
malformation should be complete excision, and knowl- 


edge of the aberrant arterial supply is helpful in planning ~ 


the surgical approach. The extralobar sequestrations are 
encased with a separate pleural envelope and may be dis- 
sected free of the mediastinal structures without violating 
the pulmonary parenchyma. Our experience with a single 
case of intralobar sequestration, completely contained 
within the pleura of the normal lung, suggests that these 
malformations may be safely excised in segmental fashion 
without sacrifice of normal pulmonary parenchyma. 
Other authors, however, have warned against this ap- 
proach and have advocated total lobectomy for these le- 


. sions.'*!5 It may be that early resection of these lesions 


in childhood, before the development of surrounding 
chronic inflammation, allows for safer segmental resec- 
tion. 

The anatomy and nomenclature of tracheal lobes are 
as diverse as those for pulmonary sequestrations. Tracheal 
lobes arise from bronchi that are normal in gross and 
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histologic architecture. The tracheal lobe bronchi almost 
invariably are located proximal to the carina and connect 
to a spectrum of pulmonary parenchymal anomalies with 
considerable anatomic variation.'? Tracheal lobes have 
been described in both the extralobar and the intralobar 
position. The vascular supply to tracheal lobes is usually 
considered to be from the pulmonary artery. Our expe- 
rience with tracheal lobes consists of a single patient, a 6- 
year-old girl with cough and intermittent “croup.” The 
diagnosis in this case was not evident from plain chest 
roentgenograms, but was made at the time of bronchos- 
copy for her recurrent pulmonary symptoms. The tracheal 
lobe bronchus was identified along the right lateral border 
of the trachea, 1.5 cm proximal to the carina. Differen- 
tiation of this bronchus from an ectopic apical segmental 
bronchus was made by careful observation of the right 
upper lobe bronchus. There was a normal apical segmental 
bronchus present within this structure. A selective bron- 
chogram delineated the small tracheal lobe (Fig. 2B). Since 
these malformations invariably communicate to the air- 
way, they are usually visible on plain chest roentgenogram. 
Unlike pulmonary sequestration malformations, tracheal 
lobes usually involve the upper hemithorax. Bronchos- 
copy with selective bronchography is the most rewarding 
diagnostic study in these lesions. The treatment of tracheal 
lobes is by complete surgical excision. In our patient, this 
could be accomplished with a segmental resection, pre- 
serving ncrmal pulmonary parenchyma. The vascular 
supply to this lesion was from the upper lobe pulmonary 
artery and venous drainage to the superior pulmonary 
vein. 

Examination of the various anatomic configurations 
presented by these bronchopulmonary foregut malfor- 
mations suggests that they may share a common embry- 
ologic origin. Several factors seem to be present in each 
of these malformations, They are all usually found to be 
closely associated with the normal parenchyma and may 
occur in either an intralobar or an extralobar position. 
Their vasculature may be from either the systemic or the 
pulmonary circuits. It may be assumed that the initial 
embryologic event in the production of all of these mal- 
formations is an abnormality of budding of the ventral 
diverticulum of the primitive foregut. In this manner, the 
malformation will involve the developing pulmonary pa- 
renchyma. There then would seem to be three separate 
developmental variables that determine the ultimate an- 
atomic outcome of these malformations: (1) the normal 
development of the pulmonary arterial supply to replace 
the primitive blood supply from the dorsal aorta; (2) the 
degree of involution of the original communication to the 
foregut; and (3) the timing of the development of the mal- 
formation that determines the presence of a separate 
pleural embolus. When considered in view of-these em- 
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bryologic variables, the descriptive anatomy of these le- 
sions should include a statement about the relationship 
of the malformations to the normal airway, its vasculature, 
and the presence or absence of a separate pleural invest- 
ment. 
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Dr. J. ALEX HALLER, JR. (Baltimore, Maryland): I am pleased to 
have had the opportunity of seeing the manuscript of this excellent paper. 

First of all, I think it is important to emphasize—this is a point that 
Dr. Rodgers did not have a chance to make in his formal presentation 
but is in the paper—that many of these foregut abnormalities may present 
in the newborn period with life-threatening respiratory distress. Their 
position within the mediastinum may compress the trachea or the 
esophagus or both. Such babies may not only have immediate respiratory 
difficulty, but may have secondary aspiration problems that can lead to 
life-threatening situations. The most important study to differentiate the 
exact cause of this respiratory distress in our experience is a barium 
swallow because this will show distortion of the esophagus and of the 
trachea. This study will lead to the appropriate immediate therapy, which 
may be life saving and must be carried out immediately. 

The second point I would like to make is both a comment and a 
question. The explanation that Dr. Rodgers has given to us for the de- 
velopment of the sequestration and all of these lung bud anomalies is 
that this is an abnormality in the budding of the ventral diverticulum 
of the embryo and that this is then followed by the vascular supply. 

I would like to offer as an alternative explanation that it may be that 
the embryologic abnormality is in the blood vessels first, because we are 
learning that many anomalies are due to a malformation in the vascular 
tree and then the parenchymal or mesenchymal component follows. 

I would like to ask, therefore, in your studies whether you think it 
might be possible that this is an anomalous blood vessel, which is then 
followed by the development of the lung bud abnormality rather than 
the other way around, because it may well be that the faulty blood supply 
leads to this anomaly? 

This is an important contribution and Dr. Rodgers and his associates 
have used a small number of cases to make some very important points. 


Dr. B. M. RODGERS (Closing discussion): I am indebted to Dr. Haller 
for agreeing to discuss this paper. He certainly has taught me and the 
rest of us an awful lot about these anomalies. 

As usual, he is quite kind. The only reason he has no slides is that I 
did not give him the manuscript until last night, after he had safely 
arrived here. 
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I think I disagree with Dr. Haller somewhat with regard to the value 
of the barium esophagogram. Most of these lesions present as solid lesions 
on chest roentgenogram rather than lesions with air fluid levels, and 
most of these lesions will have no direct communication with the esoph- 
agus although there are reports of bronchogenic cysts and sequestration 
anomalies that communicate with the esophagus either through fibrous 
tracts or what look like bronchial communications. However, in the 
absence of direct communication with the esophagus, our feeling is that 
other studies are better in providing the information that one needs to 
approach these patients, specifically either good PA and lateral chest 
radiographs or the addition of CT. 

The question of the embryogenesis of sequestration, of course, is a 
very interesting one and one which has been debated for 3 decades. 

I think that there are several things that speak against the theory of a 
primary vascular abnormality. First of all, there are abnormalities de- 
scribed whereby systemic vessels supply normal segments of lung, and 
there is obviously a great deal of embryologic overlap between the pul- 
monary and systemic arterial supply to the developing pulmonary pa- 
renchyma. 

The proponents of the primary vascular theory feel that the reason 
sequestrations take the histologic form they do is that they are supplied 
by high pressure systemic flow, but this does not seem to hold in all 
situations. 

The other argument against a primary vascular abnormality is that 
there are sequestration anomalies described that have no systemic vas- 
culature but are supplied by aberrant pulmonary arteries or combinations 
of aberrant. pulmonary, and systemic arteries. There is a broad spectrum 
of vascular abnormalities that go along with the histologic and the gross 
abnormality that we would call sequestration. 

Actually, our single patient of intralobar sequestration, we think, 
bridges the gap between sequestration and tracheal lobe, in that this 
patient had a normal bronchus into what was histologically an intralobar 
sequestration anomaly supplied by systemic vasculature. Our feeling is 
that these are all a spectrum of abnormalities irrespective of their distinct 
vascular supply, that they begin as abnormal budding abnormalities, and 
then the elements of whether the systemic vascular involutes and pul- 
monary vasculature take over and the precise stage with regard to de- 
velopment of a separate pleural envelope determine their final anatomic 
form. 

I would like to thank the organization again for the privilege of mem- 
bership and the opportunity to deliver this paper. 
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respoase, this drug should be used in pregnancy only if clearly needed. 
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Labor and Delivery: In cesarean section, ‘Monocid’ should be administered only 
after the umbilical cord has been clamped. 

Nursing Mothers: ‘Monocid’ is excreted in human milk in low concentrations. 
Caution should be exercised when ‘Monocid’ is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
‘Monocid’ is generally well tolerated and adverse reactions have occurred infrequently. 
The most common adverse reaction has been pain on I.M. injection. On-therapy 
conditions occurring in greater than 1% of ‘Monocid’-treated patients were: 
Injection Site Phenon-ena (5.7%): Pain and/or discomfort on injection; less often, 
burning, phlebitis at I.V. site. 
Increased Platelets 1.7%). 
Increased Eosinophils (2.9%). 
Liver Function Test Alterations (1.6%): Increased alkaline phosphatase, increased 
SGOT, increased SGPT, increased GGTP, increased LDH. 
Less frequent on-therapy conditions occurring in less than 1% of ‘Monocid’-treated 
patients were: 
Hypersensitivity Reactions: Fever, rash, pruritus, erythema, myalgia and 
anaphylactoid-like type reactions have been reported. 


Hematology: Decreased WBC, neutropenia, thrombocytopenia, positive Coombs’ 

test. 

Diarrhea. 
DOSAGE AND ADMINISTRATION 
General 
The usual adult dosage is 1 gram of ‘Monocid’ given once every 24 hours, intra- 
venously or ty deep intramuscular injection. Doses in excess of 1 gram daily are 
rarely necessary; however, in exceptional cases dosage of up to 2 grams given 
once daily have been weil tolerated. When administering 2 gram I.M. doses once 
daily, one-hali the dose should be administered in different large muscle masses. 
Surgical Prophylaxis 
When administered one hocr prior to appropriate surgical procedures (see Indications 
and Usage), a 1 gram dose of ‘Monocid’ provides protection from most infections due 
to susceptible organisms throughout the course of the procedure and for 
approximately 24 hours after administration. Intraoperative and postoperative 
administration of ‘Monocid’ is not necessary. Daily doses of ‘Monocid’ may be 
administered for two additional days in patients undergoing prosthetic arthroplasty 
or open heart surgery. 
In cesarean section ‘Monocic’ should be administered only after the umbilical cord has 
been clamped. 

General Guidelines for Dosage of ‘Monocid’, I.V. or I.M. 

















Type of Daily Dose 

Infection (grams) Frequency 
Uncomplicated Urinary Tract 0.5 once every 24 hours 
Mild to Moderate 1 once every 24 hours 
Severe or Life-Threatening 2* once every 24 hours 
Surgical Prophylaxis 1 1 hour preoperatively 





“When administering 2 gram I.M. doses once daily, one-half the dose should be administered in 
different large muscle masses. 

Impaired Renal Function 

Modification of ‘Monocid' dosege is necessary in patients with impaired renal 

function. Before prescribing, consult Dosage and Administration section of complete 

prescribing information. 

HOW SUPPLIED 

‘Monocid' is supplied in vials equivalent to 500 mg. and 1 gram of cefonicid; in 

“Piggyback” Vials for I.V. admixture equivalent to 1 gram of cefonicid; and in 

Pharmacy Bulk Vials equivalent to 10 grams of cefonicid. 
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Anal Continence Following Soave Procedure 


Analysis of Results in 100 Patients 





LESTER W. MARTIN, M.D. 
JOSEF E. FISCHER, M.D. 


HAZEL J. SAYERS, R.N. 


The Soave procedure is an increasingly popular procedure for 
the definitive therapy of patients with ulcerative colitis. The au- 
thors present their experience with 100 patients in whom total 
proctocolectomy, rectal mucosal stripping, and ileoanal anas- 
tomosis (generally using an S-pouch) were carried out. The 
physiological and anatomical basis of continence is presented, 
and anastomosis at the top of the columns of Morgagni is rec- 
ommended. Of the 100 patients in whom this procedure was 
performed, there was no mortality either in-hospital or later. Of 
the 12 patients in whom the anastomosis was done 1 cm above 
the top of the columns (and thus colummar epithelium was re- 
tained), six have recurrent anorectal disease, but all are continent 
both day and night. Three patients in whom the anastomosis 
was done at the dentate line have had difficulty with continence; 
two are now continent, but one, after being totally incontinent 
for 4 years, has required a permanent ileostomy. Of the 69 pa- 
tients in whom the anastomosis was done at the top of the columns 
of Morgagni, five are incontinent at night only and two have 
seepage during both day and night. Thus, if the anastomosis is 
done at the level recommended, namely, at the top of the columns 
of Morgagni, retaining no columnar epithelium and anastomosing 
the ileal pouch to transitional epithelium (which the authors 
believe not to be subject to the disease of ulcerative colitis), 
daytime continence will be achieved in 97% and total day and 
night continence in 90%. The evidence presented suggests that 
a properly done pull-through procedure with ileoanal anastomosis 
is the procedure of choice for ulcerative colitis. 


HE ROLE OF SURGERY in inflammatory bowel dis- 
ease of the colon differs depending on the diag- 
nosis. In granulomatous inflammatory bowel 

disease (GIBD, Crohn’s disease of the colon, granulo- 
matous enteritis), surgical treatment of the colonic lesions 
is generally confined to severe complications that com- 
promise the ability of the patient, a situation similar to 
that of regional enteritis confined to the small bowel. The 
reason is obvious: recurrence is common, and “cures” 
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probably amount to Jess than 50% of those patients op- 
erated on. 

For those patients identified as having ulcerative colitis, 
however, the role of surgery is a much more salutary one, 
since total proctocolectomy results in cure. In addition, 
there is a controversial but definitely increased incidence 
of carcinoma as the duration and activity of the disease 
increase.! Ulcerative colitis is often a disease of relatively 
young individuals. Until recently, with the alternative to 
a diseased colon being permanent ileostomy, there was 
reluctance on the part of both physician and patient for 
total proctocolectomy, even for severe disease or when 
the incidence of carcinoma was definitely increased, for 
example, when random biopsy on routine colonoscopy 
showed moderate to severe dysplasia. 

With the advent of sphincter-saving operations, such 
as first proposed by Ravitch and Sabiston,?° and adapted 
by Martin** from the Soave procedure’ performed in the 
pediatric population for Hirschsprung’s disease, total 
proctocolectomy with preservation of continence has be- 
come a reality. One of the goals of this operation is total 
continence, both day and night, so that patients can lead 
essentially normal lives. 

The achievement of the goal of total daytime and 
nighttime continence, however, differs widely between 
various series, with some series reporting nighttime in- 
continence as high as 34%.® In this study, we review our 
experience with our first 100 cases of pull-through pro- 
cedure, generally carried out with an S-shaped pouch, with 
an eye toward the anatomical features that we believe are 
associated with true continence. The results, herein re- 
ported, suggest that the level of anastomosis is critical in 
determining whether the patients will have normal bowel 
function and normal daytime and nighttime continence. 
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Fic. 1. The three zones of the rectum are pictured. See text for details 
on physiology and anatomy. 


The Physiology of Continence 


To understand the basis for the operative procedure 
we propose, a brief description of the anorectal canal and 
its anatomical zones is appropriate (Fig. 1). 


Zone I 


Zone I is the true anal canal, below the dentate line. It 
is also called the vermilion because the color resembles 
the vermilion of the lips. Squamous cell epithelium is 
present. It differs from the true skin in that there are no 
hair follicles or sweat glands. Sensation is acute but mean- 
ingless, since by the time stool is appreciated in this area 
it is beyond the sphincter. The acute sensation, however, 
results in a great deal of pain and irritation should the 
patient experience leakage. 


Zone LI 


This is the area of the columns of Morgagni above the 
dentate line to the tops of the columns. The color of this 
transitional epithelium is more violaceous. The epithelium 
itself is cuboidal, not rectocolumnar epithelium, and thus 
is not subject to the disease of ulcerative colitis. True pain 
sensation is absent; however, there are delicate proprio- 
ceptive nerve endings constituting the afferent phase of 
the reflex arc, which are believed to constrict the invol- 
untary sphincters, thus being responsible for continence. 


Zone Lil 


This is the area above the columns of Morgagni. The 
transitional epithelium ends and the proper mucous-con- 


MARTIN AND OTHERS 


Ann. Surg. » May 1986 


taining glands containing columnar epithelium begin. 
This epithelium is subject to the disease of ulcerative co- 
litis. Proprioceptive nerve endings are deep within the 
muscle wail of the rectum. Upon distention, they are likely 
responsible for the sensation of the urge to defecate. This 
area, however, is thought not to be involved in triggering 
the involuntary sphincter reflex. 

Thus, on a theoretical basis, an anastomosis should be 
performed at the tops of the columns of Morgagni, where 
transitional epithelium not subject to ulcerative colitis ex- 
ists, and where nerve fibers responsible for continence 
exist, below the rectocolumnar epithelium, which may be 
involved with ulcerative colitis. This is also the area where 
the involuntary sphincter would be triggered. As with 
many operations, results depend on a balance of removing 
all of the diseased mucosa while preserving, however, those 
aspects of sphincter function that are responsible for con- 
tinence. 


Patient Data 
Patient Population 


At the University of Cincinnati Medical Center, we 
have adopted the philosophy of trying to perform a single 
operation for ulcerative colitis, the so-called ileoanal pull- 
through (Soave) procedure with an S-shaped pouch 
whenever possible. This is easily done electively, but con- 
tinued activity, especially in the rectal segment, sometimes 
necessitates inpatient hospitalization and preparation of 
the patient in order that the rectal segment be sufficiently 
quiescent so as to allow mucosal stripping.® Outpatient 
preparation includes sulfa compounds and systemic ste- 
roids, but especially steroid enemas. When these fail to 
promote rectal quiescence for the 4-5 inch segment of 
rectum required, inpatient hospitalization with total par- 
enteral nutrition (TPN), sulfa-containing drugs, rectal 
steroid irrigations together with systemic steroids, as well 
as intravenous antibiotics for periods of | to 6 weeks, will 
be required to allow healing of the critical 10 or 12 cm of 
rectal mucosa that will be stripped during the operation. 
Obviously, in the event that the ulcerations are too deep 
and not healed, one may inadvertently leave nests of mu- 
cosa that may subsequently become carcinomatous. These 
retained areas of mucosa may also interfere with a satis- 
factory result. 

In a nonelective situation, such as massive hemorrhage 
or toxic megacolon, patients under go subtotal colectomy, 
leaving the rectum for a future procedure. We have also 
carried out a number of procedures in patients who have 
had a previous total abdominal colectomy with the rectum 
retained. Patients who have had attempted pull-through 
operations and other procedures that have failed and have 
been reoperated on by us are not included in this report. 
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While other centers have adopted an age limit on pa- 
tients undergoing the procedure, we have not. Our oldest 
patient is 67 years old, and a number of patients are 55 
years of age and above. Our impression is that these pa- 
tients do as well as younger patients, and that an age limit 
is unnecessary. 

Obviously, there are situations in which patients with 
ulcerative colitis should not undergo this procedure. An 
example of this might be a patient with a carcinoma and 
widespread disease where the rectum is relatively spared, 
in whom an ileorectal anastomosis might be appropriate. 
There are several patients in this series who have been 


ms 


operated on for carcinoma, but, in the absence of obvious: 


~widespread disease, a Soave procedure has been under- 
taken. 
Technical Details 


The operation is carried out by two teams working si- 
multaneously, utilizing Lloyd-Davies stirrups. This allows 


one team to work within the abdomen while the other . 


team carries out the ileoanal anastomosis. As we have 
-gained experience with the procedure, operative time has 
decreased to the point where it is routinely between -3.5 
and 4.3 hours, and the requirement for transfusion is rare. 


There is a learning curve to this, as with all other proce- . 


dures, and it is fair to say that the operation currently 
carried out at the University of Cincinnati Medical Center 
is not the same procedure as was done 5 years ago but 
has been extensively modified technically, often in subtle 
ways unnoticeable even to the surgeons. 

There are several aspects to this procedure that we be- 
lieve may be important to continence. Mucosal stripping 
is almost exclusively carried out from above. This may 
be important, especially in older patients, to prevent 
everting the rectum and thus possibly damaging some of 

, the delicate nerve supply. Other technical details include 
a small pouch, no more than 8-9 cm on a side, which 
resides entirely in the sacral hollow and below the pelvic 
floor. There is a completely diverting ileostomy of the 
Brooke type with the distal end turned in, which is closed 
after approximately 4 months. The loop ileostomy, which 
has been done in children, is fraught with technical mis- 
adventures in adults.? A further point concerning the 
pouch is that we use an S-shaped pouch whenever possible. 
The segment of bowel exiting the pouch should be only 
between 1-1.5 cm in length, sufficient so that the finger 
can enter the pouch with ease with rectal exam. We believe 
that, in the operation described by Parks,'° the segment 
that exits the pouch is too long, and, for that reason, these 
patients have difficulty in emptying the pouch. 


> Report of the Series 


Our series represents 100 consecutive cases of personal 
experience (LWM and JEF). Forty-nine patients are less 
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than 18 years of age, mostly adolescents, and 51 are over 
18 years old, with the oldest patient being 67 years old. 


. Eighty-eight cases are ulcerative colitis and 12 are familial 


polyposis. Included in the latter group are patients with 
previous ileorectal anastomoses for familial polyposis, who 
have been converted to the pull-through procedure be- 
cause of strictures and the concern that the stricture rep- 
resented malignant change. In the ulcerative colitis group, 
there have been approximately 10 patients in whom the 
final pathology report has‘been indeterminate. These pa-- 
tients appear to do as well as those patients with a defin- 
itive pathologic diagnosis of ulcerative colitis. 

There has been 98% follow-up of the cases. For patients 
from out of town, we have contacted the referring phy- 
sician, seen the patients in our offices, or been in contact 
by phone. For the purposes of this review, one of the 
authors (JEF or LWM) or a research nurse contacted the 
patient to determine the state of continence. 

Most of the patients had been on steroids (40-100 g 
prednisolone/day) for uncontrolled ulcerative colitis. A 


` number of the patients with chronic ulcerative colitis, and 


a few with frank carcinoma without spread, have had the 
operation performed because of severe dysplasia. 


Level of Anastomosis 


The level of the anastomosis was decided prospectively 
and verified by reviewing operative notes and by physical 
examination as well as proctoscopy and sigmoidoscopy. 


Results 


One hundred patients formed the subject of this study. 
Forty-nine are children (i.e., under the age of 18) and 51 
are adults. There have been no operative deaths and no 
late deaths in the series. Follow-up is complete in all but 
two patients, whose movement from their original places 
of residence have made it imposible to locate the patients 
or their physician. Of the remaining 98 patients, 14 are 
awaiting ileostomy closure and therefore have not been 
considered further since we cannot judge continence. The 


- remaining 84 panco form the basis for the review of this 


series. 

Of the 84 patients, 12 are in group I, in whom at least 
a 1 cm cuff of columnar epithelium was preserved at the 
time of operation. All of these patients are continent both 
day and night, but six have experienced recurrent ano- 
rectal disease, presumably a recurrence of the original dis- 
ease in the residual columnar epithelium. Three of the 
six have experienced more than one episode, and in one 
patient it has occurred four times. All but one have re- 
sponded promptly to hydrocortisone suppositories. In an 
additional patient, systemic prednisone has been pre- 
scribed because of noncompliance with rectal supposi- 


tories. 
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TABLE 1. Comparison of Average Number of Stools per Day ia 
Patients with S-shaped Pouch versus J-shaped Pouch 





Average Number of Stools per Day 








Number 1 week 1 year 
of Patients after Operation after Operation 
S-pouch 93 6-8 2-4 
J-pouch 7 8-12 6-8 





In group II, comprised of three patients, the anastomosis 
was carried out at the dentate line. There has been no 
recurrent disease. All of these patients have had problems 
with continence, as will be subsequently detailed. 

The remaining 69 patients forming group III have had 
the anastomosis at the top of the columns of Morgagni 
and the ileostomy has been closed. 

Of the 84 patients available for analysis, four have per- 
manent ileostomies. One patient subsequently turned out 
to have Crohn’s disease with recurrence in the pouch, 
finally requiring resection of the pouch and permanent 
ileostomy. In another patient, from group H, severe 
nighttime incontinence persisted for 4 years, after which 
the patient chose to return to a permanent ileostomy. In 
a third patient, operated on early in the series, pelvic sepsis 
due to a pelvic abscess created so much induration that 
did not resolve that ongoing sepsis resulted in a permanent 
ileostomy. A fourth patient was lost to follow-up for 16 
years and subsequently has recently reappeared with a 
permanent ileostomy performed in another city. We have 
as yet been unable to determine the reason for the ileos- 
tomy. 


Continence 


Group I (1 em of columnar epithelium cuff). All patients 
are continent. 

Group II (anastomosis at the dentate line, columns of 
Morgagni stripped). There is no recurrent disease, but all 
three patients have had great difficulty with continence. 
One remains continent after a 2-month initial period of 
soilage. One patient experienced nighttime incontinence 
for | year but subsequently has remained continent for 
the succeeding 10 years. In a third patient, nighttime in- 
continence persisted for 4 years, and the patient chose to 
return to a permanent ileostomy, as was mentioned ear- 
lier. 

Group III. After an initial period of experimentation, 
we have attempted to do all of the operations with the 
anastomosis at the level of the top of the columns of Mor- 
gagni. At the present time, 69 such operations have been 
carried out in patients who have had their ileostomies 
closed and can be evaluated. The transitional epithelium 
has been retained in this group of patients. Of these 69 
patients, seven have difficulty with continence. Of these 
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seven, five patients are totally continent during the day 
and have seepage at night that requires a pad. These pa- 
tients are, respectively, 5 years, 20 months, 5 years, 3 years, 
and | year following ileostomy. Additionally, two patients 
are incontinent both day and night at 18 and 21 months, , 
respectively, despite medication that includes opiates. ™ 
Thus, of those patients in whom the anastomosis has been 
carried out at the top of the columns of Morgagni, close 
to 90% are continent day and night. Analysis of these 
cases reveals that in two patients, stripping was probably 
carried out a little beyond the top of the columns of Mor- 
gagni. 

Another cause of incontinence in patients who have 
been previously well appears to be pouchitis, resulting in 
uncontrollable diarrhea. In two additional patients, who 
were previously continent both day and night, the occur- 
rence of pouchitis, diagnosed by history, physical exam- 
ination, and visual examination of the pouch, responded 
to Flagyl® and continence returned. 


S-pouches versus J-pouches 


As stated earlier, the technical aspects of the operation* 
on a theoretical basis dictate that an S-shaped pouch be 
carried out with a short egress loop of no more than | to 
1.5 cm, so that the pouch can be easily digitalized. The 
S-pouch has been carried out in all but seven patients, in 
whom difficulty in the length of the blood supply or in 
the way the pouch lay, if it were to be constructed as 
fashioned, dictated that a J-pouch be carried out. This 
has given us the opportunity to compare these two 
pouches. Those patients with a J-pouch have a greater 
number of stools both 1 week after operation and ap- 
proximately | year after operation (Table 1). Whether 
this is due to the anatomical set-up, to the fact that the 
peristalsis has not been interrupted, or to the lack of an 
efferent loop is not apparent from this study. 


Discussion 


Ulcerative colitis is a disease primarily of the young. 
Its complications include debility, extensive morbidity, 
bleeding, and loss of work. 

In addition, there is a significant risk of cancer, which, 
although controversial, appears to increase geometrically 
as the duration and activity of the disease surpass 10 years. 
The object of operation in ulcerative colitis is to com- 
pletely rid patients of the disease and rehabilitate them 
to function normally in society. That most of these pa- 
tients are young people dictates that an operation that 
does not interfere with courtship and subsequent marriage 
is preferable. Because of this, there is great interest in the | 
Soave (or pull-through) procedure as originally proposed 
by Ravitch and Sabiston,?* and pioneered and modified 
by Martin.*-° However, in several series, there has been 
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a substantial incidence of nighttime incontinence, leading 
the patient to wear a pad and at times causing discomfort 
because of irritation. To our way of thinking, the presence 
of this incontinence interferes with total rehabilitation and 
. may interfere with the desirability of operation if a sub- 
stantial incidence of nighttime or even daytime inconti- 
nence is present, thus interfering with the patient’s com- 
plete return to normal function within society. 

In this paper, we have described what we believe to be 
the anatomical and physiological basis for continence, that 
is, the neural supply (described by others) that requires 
that in the rectal mucosal stripping, so essential a part of 
the Soave procedure, the columns of Morgagni and their 
delicate nerve supply be preserved. We also believe that 
doing the stripping from above and not everting the rectal 
mucosa may lessen damage to this delicate nerve network. 
Thus, we continue to advocate the stripping of rectal mu- 
cosa completely from above, a technique that we believe, 
with practice, is just as easily achieved as everting the 
rectum. 

The results of this study suggest that after the initial 

„a period of trial and error in determining the level of the 
anastomosis, the anastomosis is properly done at the top 
of the columns of Morgagni and, if properly carried out, 
will result in total continence in the overwhelming ma- 
jority of these patients, thus enabling return to society. 
Our experience suggests that the transitional epithelium 
covering the anorectal columns of Morgagni must be pre- 
served to ensure continence of liquid stool both day and 
night, and that sensory nerve endings in the area must be 
preserved to initiate reflex closure of the sphincters. Clin- 
ically, while ulcerative colitis may include the transitional 
epithelium by both gross and microscopic examination, 
our experience suggests that the involvement of transi- 
tional epithelium may represent a secondary phenomenon 

«a, similar to “backwash” ileitis, and that it is reversible and 
does not occur after the more proximal columnar epithe- 
lium has been removed. Conservation of the muscular 
wall of the rectum above the level of the columns appears 
to protect the deeper proprioceptive nerve elements, thus 
preserving the sensation of a full rectum, which may be 
significant in the ability to differentiate stool from flatus. 
(Incidentally, the ability to differentiate stool from flatus 
is the last feature of rehabilitation from this operation and 
it often takes up to a year for patients to learn this ability. 
The assumption of a knee-chest position and passing of 
gas may facilitate the learning of this ability.) 

If the patient is properly prepared and there is no sig- 
nificant inflammation of the rectal segment, the ideal level 
of the anastomosis can be identified by gross inspection. 

f the gross appearance is distorted by inflammation, 
- ‘preservation of 1 cm of the muscosa above the dentate 
line may be sufficiently accurate, but it is preferable that 
the local mucosa be free of disease at the time of operation 
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to permit accurate identification of the landmarks and 
thus afford better healing. 

A complete review of our results following this opera- 
tion is beyond the scope of tbis article. Suffice it to say 
that in 100 patients there has been no operative mortality 
and no later mortality. The incidence of pouchitis in this 
series is 7%, but it is not clear what this represents. It may 
represent stasis secondary to a stricture, which has oc- 
curred in two or three patients in this series and required 
antibiotic control, or it may (as others have suggested) 
represent a recurrence of inflammatory bowel disease, in 
which case it responds either to Flagyl or sulfa drugs. In 
our series, the overall incidence of pouchitis has been less 
than 10%, although it is not clear that pouchitis will not 
continue to recur in an increasing number of patients as 
the distance from the operation increases. However, we 
have extensive 5 and 6-year follow-up on a variety of pa- 
tients, both children and adults, and it does not appear 
as if this incidence is increasing. 

Finally, it does not appear necessary to have an upper 
age limit for this procedure. We have performed the op- 
eration on a number of patients over 55 years of age, and 
it is clear that they do as well as patients who are younger. 
Thus, contrary to the opinion of some, the operation need 
not be limited to children and is perfectly suitable for 
adults even in the older age group. 


Conclusion 


As things presently stand, the pull-through procedure 
as currently described is probably the procedure of choice 
for ulcerative colitis. It has not gained universal accep- 
tance, because of its technical difficulty, the amount of 
time necessary in its performance, and’ the usual skepti- 
cism. In our hands, however, it gives very satisfactory 
results with very little long-term morbidity. If proper con- 
tinence can be achieved following the pull-through pro- 
cedure for ulcerative colitis, rehabilitation of patients and 
their return to function in society and a normal lifestyle 
is assured. 
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DISCUSSION 


Dr. JUDSON G. RANDOLPH (Washington, D.C.): I apologize for rising 
again, but I was given the privilege of reading this manuscript, and I 
think you can recognize that this is really what our Southern Surgical 
Association is all about-—-wonderful, unbelievable surgical experience, 
which takes into account the anatomy and the physiology of the patients 
both before and after their disease is treated and then a very careful 
analysis of the results, [ then am cheerleader for Dr. Joe Fischer and his 
several colleagues, most notably Dr. Lester Martin. 

This work had its beginning, at least in this country, in 1947 in a 
paper presented by a young imaginative surgeon named Dr. Mark Ravitch 
and a medical student not yet able to put M.D. after his name, Mr. 
David Sabiston. The essence of the operation, as they described it, for 
various forms of benign disease of the colon was a mucosal stripping of 
the rectum, seen here in this slide. (Slide) I think you can see the circular 
muscle of the rectum and the mucosa stripped away as the seromuscular 
tunnel is prepared to receive the normal bowel. It was in 1964 that 
Franco Soave of Genoa adapted the Ravitch-Sabiston procedure so suc- 
cessfully to Hirschsprung’s disease that it has become a very frequently 
performed procedure. 

Dr. Lester Martin first performed this procedure in a child with ul- 
cerative colitis in 1967, and that beginning culminates in this beautiful 
presentation today of 100 patients in both the childhood and adult ages. 
On reading the manuscript, you will recognize the enormous operative 
effort that is described, and you will see what a fundamental contribution 
Dr. Fischer has given us today. In the colitis patients, the operative tech- 
nique is difficult to master, Dr. Fischer, and so I ask you and Dr. Martin 
several questions. 

You spoke of a learning curve, and we would like to know what are 
the most difficult elements of this operation in the ulcerative colitis pa- 
tient? Is it more difficult in the adult? What differences do you find that 
the use of pouch makes versus no pouch? How does one recognize the 
columns of Morgagni in patients that are so severely diseased? 

Finally, if you know, whatever became of that medical student named 
Sabiston? 


Dr. HARVEY J. SUGERMAN (Richmond, Virginia): I rise to bring to 
the attention of the presenter, Dr. Fischer, the fact that we have done 
34 of these procedures at the Medical College of Virginia. In 21, we used 
the standard J-pouch by Utsunomiya, 11 with a reversed J-pouch, and 
two with an S-pouch. We have been able to do the stripping in all of the 
patients from below and have only found it necessary to strip for ap- 
proximately 5 cm, rather than 10 as proposed by the Cincinnati group. 
We have connected the ileum to the dentate line and have not had a 
problem with incontinence. There has been a problem with patients 
having to get up at night to have a bowel movement, but they were not 
having accidents after | month following ileostomy closure. 

The reason for doing the reverse J-pouch and the S-pouch was that 
our patients with the standard J-pouch had, as in the Mayo Clinic series, 
an average of six stools per day, with a range of four to 12. We wanted 
te decrease the frequency of stools with these other pouch types. Un- 
fortunately, there has been an unacceptable incidence of complications 
with the reversed J-pouch, and, thus, we have switched to the S-pouch. 

We have also found that we can usually close the ileostomy sooner 
than 4 months. The vast majority of our patients have had their ileos- 
tomies closed at 6 weeks following the ileoanal procedure and a few as 
soen as 4 weeks. My main question concerns the need for the Jong rectal 
stripping. In our experience, it can all be done from below to just above 
the levator sling, with a dentate line anastomosis. This provides excellent 
rectal continence. 


Dr. LESTER W. MARTIN (Closing discussion): First, | would like to 
express my appreciation to Drs. Hutson and Sawvers and the Program 
Committee for allowing us to present our material. 


Dr. Randolph asked: “Is the procedure more difficult in the adult than 
it is in the child?” Certain pathologic and physiologic differences do 
influence the technique and can add to the complexity of the procedure. 

The mucosal stripping is more difficult if the rectum has been diseased 
for a number of years. Submucosal fibrosis and scarring tend to cause 
the mucosa to be more adherent. Long-standing disease is also associated 
with complications of the disease such as amyloidosis, hepatic fibrosis, 
and colonic carcinoma. With advancing years, the anorectal musculature 
becomes weaker, so that beyond the age of 50, the incidence of incon- 
tinence will be increased by any compromise of technique. 

The teenager affords the surgeon a wider margin for error because he 
is strong and healthy; his muscles are strong, and healing is prompt. 

“How do you recognize the columns of Morgagni?” It is best to time 
the operation when the area is not inflamed. The columns are distinct 
and the mucosa has a slightly violaceous hue. When they are diffusely 
inflamed, they are difficult to recognize. If one is forced to operate when 
the area is inflamed, one simply must estimate the level. My own policy 
in this situation is to leave 1.0 to 1.5 cm of mucosa above the dentate 
line, leaving more mucosa in the older individual to assure complete 
continence. Also, the older individual is probably less likely to develop .. 
recurrent disease in a small area of retained mucosa than is the younger ~ 
patient. 

Dr. Sugerman, the mucosal dissection can be accomplished either 
from above or from below, but it must be performed with care and 
precision. We believe that the technique sometimes advocated of mo- 
bilization of the mucosa to the dentate line, then eversion to permit an 
easier anastomosis outside the anus, can cause damage to some of the 
delicate muscles and nerves that are so important in involuntary con- 
tinence. 

“Can one get by with a shorter segment of stripping?” Yes, I think 
one can. When we first began doing the operation, we attempted to do 
it the way Dr. Soave described it; namely, beginning the mucosal dis- 
section well above the peritoneal reflection. We now begin the dissection 
below the peritoneal floor and develop a cuff approximately 5.0 cm in 
length. Anatomical studies suggest that dissection outside the muscular 
wall lower than the 5.0 cm level is likely to endanger the delicate nerves 
to the bladder and to the ejaculatory mechanism. 

“Can one close the ileostomy in less than 6 months?” Yes, I think 
one can close them in less than 6 months. We closed one after | month 
because of complications of the ileostomy in a markedly obese patient, 
but we do not advise it. Most of the patients are chronically ill. Their 
wound healing is poor. Several weeks may be required to taper the sys- 
temic steroids. It is simply a good policy to have the patient in good 
health before what is essentially an elective procedure. It is important 
that the pelvic extraperitoneal suture lines be well healed. To close the 
ileostomy too soon is to invite disaster. 

I understood Dr. Sugerman to say that he did the anastomosis at the 
dentate line and that he had encountered no incontinence. Resection to 
the level of the dentate line should result in daytime voluntary continence 
but soilage at nighttime. We call this an unsatisfactory result. 1 also un- 
derstood Dr. Sugerman to say that in 10 patients, he did a “reverse J 
pouch.” I do not think I know what a “reverse J pouch” is and can not 
visualize what he is describing. Maybe he is creating a type of reversed 
loop that is building in a partial obstruction, which, in turn, produces 
continence. 

As far as the configuration of reservoir, an S or a J or a Fonkalsrud 
isoperistaltic reservoir probably is of little significance. Of far greater 
importance is its location beneath the peritoneal floor. Other than that, 
it must be attached low—to the top of the columns—and it must be of 


sufficient diameter to prevent apposition of its walls with a peristaltic a 


wave to avoid creating an urge to defecate with every peristaltic wave. 
It should be large enough to provide sufficient storage so that the patient 
has an acceptable stool frequency. 

Dr. Randolph’s comments were of interest. 

We appreciate the privilege of the floor. 


Fatal pulmonary embolism 
doesn’t happen often. 


But once is enough. 
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Ri the odds 

in your favor 

with 

EMBOLEX°* ` 


(DHE 0.5 mg/heparin 5000 units) ¥ 


Injection. 


Your first line of defense 
against postoperative 
deep-vein thrombosis and 
pulmonary embolism! 


Craxces ARE, you've never seen a pulmonary 
embolism (PE), much less a fatal one. Even so, 
you know the consequences can be catastrophic. 
Sudden death at the worst. Full anticoagulant 
therapy and prolonged hospital stay at best. 

You never know for sure when PE will 
strike—even for those patients you know are at 
risk. But now there és a way you can put the odds 
in your favor: with Embolex Injection, the latest 
advance in the prevention of postop deep-vein 
thrombosis (DVT) and PE. 

When you prescribe Embolex therapy for 
your patients over age 40° who are undergoing 












major abdominal, pelvic or thoracic surgery, you 
put the odds in everyone’s favor. Your favor. Your 
patient's favor. Your referring physician's favor. 
Your hospital's favor. 


An advanced two-pronged defense. 
Only Embolex Injection provides an advanced, 
two-pronged defense against postoperative deep- 
vein thrombosis and pulmonary embolism. 

Because only Embolex Injection, a unique 
combination of low-dose heparin and dihydroer- 
gotamine, acts to prevent two of the three major 
factors that contribute to DVT. 


Prevents hypercoagulability.’ 
The low-dose heparin component in Embolex 
Injection acts to prevent hypercoagulability, but 
without an increased risk of bleeding. 
A US. multicenter study involving 16 indi- 


+f" vidual centers revealed no statistically significant 


difference in postop bleeding between Embolex 
Injection and placebo. Excessive postop bleeding 
was 2% in both cases. Wound hematoma was 3% 
with Embolex Injection and 2% with placebo. 


Prevents venous stasis: 
The dihydroergotamine component in Embolex 
Injection acts to prevent venous stasis—something 
heparin alone can't do. 
Remarkably, Embolex Injection increases 
venous tone up to 250% and venous blood flow 








by up to 50%. Yet, because of its venous selectiv- 
ity, Embolex Injection affects heart rate, cardiac 
output and other hemodynamic parameters only 
minimally.** 

This unique combination of actions adds up 
to an impressive record of efficacy. 


44% decrease in DVTs compared 
with heparin: 
The same U.S. multicenter study confirmed 
a 44% decrease in DVTs as diagnosed by the 
radiofibrinogen uptake test compared with low- 
dose heparin: 


Embolex 


If Embolex Injection can reduce the inci- 
dence of RFUT-diagnosed DVTs, it can also reduce 
the incidence of clinically relevant DVTs. 


Putting the odds in your favor 
is safe, easy, and inexpensive. 

Embolex Injection is easily tolerated! One 
subcutaneous injection two hours preop and one 
injection b.i.d. for five to seven days postop is all 
it takes. 

The average cost to the hospital is less than 
$5.00 per day—a small price to pay for peace 
of mind. 

So wouldn't you agree Embolex Injection is 
well worth evaluating? The results are impressive 
and the risks relatively few. 


E Put the odds in your favor, 


(dihydroergotamine mesylate and heparin sodium; 
with lidocaine HCI) Injection 
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Before prescribing or administering, see package circu- 
iar for full product information. The following is a brief 
summary. 


__EMBOLEX 


(aihydroergotamine mesylate and heparin sodium; 
with lidocaine HCH) Injection 





INJECTION 


indications and usage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCI) Injection (a 
low-dose regimen) is indicated for the prevention of post- 
operative deep venous thrombosis and pulmonary embo- 
lism in patients undergoing major abdominal, thoracic, or 
pelvic surgery (see DOSAGE AND ADMINISTRATION). 
Such prophylaxis should generally be reserved for patients 
over the age of 40 who are undergoing major surgery. 
Cantraindications: Embolex (dihydroergotamine mesy- 
late and heparin sodium; with lidocaine HCI) treatment is 
contraindicated in patients who have previously shown 
hypersensitivity to heparin, ergot alkaloids, or lidocaine. 
This combination is also contraindicated in patients with 
known peripheral vascular disease, coronary insufficiency, 
angina, severe hypertension, impaired hepatic or renal 
function, sepsis, severe thrombocytopenia. or in patients 
receiving oral anticoagulant therapy. 

Heparin should not be administered to patients with an 
uncontrollable active bleeding state, or patients unable to 
submit to suitable blood coagulation tests (e.g., whole 
blood clotting time, partial thromboplastin time). While 
Embolex {dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) contains heparin, this con- 
traindication refers to full dose heparinization. Embolex 
(dihydroergotamine mesylate and heparin sodium: with 
lidocaine HCl), which utilizes low dose heparin as one ot 
ts components, does not require monitoring of patients 
faving normal coagulation parameters. 

DHE possesses oxytocic properties. Therefore, Embolex 
idihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection should not be administered dur- 
ing pregnancy. 

Warnings: Need to Rule Out Bleeding Disorders: All patients 
should be screened prior to administration of Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) prophylaxis to rule out bleeding disorders; 
appropriate coagulation tests should be repeated just prior 
te surgery. Test values should be normal or only slightly 
elevated at these times. 

Caution in Disease States in Which There is an Increased 
Danger of Hemorrhage: Emboiex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCI) Injection 
stouid be used with extreme caution in disease states in 
wnich there is increased danger of hemorrhage. The poten- 
tial for increased bleeding both during and alter surgery 
should be considered. Some of the conditions in which 
increased danger of hemorrhage exists are: 
Cardiovascular: Subacute bacterial endocarditis: severe 
hypertension. 

Surgical: During and immediately following (a) spinal tap 
or spinal anesthesia or (b) major surgery, especially involv- 
ing the brain, spinal cord, or eye. 

Hematologic: Conditions associated with increased bieed- 
ing tendencies, such as hemophilia, thrombocytopenia, 
and some vascular purpuras. 

Gastrointestinal: Ulcerative lesions and continuous tube 
drainage of the stomach or smali intestine: liver disease 
with impaired hemostasis. 

Thrambocytopenia: Thrombocytopenia has been reported 
to occur in patients receiving heparin with a reported inci- 
dence of 0 to 30%. Mild thrombocytopenia (count greater 
thar 100,000/mm?) may remain stable or reverse even if 
heparin is continued. However, thrombocytopenia of any 
degree should be monitored closely If the count falis below 
100,900/mm? or if recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUTIONS), Embolex idihy- 
droegjotamine mesylate and heparin sodium; with lidocaine 
HC!) administration should be discontinued. 
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Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) injection does net have fibri- 
nolytic activity; therefore it will not lyse preexisting or estab- 
lished deep vein thrombi. If clinical evidence of 
thromboembolism develops despite Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCI) prophylaxis, this should be discontinued and full ther- 
apeutic coses of anticoagulants administered unless 
contraindicated. : 

Arterial Spasm: DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do so less commonly than other ergots. This action 
appears to be dose-related; however, some patients may 
demonstrate individual sensitivity to the agent. 
Vasospastic reactions are manifested by intense arterial 
vasoconstriction, producing signs and symptoms of periph- 
eral vascular ischemia ie.g., muscle pains, numbness, cold- 
ness and pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
spasm can result in serious morbidity (gangrene) or death, 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) should be discontinued imme- 
diately if signs or symptoms of vasoconstriction develop. 
in worldwice experience with Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCI}, 
representing about 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating condition 
such as sepsis. In most cases, cessation of Embolex (dihy- 
croergotamine mesylate and heparin sodium; with lido- 
caine HCi) and institution of vasodilator therapy reversed 
the vasospasm. 

In Clinical trials of Embolex (dihydroergotamine mesylate 
and heparin sodium; with lidocaine HCl) there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome”: Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resuiting from irreversible aggregation of plate- 
lets induced by heparin, the so-called white clot syndrome. 
The process may lead to severe thromboembolic compli- 
Cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, pulmonary embolism and stroke. 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with ‘idocaine HCl) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance: increased resistance to heparin has 
been frequently encountered in fever, thrombosis, throm- 
bophlebitis, infections with thrombosing tendencies, myo- 
cardial infarction, cancer and in postsurgical patients. 
increased Risk in Oider Women: A higher incidence of 
bleeding has been reported in women over 60 years of 
age. 

Laboratory Tests Periodic platelet counts, hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardiess of the route 
of administratior. 

Drug Interactions: Agents of the ergot alkaloid class, of 
which DHE is a member, have been shown to interact with 
antibiotics of the macrolide class, resulting in increased 
plasma levels of the unchanged aikaloid. 

Platelet aggregation is the main hemostatic defense of hep- 
arinizad patients. Drugs which interfere with platelet aggre- 
gation reactions (such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxychloroquine and others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCH Injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium. 

Drug/Laboratory Test interactions: Hyperaminotranstera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage cf patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are important in the differential diagnosis of myo- 
cardial infarction, liver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
{dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) injection] should be interpreted with caution. 
Carcinogenesis, Mutagenesis, Impaiwment of Fertility: No 
jong-term studies in animals have been performed to eval- 
uate carcinogenic potential of either DHE or heparin. Also, 
no reproduction studies in animats have been performed 
concerning mutagenesis or impairment of fertility. 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS. 

Nursing Mothers: Heparin is not excreted in human milk. 
it is not known whether DHE is excreted in human milk 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Emboiex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCI} 
Injection is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness of DHE in children 
has not been established 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chief complication that 
may result from Emboiex idihydroergotamine mesylate and 
heparin sodium: with lidocaine HCI} administration (see 
WARNINGS). An overly prolonged clotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug (see OVERDOSAGE). 
Deep subcutaneous administration of Embolex (dihydroer- 
gotamine mesylate and heparin sodium: with lidocaine 
HCI) injection may produce local irritation, mild pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 


SANDOZ PHARMACEUTICALS 
Division of Sandoz Pharmaceuucals Corporation 
£ East Hanover. NJ 07936 


HEMORRHAGIC COMPLICATIONS U.S. STUDY 
Number and Percentage of Patients 









































TREATMENT GROUP 

Complication | DHE/HEP | DHE/HEP 

i 5000 2500 | HEP 5000 Miacebo 
Excessive 
Postoperative | N= 212 | N= 227 | N=220 IN= 106 
[Bleeding q 4 (2%) | 8 (4%) 7 (3%) 12 (2%) 
: Mean 
| Change in 
Hemoglobin 
Levels in N=165 | N=169 | N=173 | N=8t 
gm/100 mi cae HS ~14 ~h2 L5 
Pretreatment 
vs. Day 5 
Postop a į . 
Wound N= 208 | N=219 | N= 216 [N= 109 
Hematomas 6 (3%) 4 (2%) 7 (3%) | 2 (2%) 
Hematoma at | N= 209 | N= 225 | N= 221 [N= 109 
[!njection Site | 24 {11%} je? (42%) | 26 (12%) af 7 6% | 
Microscopic 
Hematuria- 
Day 5- N= 156 | N=157 | N=159 | N=77 
All Patients- 38 (24%) | 43 (27%) | 41 (26%) 128 (36%) 
Catheterized & 
Uncatheterized $ RS J 





Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes, muscte pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 
Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphylactoid reactions, including 
shock, have also been reported more rarely. Itching and 
burning, especially on the plantar side of the feet, may 
occur, 
Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30%. 
While often mild and of no obvious clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
in preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting: 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
troilec trials for ali treatment groups pooled: 
INSTANCES OF ADVERSE EFFECTS* 
U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) CLINICAL TRIALS 



































TREATMENT GROUP J 
Complication | DHE/HEP | DHE/HEP | 
by Body 5000 2500 | HEP 5000 | Placebo 
System N= 478 | N=236 | N=232 [N= 197 
S$ Sede T a 
GASTRO- 
INTESTINAL 
Nausea 11 (2.3%) 4 (0.4%) {2 (1.0%) 
Vomiting 11 (2.3%) 2 (1.0%) 
Abdominal 
Discomfort 3 (0.6%) 
Gi Bleeding 3 {1.3%} 
{Miscellaneous | 4 (0.8%) Jin i _| 
CARDIC- 
VASCULAR 
Chest Pain 7 (1.5%) 2 (1.0%) 
Hypertension 2 (0.4%) | 2 (0.8%) 
Myocardial 
infarction 2 (0.4%) | 1 (0.4%) 1 (0.4%) 
Shortness of 
Breath 2 (0.4%) 
Tachycardia 2 (0.4%) | 1 (0.4%) 
Miscellaneous | 6 (1.3%) | 2 (0.8%) | 2 (0.9%) 
{CNS t 
Pyrexia 3 (0.6%) 

Miscellaneous | 5 (1.0%) i a 1 (0.4%) |2 (1.0%) 
TSKIN = ; q 
Rash 8 (1.7%) | 1 (0.4%) 1 (0.4%) 12 (1.0%) 
Miscellaneous | 9 (1.9%) | 1 (0.4%) 2 (1.0%) 








“Not al! of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI), as these postsurgical patients 
received other drugs. 


How supplied: Emboiex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HC}) injection is available 
as a single ampul in packages of 20 and 100 as follows: 
eo 0.5 mg/2500 USP Units Heparin/Lidocaine HCI 

5.33 mg 

Package of 20 ampuis (NDC 0078-0118-03). 

Package of 100 ampuis (NDC 0078-0118-05). 

This combination strength is not currently available. 

DHE 0.5 mg/5000 USP Units Heparin/Lidocaine HCI 
7.46 mg 

Package of 20 ampuls (NDC 0078-0119-03). 

Package of 100 ampuls (NDC 0078-0119-05). 

Store and dispense: Store below 77°F (25°C), dispense 
in light-resistant containers. 


Manufactured by Sandoz, Ltd., Basle, Switzerland for 

Sa idoz Pharmaceuticals Corporation, East Hanover, 
NJ 07936 
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...in severe post-op N&V 


Compazine’ 


Bends Injection 5 mg./ml. 


, prochliorperazine 
Available in 25 mg. suppositories, too. 


Do not use ‘Compazine’ in pediatric surgery. 
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The antiemetic 
physicians 
prescribe most* 


COMPAZINE’* 


brand of 


prochlorperazine 


See complete prescribing information in SK&F literature or POR. The toliowing is a 
brief summary. 


indications: For controi 
Contraindications: Comat 
pediatric s 
for conditor 
Warnings. The extrapyramidal symptoms which can occur secondary to Compazine 
may be confused with the central nervous system signs of an undiagnosed primary 
disease responsible for the vomiting, e.g., Reye's syndrome or other encephalopathy. 
The use of ‘Compazine’ and other potential hepatotoxins should be avoided in children 
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Gastroesophageal Reflux 
pH Probe-directed Therapy 





MAX L. RAMENOFSKY, M.D. 


Two groups of newborns and infants with gastroesophageal reflux 
(GER) were retrospectively analyzed for the diagnostic accuracy 
and therapeutic guidance offered by extended intraesophageal 
pH monitoring. There were 28 patients in group I whose major 
presenting sign was recurrent pneumonia due to GER, and 22 
patients in group II, with apnea caused by GER. The pH probe 


, was 100% accurate in identifying the presence of GER. Barium 


esophagram was accurate 46% of the time. The pH probe ac- 
curately identified the appropriate mode of therapy in all patients. 
In the medically treated GER/Pneumonia group, the mean num- 
ber of episodes of GER per 24 hours was 24, whereas in the 
surgical group the mean number was 63. Similarly, in the med- 
ically treated GER/Apnea group, the mean number of reflux 
episodes per 24 hours was 26, whereas the surgical group ex- 
perienced 64. Had the pH probe been used to guide therapy, no 
patient would have been treated inappropriately. The number of 
patients in this report is not large. Prospective verification of 
these observations is required before this methodology can be 
utilized routinely in patients with GER. 


HE MAJORITY, if not all, newborns have an in- 
competent esophagogastric junction (EGJ). Most 
commonly, this phenomenon is explained by an 

intra-abdominal esophagus that is extremely short, re- 
sulting in a very narrow high pressure zone, which allows 
for frequent gastroesophageal reflux (GER).! The majority 
of newborns manifest physiologic GER, that is, asymp- 
tomatic GER. Symptomatic GER occurs in a small per- 
centage of all newborns. Because of the protean nature of 
GER in this age group and the dire consequences of 
pathologic GER,” e.g., recurrent pneumonia, apnea, and 
failure-to-thrive, those working in the field have unsuc- 
cessfully attempted to find a modality that would not only 
diagnose GER but would also indicate the need and type 
of therapeutic intervention appropriate for the individual 
patient.*'° 
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P. WILLIAM CURRERI, M.D. 


From the Division of Pediatric Surgery, University of South 
Alabama College of Medicine, Mobile, Alabama 


Barium esophagram, esophagogastric manometry, ra- 
dionuclide milk scans, and the intraesophageal pH probe 
have all been utilized as therapeutic/diagnostic modalities. 
None of these modalities have, thus far, proven adequate 
for both diagnostic and therapeutic direction. The purpose 
of this report is to describe a previously unappreciated 
nuance of extended intraesophageal pH monitoring that 
has the benefit of providing highly sensitive diagnostic 
accuracy as well as objective, specific data, which may be 
used to make a therapeutic decision. 


Clinical Material and Methods 


During the past 4 years, 50 patients, ages 1 week to 6 
months (mean: 3.4 months) were seen and evaluated pro- 
spectively by the Division of Pediatric Surgery at the Uni- 
versity of South Alabama Medical Center. Two groups of 
patients based on major presenting symptomatology were 
defined. Group I (28 patients) had as its major presenting 
symptom recurrent pneumonia, defined as two or more 
documented episodes of pneumonia occurring in a 2- 
month period. Group H (22 patients) had apnea as its 
major presenting symptom, which was defined as two or 
more documented episodes of apnea that required phys- 
ical intervention for reversal, e.g., CPR. by parents, house- 
staff, nursing personnel, or paramedics. 

All patients were evaluated by barium esophagram and 
24-hour intraesophageal pH monitoring, among other di- 
agnostic modalities. After the diagnosis of GER had been 
established and full diagnostic evaluation had ruled out 
other causes of the pneumonia or apnea, all patients were 
entered into an intensive medical regimen for control of 
the symptoms of GER. This regimen included frequent 
low volume feedings, thickening of feedings (rice cereal, 
one tbs/30 ml formula), best therapeutic positioning as 
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FIG. 1. Intraesophageal pH tracing with three episodes of GER in 15 
minutes. 


identified by the pH probe,° metoclopramide (0.1 mg/ 
kg), and, for those infants suffering apneic episodes, con- 
tinuous intensive apnea monitoring at home. Therapy 
was continued for a period of 6 weeks or until it became 
obvious that the rigorous medical regimen was ineffective 
in controlling the major symptom. Patients failing to re- 
spond to this intensive medical regimen underwent a 
“floppy” Nissen fundoplication. 

After achieving effective control of the patients’ symp- 
toms by either medical or surgical means, the pH probe 
study was retrospectively evaluated for frequency of epi- 
sodes of GER. The pH probe analysis was not compli- 
cated. The number of episodes of reflux was determined 
by counting the number of times the pH fell below four 
for longer than 10 seconds (Fig. 1). 


Results 


The 50 patients were divided into two groups, as pre- 
viously described. There were 30 female and 20 male in- 
fants in the entire group, with a proportionately equal sex 
distribution between the two groups. 


TABLE |. Other Manifestations of GER in Group I 
Patients with GER/Pneumonia* 








No. 
Atypical asthma 8 
Vomiting & FTT 5 
Vomiting—no FTT 2 
Esophagitis 4 
Sandifer syndrome I 
S/P E.A. TEF 2 
No other symptoms 6 
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TABLE 2. Other Manifestations of GER in Group H 
Patients with GER/Apnea* 








No. 
Pneumonia 4 
Vomiting & FTT 2 
Vomiting—no FTT 8 





*N = 22. 


Other manifestations of GER were identified in each 
group. In the GER/Pneumonia group (28), there were 
eight patients with atypical asthma, five with vomiting 
and failure-to-thrive, two with vomiting but without fail- 
ure-to-thrive, four with esophagitis, and one with the San- 
difer syndrome. Two infants had previously undergone 
repair of esophageal atresia and tracheoesophageal fistula. 
Three patients in this group had no other symptoms of 
GER. Multiple symptoms of GER occurred in 60% of 
this group (Table 1). 

There were 22 patients in the GER/Apnea group. As- 
sociated manifestations of GER were identified in 14 in- 
fants and included pneumonia (4), vomiting with failure- 
to-thrive (2), and vomiting without failure-to-thrive® (Ta- 
ble 2). Sixty-four per cent of patients in this group had 
multiple symptoms of GER. 

All patients had both a barium esophagram and an 
extended, 24-hour intraesophageal pH probe. Twenty- 
three patients (46%) had the diagnosis made by the barium 
esophagram, whereas in all patients (100%) the pH probe 
identified the presence of GER (Table 3). 

Surgical therapy was not offered on the basis of the 
presence of GER alone, but only on the clinical grounds 
of the medical therapy being ineffective in controlling 
symptoms. Fourteen infants in the GER/Pneumonia 
group (14/28) required surgical intervention. Thirteen of 
these (13/14) have had no recurrence of their pneumonia 
or other symptoms during a follow-up of 6 months to 4 
years. One patient had had multiple episodes of pneu- 
monia but has only recently been shown to be immu- 
nologically compromised. 

Those infants in group I who were treated medically 
(14) similarly have done well. Two (2/14) have had re- 
peated episodes of pneumonia, one of whom was shown 
to be immunologically compromised and the other re- 
quired an antireflux procedure and subsequently has done 
well. The remainder of the group have resolved all of their 
reflux symptoms. 

The review of the group I pH probe studies has revealed 
a significant difference between those patients who were 
treated surgically versus medically (Table 4). The fre- 
quency of GER in terms of number of episodes of GER 
per 24 hours revealed that those patients who responded 
to nonsurgical therapy had a mean of 24 episodes of GER 
per 24 hours, whereas those who required surgical inter- 
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TABLE 3. Diagnostic Accuracy of the Barium 
Esophagram and pH Probe 
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TABLE 4. Episodes of Reflux per 24 Hours Identified by the 
DH Probe in Group I Patients 








Results* 
Barium swallow 23/50 (46%+) 
pH probe 50/50 (100%+) 





* The pH probe provides 100% positive results in the entire group of 
50 patients. 


vention to control their symptoms had a mean of 63 ep- 
isodes of GER per 24 hours. The overlap between the 
surgical and medical portions of the group is indicated in 
Figure 2. As is evident, there was overlap in only two 
patients, the medically treated infant who eventually re- 
quired an antireflux procedure to control symptoms and 
the surgically treated infant who was immunologically 
compromised and did not need an antireflux procedure. 

Thirteen of the 22 infants in the GER/Apnea group 
required surgical intervention to control their symptoms. 
Nine (9/22) infants in this group were treated medically. 
All patients in this group have done well, with no recur- 
» rence of their symptoms. 

Analysis of the pH probe results in the GER/Apnea 
group revealed a pattern that was not dissimilar to the 
GER/Pneumonia group (Table 5). Those patients re- 
quiring an antireflux procedure had a mean score of 67 
episodes of GER per 24 hours, whereas those in the med- 
ical group had a mean score of 26. There was no overlap 
between the two groups (Fig. 2). 

Had therapeutic decisions been made on the basis of 
the pH probe results alone, one patient in the entire group 
would not have responded to treatment. Although that 
patient had reflux demonstrated by both the barium eso- 
phagram and pH probe, this patient’s symptoms were not 
due to GER but to an immunoglobulin deficiency. Ad- 
b ditionally, the number of episodes of GER this patient 
~ demonstrated was 32, clearly within the nonsurgical range. 
Similarly, the surgically treated patient who was ultimately 
shown not to have needed the antireflux procedure had 
38 episodes of GER per 24 hours. This patient fell within 
the nonsurgical group. 


Discussion 
Diagnostic Accuracy 


There are at least four generally accepted methods of 
identifying the presence of GER: barium esophagram, 
milk radionuclide scan, esophagogastric manometry, and 
the pH probe. The time-honored method of diagnosis is 
the barium esophagram.'? The diagnostic accuracy of this 
method is 50%.'7!8 A variety of critics have felt that this 
method is either too sensitive or not sensitive enough. 

Milk radionuclide scans. The gastroesophageal scinti- 
scan was developed to obviate a major criticism of the 


Mean Number of Episodes 





(Range) 
Medical Rx (14) 24 (12-38) 
Surgical Rx (14) 63 (41-99) 





barium esophagram, namely that the x-ray provides in- 
formation only at the time the examination is being per- 
formed. The scintiscan, using technitium (Tc99) sulfur 
colloid mixed with milk, can be repeated over many hours 
without having to give more medium. The scan also has 
the potential of identifying aspiration of the radionuclide 
into the lungs. The addition of computer enhancement 
makes this modality of diagnosis very accurate for GER/ 
aspiration. The overall diagnostic accuracy of this method 
is 57~80%.!>-!8 

Esophagogastric manometry. This is an indirect method 
of identifying the likelihood of the presence of GER. It 
does not in itself identify the presence of GER. The test 
has been difficult to perform in the newborn or infant, as 
results have been variable. Although there is good cor- 
relation between decreased lower esophageal sphincter 
pressure (LESP) and GER in adults, similar correlations 
are not available in infancy when the entire clinical spec- 
trum of GER is evaluated. However, there is good cor- 
relation between children with severe clinical manifesta- 
tions of GER and low LESP.>'* Children with normal 
LESPs may exhibit GER, as do some with high LESPs. 
Diagnostic accuracy for this method is reported to 
be 41%,17:'8 

Intraesophageal pH monitoring. Extended intraesoph- 
ageal pH monitoring is the most accurate method of di- 


*p=<0.01 
ee 
p=<0.01 
o SURGICAL 
GROUP 


a =MEDICAL 
GROUP 


EPISODES OF GER/24 HOURS 





GROUP | 


Fic. 2. Episodes of reflux per 24 hours for group I (GER/Pneumonia) 
and group H (GER/Apnea) patients. Triangles indicate those patients 
treated medically and circles indicate surgical therapy. Mean reflux score 
for each subset is indicated by a solid line, with p value comparing means 
within the subset of each group. Overlap in group I could have been 
avoided if the pH score had been used to direct therapy. 
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TABLE 5. Episodes of Reflux per 24 Hours Identified by the 
pH Probe in Group II Patients 


Mean Number of Episodes 








(Range) 
Medical Rx (9) 26 (15-43) 
Surgical Rx (13) 67 (48-125) 





agrosing the presence of GER.*+*!°'!? From the literature, 
the accuracy of this method varies from 92-100%.'7~'8 In 
the present study, the pH probe identified the presence 
of GER with 100% accuracy. Two criticisms of this 
method are that the pH probe is too sensitive in identifying 
GER and that the pH probe itself causes reflux. There is 
no evidence for the latter, but the former criticism may 
have some validity. 

it is well known that the majority, if not all, infants 
have GER. Thus the pH probe may only be identifying 
that fact. The difficulty arises from the lack of specificity 
provided by this modality. The ability to distinguish be- 
tween physiologic and pathologic reflux still eludes in- 
vestigators. 


Therapeutic Guidance 


In the past, therapeutic decisions have been made on 
one of two bases: (1) lack of response to medical therapy 
or (2) the severity of the complication caused by GER.’ 
There are certain hazards in making therapeutic decisions 
by either of these methods. There is always a question as 
to whether a medical regimen will be effective in con- 
trolling the patient’s symptomatology, since recurrence 
of pneumonia or an episode of apnea may prove to be 
irreversible. 

The difficulty in making a therapeutic decision based 
on the severity of the disease process is that a number of 
these infants will have operations that may eventually be 
shown to have been unnecessary. Thus, a more accurate 
method of making therapeutic decisions is warranted. 

Other investigators have attempted to utilize the pH 
probe and esophagogastric manometrics to help in the 
therapeutic decision.4>7-'°'?'4 Those using manometry 
found that the overlap between the medical responders 
and the surgical responders was too imprecise to differ- 
entiate these two groups. The means between the two 
groups, however, were significantly different.>'* 

The evaluation of pH probe scores is an extremely 
complicated process that utilizes episodes of reflux from 
eacn of 16 pH data combinations, resulting in 15 separate 
abnormal GER subscores.*’"!” This particular method has 
not been well accepted because of its complex nature. 

The data presented in this report appear to hold the 
promise of making quicker and more accurate definitive 
treatment decisions. Potentially, this would have the effect 
of decreasing the morbid consequences of undergoing a 
period of unsuccessful medical therapy. Additionally, if 
this method of therapeutic guidance can be verified, un- 
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necessary operations could be avoided. In the present 
study, two of 50 patients would have been treated by a 
different modality, thus changing the morbid conse- 
quences of an incorrect treatment decision. 

Why does the frequency of reflux correlate with symp- 
tomatology and the success of treatment? There is no 
documented answer, but there are several theoretical ex- 
planations. As the frequency of reflux episodes increases, 
the esophagus remains full a large percentage of the time. 
In the presence of gastric acid, esophagitis is a common 
occurrence.'? Esophagitis results in disordered esophageal 
motility with gastric contents being found frequently in 
the patient’s pharynx or mouth. This, combined with the 
intrinsic dyscoordination of the swallowing mechanism 
in infancy, makes aspiration a more likely result. Even in 
the absence of esophagitis, the frequency of a full esoph- 
agus combined with swallowing dyscoordination could 
result in aspiration pneumonia and/or apnea. 

The utilization of clinical means for directing therapy 
resulted in unsuccessful treatment for 3/50 (6%) of the 
patients, all in the GER/Pneumonia group. One patient _ 
underwent an antireflux procedure and subsequently was * 
shown to have an immunologic deficiency. The pH probe 
demonstrated that this patient experienced 38 episodes of 
GER per 24 hours, the highest number in what should 
be considered the medical treatment group. Two other 
patients were initially treated medically and were treat- 
ment failures. One required surgical intervention and 
subsequently has done well without recurrent pneumonia. 
This patient had 41 episodes per 24 hours, which places 
the patient within the group who was best treated surgi- 
cally. The other medical treatment failure was a patient 
with an immune defect and had 32 episodes of reflux per 
24 hours, clearly within the medical treatment group. Al- 
though this patient did have GER, the primary problem 
was not due to reflux. 

Patients in the GER/Apnea group were all treated ap- 
propriately on clinical grounds. The pH probe divided 
this group as accurately as did clinical acumen, but it 
could have done so in a significantly shorter period of 
time. The extreme anxiety experienced by the parents of 
a child who requires home apnea monitoring for aborted 
crib death is significant. To be able to offer an appropriate 
form of therapy based on objective data would appear to 
be a better solution than to await another episode of apnea, 
the outcome of which may not be salutary. 

The number of patients reported in this study is not 
large. Before the method of pH probe guidance can be 
routinely utilized in patients with GER pneumonia or 
apnea, a prospective analysis of this methodology must 
be done. 


Summary 


Two groups of newborns and infants with GER have 
been evaluated in this study, those with GER/Pneumonia 
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and those with GER/Apnea as their major presenting 
symptoms. The extended 24-hour intraesophageal pH 
probe diagnosed GER 100% of the time in these patients. 
Barium esophagram was accurate in diagnosing GER 46% 
of the time, 

The pH probe accurately identified the appropriate 
mode of therapy in all patients. In the medically treated 
GER/Pneumonia group, the mean number of episodes 
of GER per 24 hours was 24, whereas in the surgical group 
the mean number was 63. Similarly, in the medically 
treated GER/Apnea group the mean number of reflux 
episodes per 24 hours was 26, and the surgical group ex- 
perienced 64. Had the pH probe been used to guide ther- 
apy, no patient would have been treated inappropriately. 

The number of patients in this study is not large, and 
verification of these observations in a prospective manner 
is required before this methodology can be utilized rou- 
tinely in patients with GER. 
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Dr. EDWIN IDE SMITH (Oklahoma City, Oklahoma): Drs. Curreri and 
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still contend that the scoring of prolonged pH monitoring is less than 
highly complicated, particularly with computer program, any simplified 
test of this sort would be a great help, especially since it might aid in 
ambulatory and home monitoring. 

The infant group with GER poses two basic problems. That is, first 
how to separate the spitters from the serious refluxers, which is really to 
say: How do we define those babies who can be expected to outgrow 
their physiological reflux from those who are seriously and perhaps life 
long afflicted with GER? Also, how long should medical care be contin- 
ued, which is another way of saying: When does the maturation process, 
which we presume occurs in the physiological spitter, really occur? Is it 
somewhere around a month, or is it perhaps 3 to 6 months or later? 

The second problem is a constant problem that we have of correlating 
the clinical signs and symptoms, and often the complaints of the parent 
with the finding of the pH probe testing, which again is very muddy in 
most instances. In this regard, we can probably not expect perfect agree- 
ment but should probably settle for the type of excellent correlation that 
the authors’ results suggest they have obtained. 

Many of the infants are not tested under basal conditions as many 
are in the hospital for pneumonia or other conditions that may alter 
what would basically be a basal state. 

I do have some concerns that the authors might address. First, the 
absence of postoperative studies. We presume that all operations work 
successfully, but it would be nice to have the data to support that. 
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Secondly, a clearer definition of the time relationship of the cessation 
of medical therapy and operation. In other words, how long do you treat 
them medically if you presume they are going to get better? 

Were any of the operative groups done in less than 6 weeks of medical 
trial? 

Thirdly, since your frequency of reflux seems to correlate with Jolley 
and Johnson's mean duration of sleep reflux at greater than 2 hours 
postfeeding, have you looked into these episodes of reflux that seem 
important in the respiratory and apnea group from that standpoint? 


Dr. JAMES A. O'NEILL (Philadelphia, Pennsylvania): I rise primarily 
to ask a couple of questions. 

One of the most common reasons for operation in patients with gas- 
troesophageal reflux today is the concurrence of reflux with central ner- 
vous system syndromes, and in the majority of those patients we believe 
that any demonstrated gastroesophageal reflux requires fundoplication. 
How many of your patients had central nervous system syndromes, 
if any? 

Secondly, we have had an opportunity to do a similar evaluation over 
the last 4 years and in a group of patients that we have looked at with 
both extended and 12-hour pH monitoring, we are quite convinced that 
we can come to the same conclusions over a 12-hour period. The sig- 
nificance of that is that pH monitoring in small infants is not all that 
easy, even with very small probes. That is, some infants will have difficulty 
with respiratory problems, gagging, and the like, and thus if you can 
shorten that interval, perhaps it would be easier on the child. 

I do have one final question and that relates to the 22 patients in the 
apnea group. I think it is a significant observation on your part that not 
all patients with a pattern of apnea will require operation, as some authors 
have suggested. Your approach is more refined. 
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In that light, however, how do you know that the apnea in your patients 
was related to gastroesophageal reflux? Did any of your apnea patients 
have thermistor studies to prove that it was due to gastroesophageal 
reflux and was not primary apnea of the newborn? 

I enjoyed this valuable paper very much and particularly enjoyed the 
fact, Dr. Curreri, that you used University of Pennsylvania colors in your 
slides apropos of your origins. Thank you. 


Dr. PHILIP E. DONAHUE (Chicago, Illinois): This provocative report 
of a bimodal distribution of gastroesophageal reflux severity suggests 
several questions before we can evaluate its true import. 

First of all, since the sensitivity of the pH study was 100% in those 
with apnea, it seems that this report includes only those patients with 
apnea who had a positive 24-hour study. How many patients with apnea 
had a negative study? 

Secondly, the 24-hour pH studies have been 70% sensitive in our adult 
patients with objective evidence of gastroesophageal reflux (Schlesinger 
et al. Gastroenterology 1985; 89:797-804). In our studies, the absolute 
number of reflux episodes has not been the discriminant parameter: 
rather, the number of episodes more than 5 minutes in duration or the 
total percentage of time during which reflux occurred appeared most 
important. 

In this light, may I inquire about whether a control group was used 
as a reference for the severity score in these sick children? How many 
times does a normal baby reflux in a 24-hour period? In adults, the pH 
in the distal esophagus is less than 4 up to 7% of the time. 


Dr. HIRAM C. POLK, JR. (Louisville, Kentucky): Unlike the nit-picking 
comments and questions that have preceded me, I would like to be an 
unabashed cheerleader for this paper. It is based on a feeling of guilt that 
I have had for a very long time. 

A little more than 20 years ago, one of the first papers I wrote, co- 
authored by the late Tom Burford, dealt with the problems of hiatal 
hernia in infancy and childhood. Shortly thereafter, that paper was im- 
proved on both for quality and quantity by a report by Dr. Randolph. 
I do not know how guilty he has felt about this over the years, but I 
think we have created a monster. As a matter of fact, the prevalence of 
operations for antireflux procedures in children’s hospitals in this country 
is just astounding! It is frequently done, and, if it was underdone in the 
“SOs and °60s when Dr. Randolph and I wrote those papers, you might 
conceive that it might have been overdone in the late "70s and early °80s. 
If this is such a good idea, where has it been for so very long? 

For that reason, I think Dr. Curreri’s excellently presented paper and 
Dr. Ramenofsky’s very good work put this in very good perspective. 

A year ago in this society, Drs. Tunnell and Smith and their group 
from the University of Oklahoma pointed out that these procedures 
were not without risk. 

I think what you have now done is heard a further maturation. You 
realize, yes, there is a risk. Now you have a test that begins to pick out 
not the patients that need to be operated on but, in my mind, those 
patients that could be spared operative therapy. 

I suspect this is part of a continuum. There is a swinging pendulum. 
I think the pendulum has swung a long way in favor of the application 
of this procedure very widely, and some would even say indiscriminately 
back towards a point where you are trying to define an objective outcome 
for when this operation ought to be done on some very sick children. 

We know what the risk is from last year's meeting. I think this paper 
will have helped an awful lot for many of us who do not work in this 
field all the time to appreciate how we might objectively pick patients 
who are more likely to benefit from medical treatment and then confine 
surgical treatment for those who really need it. 


Dr. Max L. RAMENOFSKY (Closing discussion): I would like to thank 
all my discussants for the very kind comments, which are very much 
appreciated. 

Dr. Smith, the question about when medical therapy was stopped, or 
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how to make a decision to stop medical therapy and proceed with surgery 
has been difficult to determine up to the present. All patients in this 
series were entered into the medical treatment previously described, re- 
gardiess of the patient’s initial symptoms. Those patients who experienced 
one or more episodes of pneumonia within a period of 6 weeks, or those 
who had a significant episode of apnea, requiring mechanical intervention 
to reverse, were operated on at that time. As it turned out, there were 
four patients, two in each group, who were operated on before the end 
of the initial 6 weeks of therapy. 

At the end of the 6 weeks of medical therapy, the treatment regimen 
was continued, and, if further significant episodes of pneumonia or apnea 
occurred, operation was undertaken. 

We know that most infants will outgrow their symptoms of GE reflux 
by the time they reach 10 to 12 months of age. Thus, there were four 
operations done within the first 6 weeks of therapy in both groups. Ther- 
apy was continued in all infants who were not treated surgically until 
they were 10 months of age. 

Drs. Jolly and Johnson have described reflux in terms of numbers of 
episodes of reflux measured by the intraesophageal pH probe. The prob- 
lem with this particular pH probe method is the difficulty in deriving 
these scores. Drs. Jolly and Johnson have developed a very iarge flow 
sheet that must be used to determine where a patient fits. There are 16 
subscores within each pH group and all of the subscores are added together 
to come up with a total pH score. Unless one has a specific pH probe 
technician, it is extremely time consuming to compute a patient’s pH 
score. 

Dr. O'Neill, in terms of the number of patients who had central nervous 
system problems, there were none in the entire group of 50 patients. 
There was one patient who was initially thought to have a central nervous 
system problem, manifested by tics and abnormal posturing of the head 
and neck. This child turned out to have, in addition to recurrent pneu- 
monia, the Sandifer syndrome. No patients had encephalopathy, which 
both you and Drs. Smith and Tunnell have previously described. 

The question you asked, Dr. O'Neill, about whether the apnea was 
reflux related is a very difficult question to answer. We cannot definitely 
say that those children suffering apnea did so due to reflux. We attempted 
to rule out any neurological cause of apnea with EEGs and complete 
neurological examinations. The evidence, as in a number of other series, 
is indirect insofar as all patients who had a fundoplication for their apnea 
had no further episodes of apnea. However, many of the patients with 
apnea in the nonsurgical group had minor episodes of apnea until they 
were 10 months of age. These minor episodes did not require mechanical 
intervention to reverse. 

Additionally, we have not performed the fat filled macrophage study 
nor have we done nasal thermistor monitoring, as we have not had par- 
ticularly good results with this particular modality. 

Dr. Donahue, regarding your question of the patients included in the 
apnea group, we evaluated many patients who had apnea who were not 
included. A large number of patients appeared to have primary apnea 
of the newborn based on full neurological and cardiac evaluations. We 
were able to show that some of these patients had minor degrees of reflux 
but the number of reflux episodes was not significant. 

Regarding your question of the normal number of episodes of reflux 
during infancy, there is very little good information on this in the lit- 
erature. There was one study out of Salt Lake City and Mexico several 
years ago in asymptomatic children. The result of that study was that 
all children have some degree of reflux. Unfortunately, with the medico- 
legal climate, this study cannot be repeated. 

Whether or not reflux is present is not really the question. The question 
is whether the reflux causes symptoms. If the symptoms can be equated 
with the presence of reflux and if they disappear when reflux is adequately 
treated, it would appear that the reflux and the symptoms were related. 

Dr. Donahue, regarding your question on the percentage of time that 
the pH was below 4 in the surgical group, this was evaluated. Those 
patients requiring surgical therapy had a pH of below 4 in excess of 15% 
of the total time. 
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Demonstrated to cause significantly less 
fecal blood loss than aspirin (650 mg qid 
over a seven-day period). However, as with 
other nonsteroidal analgesics, SUPROL 
should be given under close supervision to pa- 
tients with a history of upper GI tract dis- 
ease. Peptic ulceration and GI bleeding 
have been reported in approximately 1% of 
patients receiving SUPROL Capsules. 
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(including renal, hepatic, or ocular). In long- 
term studies, the incidence of elevated liver 
enzyme levels for SUPROL was approximately 
1%. In all cases, the elevations were not of a 
serious nature and disappeared promptly 
upon discontinuation of SUPROL. However, as 
with other nonsteroidal analgesics, SUPROL 
should be given under close supervision to 
patients with renal or hepatic impairment. 


SUPROL is a non-narcotic, 
nonsteroidal analgesic 
that is nonscheduled and 
nonhabituating. 


*Side effects occurring in 3%-9% of patients in long-term studies include: abdominal pain, constipation, vomiting, and flatulence. 


> In long-term studies approximately 20% of the patients were discontinued due to adverse reactions. 
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SUPROL'" (suprofen) 200-mg Capsules 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 
Contraindications: SUPROL should not be used in patients 
who have previously exhibited intolerance to the drug As with 
other nonsteroidal anti-inflammatory drugs. SUPROL should not 
be given to patients in whom aspirin and/or other nonsteroidal 
anti-intlammatory drugs induce bronchospasm, rhinitis, urti- 
caria or other sensitivity reactions Rare anaphylactic reactions 
to suproten have been reported, although the aspirin sensitivity 
history of the patients is unknown 
Warnings: SUPROL (suprofen) should be given under close su- 
pervision to patients with a history of upper gastrointestinal tract 
disease and only after consulting the ADVERSE REACTIONS 
section, Peptic ulceration and/or gastrointestinal bleeding have 
been reported in 1% of patients receiving SUPROL Capsules at 
800-1600 mg/day 
Precautions: General Renal Toxicity: As with other nonsteroi- 
dal anti-inflammatory drugs, long-term administration of supro- 
fen to animals has resulted in renal papillary necrosis and other 
abnormal renal pathology In humans. there have been reports of 
acute nephritis with hematuria. proteinuria, and occasionally ne- 
phrotic syndrome 

A second form of renal toxicity has been seen in patients with 
prerenal conditions leading to a reduction in renal blood flow or 
blood volume, where the renal prostaglandins have a supportive 
role in the maintenance of renal perfusion In these patients 
administration of an NSAID may cause a dose-dependent re- 
duction in prostaglandin formation and may precipitate overt 
renal decompensation Patients at greatest risk of this reaction 
are those with heart failure. liver dysfunction, those taking di- 
uretics, and the elderly Discontinuation of NSAID therapy ıs typ 
ically followed by recovery to the pretreatment state 

Since SUPROL and its metabolites are eliminated primarily by 
the kidneys, patients with impaired renal function should be 
closely monitored, and it should be anticipated that they will re- 
quire lower doses 
Anemia In long-term studies, decreases in hemoglobin and he- 
matocrit have been reported in patients taking SUPROL. Appro- 
priate tests should be performed if signs or symptoms of anemia 
are evident 
Liver Chemistry Abnormalities. As with other nonsteroidal anti- 
inflammatory drugs. borderline elevations of one or more liver 
tests may occur in up to 15% of patients. These abnormalities 
may progress, may remain essentially unchanged, or may be 
transient with continued therapy The SGPT (ALT) test is proba- 
bly the most sensitive indicator of liver dysfunction Meaningful 
(three times the upper limit of normal) elevations of SGPT or 
SGOT (AST) occurred in controlled clinical trials in approxi- 
mately 1% of patients A patient with symptoms and/or signs 
suggesting liver dysfunction, or in whom an abnormal liver test 
has occurred, should be evaluated for evidence of the develop- 
ment of more severe hepatic reactions while on therapy with 
SUPROL. Severe hepatic reactions, including jaundice. have 
been reported with SUPROL as well as with other nonsteroidal 
anti-inflammatory drugs Although such reactions are rare, if ab- 
normal liver tests persist or worsen, if clinical signs and symp- 
toms consistent with liver disease develop, or if systemic 
manifestations occur (e g . eosinophilia, rash, etc ), SUPROL 
should be discontinued, since liver reactions can be fatal 
Peripheral edema Peripheral edema has been observed in 5% 
of patients receiving long-term therapy Therefore. SUPROL 
should be used with caution in patients with fluid retention, heart 
failure or hypertension 
Ophthalmic Symptoms: Ophthalmologic examinations per- 
formed on long-term patients both prior to initiation and after dis- 
continuation of therapy failed to show any drug-related eye 
changes Three to 9% of patients reported changes in visual 
acuity, however, and because of reports of adverse eye findings 
in animals, 1e , attenuated retinal vasculature, retinal degener- 
ation and cortical opacities in rats treated with 25 or 35 mg/kg, 
day (approximately the human dose) for 24 months (life-time 
treatment). it is recommended that patients who develop visual 
complaints during treatment with SUPROL have an ophthalma- 
logic evaluation 
Drug Interactions. Although suprofen is highly protein bound 
(see CLINICAL PHARMACOLOGY), in vitro studies have shown 
that SUPROL does not displace phenytoin. wartarin or tolbuta- 
mide from their plasma protein-binding sites As a result, the 
concomitant administration of SUPROL (suprofen) with highly 
protein-bound, weakly acidic therapeutic agents would not be 


expected to in 
fluence the effi 

acy or safety 
of these com 
pounds How 
ever. as pros 
taglandins are 
directly in- 
volved in the 
regulatory 
mechanisms 
of hemosta- 

ıs and glucose metabolism. patients on anti 
coagulant or hypoglycemic therapy should be carefully 
ybserved while on SUPROL (suprofen), as with other nonsteroi- 
da! anti-inflammatory drugs 

Patients taking diuretics are at greater risk of developing renal 
failure secondary to a decrease in renal blood flow caused by 
prostaglandim inhioition by nonsteroidal anti-inflammatory 
drugs. includimg suproten (See PRECAUTIONS— General ) 
Drug/Laboratory Test Interactions. The drug has been shown to 
inhibit platelet aggregation and prolong template bleeding time 
in vivo. but the platelet function begins to normalize within 4 
Ncurs and approaches norma! within 24 hours after the last dose 
of SUPROL. Therefore, patients who are taking anticoagulant 
apy should be carefully observed while SUPROL is 
cministered 
Carcinogenesis. Mutagenesis, Impairment of Fertility Two 2 
year Studies in rats and an 18 month study in mice were per- 
formed to evaluate the carcinogenic potential of the drug The ini- 
tial rat study had inadequate survival In mice an increased 
incidence of benign liver tumors occurred in females at a dose 
of 40 mg/kg/day (approximately three times the human dose) 
Treated male mice (doses of 2 5, 10, and 40 mg/kg/day) also 
had an increased incidence of hepatomas ‘not dose related) 
when compared to control animals No evidence of carcinoge 
y was found in doses as high as 40 mg/kg day in the rat and 
mouse Based on a battery of mutagenicity tests (Ames, Micro 
nucleus and dominant lethal) suprofen does not appear to have 
mute nic potential 

Reproductive studies in rats at a dose of up to 40 mg/kg/day 
(aoproximately three times the human dose) revealed no ım- 
ment of fertility and only slight reductions of fertility at doses 
80 mg/kg/day (approximately 6 times the clinic lose), How. 
ever. testicular atrophy/hypopiasia was observed in a six-month 
dog study (at 80 mg/kg/day) and a 12-month rat study (at 40 
mg/kg/day) 
Teratogenic Effects: Pregnancy Category B Reproductive stud- 
ies have been performed in radbits at doses up to 200 mg/kg 
day (approximately 15 times the human dose) and ın rats al 
deses up to 80 mg/kg/day (approximately six times the human 
dese) In rats, doses of 40 mg/kg/day and above. and in rabbits 
doses of 80 mg/kg/day and above, resulted in an increased in 
idence ot fetal resorption associated with maternal! toxicity 
There was an increase in stillbirths and a decrease in postnatal 
survival in pregnant rats treated with suprofen at 2 5 mg/kg/day 
and above. As with other drugs known to inhibit prostaglandin 
synthesis. an increased incidence of delayed parturition oc 
curred in rats As there are no adequate and well-controlled 
studies in pregnant women, this drug should be used during 
2gnancy only if clearly needed Because of the known effect 
of this class on the fetal cardiovascular system (closure 
s arteriosus), use during late pregnancy should be 




























avoided 


Nursing Mothers The excretion of SUPROL in milk after 2 single 
dose to nursing mothers has been measured Peak concentra- 
tions of SUPROL in milk, 0.12 to 0 23 mcg/ml at one to two hours 
were approximately 1% of the peak plasma concentrations and 
fel to 0.024-0 107 mcg/ml! four hours after drug administration 
Tne maximum total daily exposure of a nursing intant to 
SUPROL (assuming nursing at time of peak conc entration) was 
calculated fram this study to be 0 03-0 06 mg/kg/day which 
represents 0.015% to 0 03°: of the usual daily adult dose Cau- 
tion is advised in the use of SUPROL in nursing women since the 
safety of SUPROL in human neonates has not been established 
Pediatric Use Safety and effectiveness in children have not 
been established 
Adverse Reactions: Those adverse reactions listed below 
were reported in controlled clinical trials in over 800 patients 
who received treatment in studies for one week or longer. of 
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whom 537 were treated for at least three months, 331 treated for 
at least six months, and 103 for at least one year 

Gastrointestinal symptoms were the most frequently reported 
adverse experiences, ranging from 10 to 20%. in SUPROL 
(suprofen) long-term studies (see below) 

Fifteen to 20% of patients dropped out of long-term studies 
because of adverse effects 

The incidence of adverse reactions in approximately 2,000 pa- 
tients receiving short-term therapy, for mild to moderate pain or 
dysmenorrhea. was, in nearly all cases, lower than those listed 
below 
Incidence Greater Than 1%— Gastrointestinal The most fre- 
quent adverse reaction occurring with SUPROL administration 
was nausea which occurred in about 15% of the patients. Re- 
ported less frequently were’ Dyspepsia, 13%, loose stools/di- 
arrhea, 10%, gastrointestinal distress, * abdominal pain,” 
constipation,” vomiting,” flatulence,” gastrointestinal bleeding, 
stomatitis. and other bowel changes 

Central Nervous System: Headache." dizziness," sedation,” 
mood changes," sleep disturbances,” and paresthesia 

Body as a Whole. Pain* and asthenia 

Cardiovascular/Respiratory. Edema." congestion (upper re- 
spiratory),” hypertension and palpitation 

Dermatological. Dermatitis." pruritus,” and skin irritation 

Hematologic. Purpura and bleeding 

Genitourinary Urinary frequency, dysuria, and pyuria 

Musculoskeletal Muscle cramps,” bursitis 

Special Senses. Changes in vision, conjunctivitis, and 
tinnitus 
“Reactions occurring in 3% to 9% of patients treated with 
SUPROL. Reactions occurring in fewer than 3% of the patients 
are unmarked 

Incidence Less Than 1% (Causa! Relationship Probable) 
The following adverse reactions, some of which have been re- 
ported during post-marketing use abroad, occurred less fre- 
quently than 1 ın 100 The probability exists that there is a causal 
relationship between SUPROL and these adverse reactions 

Body as a Whole: Acute allergic reactions with dyspnea and 
epigiottal and/or laryngeal edema, anemia 

Gastrointestinal. Peptic ulcers gastroenteritis 

Cardiovascular Epistaxis 

Dermatologic. Rash 

Central Nervous System. Appetite changes 

Urogenital: Acute nephritis 

Incidence Less Than 1% (Causal Relationship Unknown) 
Other adverse reactions reported during clinical trials or post- 
marketing use with a frequency of less than 1 in 100, but under 
circumstances in which a causal relationship between SUPROL 
and the reaction could not be determined These rarely reported 
reactions are being listed as alerting information for the physi- 
cian since the possibility of a causal relationship cannot be 
excluded 

Gastrointestinal Jaundice 

Cardiovascular/Respiratory. Tachycardia 

Hematological. Thrombocytopenia, acute hemolytic anemia, 
leukopenia 

Genitourinary: Lime green urine 
Drug Abuse and Dependence: SUPROL (suprofen) is a non- 
steroidal anti-inflammatory agent and, therefore, is a non-nar- 
cotic, non-addicting analgesic drug 

Patients receiving SUPROL for up to six months have not de- 
veloped tolerance to the drug 

IMPORTANT. Full directions for use should be read before ad- 
ministering or prescribing SUPROL (suprofen) Capsules 

For information on symptoms and treatment of overdosage, 
see full prescribing information 
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Alkaline Reflux Gastritis 


Late Results on a Controlled Trial of Diagnosis and Treatment 
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WALLACE P. RITCHIE, JR., M.D., PH.D. 





In 1977, a controlled, prospective trial was initiated to test the 
hypothesis that excessive enterogastric (EG) reflux was respon- 
sible for a unique postgastrectomy syndrome, “alkaline reflux 
gastritis.” Late (42 + 3 months) follow-up on all treated patients 
(N = 14; Rx = 45 cm Roux Y limb) is reported. The following 
parameters were assessed in symptomatic (N = 11 nonrefluxers, 
15 refluxers) and asymptomatic postgastrectomy patients 


2f (N = 9): CCK-stimulated scintographically determined EG reflux 


(EGRI %), intragastric (IG) concentration of bile acids (BA, 
mM), net bile acid reflux/hr (uM), maximum acid output (mEq/ 
hr), intragastric pH, gastric emptying of Tc-labeled solids (T 
v2; minutes), gastritis score (GS = 0-15), and specific sympto- 
motology. A significant linear relationship was noted between 
intragastric BA concentration and the severity of histologic gas- 
tritis in the residual gastric pouch. As a group, excessive refluxers 
demonstrated significantly greater IG BA concentration, net BA 
reflux/hour, and EGRI than did either nonrefluxers or controls. 
Gastritis score in this group was also greater, intragastric pH 
higher, and maximal acid output (MAO) lower. Gastric emptying 
was not different between groups. Following Roux (N = 14), 
reflux was eliminated early and late, pH fell, MAO increased, 
and gastritis improved. Early marked delays in emptying occurred 
but normalized late and were rarely a clinical problem. Early 

„ Symptomatic results were pain eliminated in 14/14, nausea in 

8/14, vomiting 11/14, bilious vomiting in 14/14. Complications 
were one marginal ulcer (no vagotomy), two severe delays in 
emptying (simultaneous Roux + vagotomy). Late symptomatic 
results were recurrent or persistent pain in 4/14, nausea in 7/ 
14, vomiting in 5/14. Bilious vomiting remains eliminated. 


HETHER EXCESSIVE enterogastric reflux is re- 
sponsible for a unique postgastrectomy syn- 
drome, so-called alkaline reflux gastritis, re- 

mains controversial. Early clinical series suggested that 
the concomitant symptoms of continuous burning epi- 
gastric pain and vomiting associated with endoscopic ev- 
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idence of gastritis and bile staining of the mucosa of the 
residual gastric pouch could be almost universally relieved 
by shunting upper intestinal content away from the re- 
sidual stomach.'? A more recent series, however, has 
challenged this view by emphasizing cogently the unpre- 
dictable, almost random, nature of the clinical outcome 
when operation is undertaken on the basis of these findings 
alone. Furthermore, remedial operations themselves may 
produce untoward sequelae in substantial numbers of pa- 
tients.+° 

In a recent communication, it was suggested that, for 
the syndrome to be scientifically acceptable (and, there- 
fore, clinically useful), certain critical questions required 
resolution.® The most important of these was: is excessive 
enterogastric reflux the root cause of the symptoms sup- 
posedly specific to the syndrome? For this to be the case, 
it was felt that certain criteria needed to be fulfilled: the 
symptoms should always occur in the presence of excessive 
reflux; the symptoms should never occur in the absence 
of excessive reflux; and the symptoms should disappear 
once excessive reflux is eliminated. To address this issue, 
a prospective study was undertaken in 1977, the purpose 
of which was to quantitate reflux in symptomatic and 
asymptomatic postgastrectomy patients, to subject those 
identified as excessive refluxers to Roux-en-Y gastroje- 
junostomy, and to assess the long-term results of this 
procedure of both reflux and symptomatology. Early 
(14 + 1 month) results have already been described.’ We 
now report late (42 + 3 months) follow-up on all operated 
patients. 


Methods 


Thirty-five patients were studied on a total of 42 oc- 
casions, each involving a 3-day hospitalization on the 
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TABLE |. Details of Index Operative Procedures in Control Subjects, Symptomatic Patients 
Indication Ulcer Location Index Operation Reconstruction 
Bleed Obstruction Pain Duo. Gastric  PP* STGt TV+At BI BIL AC-IP§ AC-AP|| 

Control (N = 9) 2 1 6 7 2 0 1 8 l 8 6 3 
“Excessive” refluxers 

(N = 15) 5 2 8 il 3 i 3 12 l 14 12 2 
“Normal” refluxers 

(N= 11) 6 0 5 9 l 1 4 7 1 10 9 2 

* Pre-pyloric. § AC-IP = Antecolic, isoperistaltic. 


+ Subtotal gastrectomy. 
ł Truncal Vagotomy, Antrectomy. 


clinical research unit either at the University of Virginia 
Hospitals or at Temple University Hospital. The study 
protocol was approved by both institutional review boards 
and informed consent was obtained in each instance. All 
patients had undergone previous operative therapy for 
benign peptic ulcer disease. Nine subjects (mean age 55 
+ 2 years, M:F = 1.5) were recruited as control subjects 
because of the absence of any postoperative complaints 
save for occasional episodes of early satiety in two patients. 
The remaining 26 patients were referred for study because 
they experienced one or more of the following symptoms: 
epigastric pain in 23, vomiting in 23 (which was bilious 
in 17), nausea in 26, and associated diarrhea in 13. Ten 
patients had experienced some degree of weight loss, five 
were moderately anemic, and six patients gave a history 
compatible with the early postprandial “dumping syn- 
drome.” All patients were without radiographic or en- 
doscopic evidence of stomal obstruction, recurrent ulcer, 
significant reflux esophagitis, or cholelithiasis. Twelve pa- 
tients had undergone previous cholecystectomy. The in- 
terval from index operation to study was 3.1 + 0.2 years 
in the control patients, 4.3 + 1.0 years in the study patients 
(Table 1). 

Using methods that have been described in detail else- 
where, every patient was evaluated for each of the follow- 
ing parameters: specific symptomotology; histologic gas- 
tritis in both the stomal and nonstomal areas of the re- 
sidual gastric pouch, with development of a “gastritis 
score” (G.S. = 0 to 15) using criteria developed experi- 
mentally; intragastric pH in recumbency and gastric acid 
output in the upright position both in basal state and fol- 
lowing maximal stimulation with histamine; gastric emp- 
tying of solids using ?’Tc-labeled sulphur colloid mixed 
with oatmeal and milk or with eggs; and, as an index of 
reflux magnitude, intragastric bile acid (BA) concentration 
(mM/L) and net bile acid reflux (uM/hr) in recumbency, 
in the upright position, and following the ingestion of a 
liquid test meal. Bile acid studies were performed between 
8:00 and 9:00 A.M. on every case. The reproducibility of 
the assays for reflux and of the gastritis scoring has been 
verified previously.’ 


| AC-AP = Antecolic antiperstaltic. 


An additional measure of the magnitude of enterogas- 
tric reflux was the development of an enterogastric reflux 
index (EGRI%) in every patient on each occasion. In brief, 
patients were transported to the scintography suite im- 
mediately after completing the reflux studies. With the 
patient positioned supine under the detector of a gamma 
camera, five millicuries of °°Tc-HIDA (5 mg) were ad- 


ministered intravenously and count rates were recorded, 


continuously for 45 minutes or until the ®Tc activity was 
maximal in the gallbladder. The subjects were then given 
0.04 ug/kg intravenously of purified CCK. At 15 minute 
intervals for the next 2 hours, °’Tc activity was monitored 
over liver, gallbladder, biliary tree, small bowel, and re- 
sidual stomach. The enterogastric reflux index at any given 


moment time, t, was then calculated as EGRI, = (S, — S,)/ 
(HB, — HB,) X 100, where S, = the ®Tc activity in the 
stomach immediately prior to the giving of CCK; S, = °Tc 


activity in the stomach at time t; HB, = the Tc activity 
in the hepatobiliary tree prior to the injection of CCK; 
and HB, = the ”Tc-M activity in the hepatobiliary tree 
at time t. The derivation and validation of this method 
is described elsewhere.® 

Using data obtained in asymptomatic postgastrectomy 
subjects (Table 2), symptomatic patients were identified 
as being “excessive” enterogastric refluxers if they dem- 
onstrated reflux values more than two standard deviations 
beyond the mean of the control values in two of the three 
tests that directly or indirectly quantitated reflux. Fifteen 
of the 26 symptomatic patients (mean age 44 + 3 years, 
M:F 2:0) fulfilled this criterion. Eleven (mean age 44 + 3 
years, M:F 1:3) did not and were classified as nonrefluxers. 
Fourteen of the 15 patients with excessive reflux consented 
to undergo operative diversion of upper intestinal content 
away from the residual gastric pouch using 45 cm Roux- 
en-Y limb. In each, the stoma appeared patent both gas- 
troscopically and radiographically and was not revised at 


` 


operation. In {2 patients, all of whom had had a truncal | 
vagotomy performed as part of their index operative pro- 


cedure, a preoperative sham-feeding “Hollander” test was 
negative and the esophageal hiatus was not approached. 
In one patient, vagotomy had not been previously per- 
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formed and was therefore accomplished at the time of 
Roux construction. The final patient underwent recon- 
struction as a Roux without concomitant vagotomy. All 
were then restudied on two subsequent occasions: early 


ey (14+ 1 months) and late (42 + 3 months) after operation. 


“te 


Statistical analysis of the results was accomplished using 
Student’s t-test for paired and unpaired variables and chi 
square analysis, as appropriate. Correlation coefficients 

were determined from linear regression analysis using the 
least squares method. The level of statistical significance 
was taken to be the 95% confidence limit. ` 


Results 


Consistent with previous findings, a significant linear 
relationship was found to exist within the entire group 
between bile acid concentration in the recumbent position 
and the severity of histologic gastritis in the residual gastric 
pouch in areas distant from the stoma (y = 0.55x + 0.35, 
r = 0.90, p < 0.05). A similar relationship held for net 
bile acid reflux per hour in recumbency and for both bile 

}sacid concentration and net reflux per hour postprandially. 
No such relationship was apparent in the upright position. 

Thirteen of 26 symptomatic patients demonstrated ex- 
cessive reflux on all three tests designed to assess this pa- 
rameter. An additional two patients demonstrated ab- 
normalities in two of the three. Of the remaining 11 pa- 
tients, only two demonstrated abnormalities in any one 
test and then only marginally. The values obtained in the 
rest all fell within two standard deviations of the mean of 
control patients. As indicated in Table 3, the refluxing 
symptomatic patients clearly distinguished themselves as 
a group from nonrefluxing symptomatic patients and from 
controls with respect to intragastric bile acid concentra- 
tion, net bile acid reflux per hour, and enterogastric reflux 

_ index. They also demonstrated more. severe histologic 


” gastritis in the residual gastric pouch associated with a 


decreased capacity to secrete acid in response to histamine 
and an increase in fasting recumbent intragastric pH. 
Gastric emptying of a solid meal was rapid in every pa- 
tient, with no significant differences noted between groups. 

On clinical grounds, it was difficult to separate symp- 
tomatic patients with excessive reflux from those with 
normal reflux. As indicated in Table 1, there were no 
significant differences observed in the type.of index op- 
eration performed, the method of reconstruction em- 
ployed, or the indication for initial surgery. The frequency 
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TABLE 2. Reflux Values Obtained in Asymptomatic 
Postgastrectomy Patients 
IG[BA pee Net BA/Hr EGRI 
Mean 0.8 20 20 
+2 SD 2.2 n2 42 





of symptoms was also similar. In the excessive reflux 
group, epigastric pain was present in 14 of 15 patients, 
vomiting in 15 of 15, and nausea in 15 of 15. In the non- 
reflux group, pain was present in nine of 11, vomiting in 
eight of 11, and nausea in 11 of 11. Bilious vomiting was 
the only symptom encountered significantly more fre- 
quently in the excessive reflux group than in the nonreflux 
group (14 of 15 vs. 3 of 11, p < 0.05), There were also no 
differences between groups with respect to hematocrit, 
amount of weight lost, or gastrin outputs. 

As indicated in Table 4, following conversion to a 45 
cm Roux-en-Y limb gastrojejunostomy, reflux was elim- 
inated in all 14 patients both early and late, irrespective 
of the test used to evaluate this parameter. Concomitantly, 
mucosal- histology in the nonstomal area of the gastric 
mucosa improved, intragastric pH fell, and the residual 
stomach regained some capacity to secrete acid in response 
to histamine. 

The observation made in our original communication 
that creation of a Roux-Y limb resulted in marked delays 
of gastric emptying in those patients who had undergone 
vagotomy as part of their index operation is also con- 
firmed. At 14 + 1 months after operation, the half-time 
for emptying of a solid meal in these 12 patients was 146 
+ 34 minutes, compared to 41 + 12 minutes before op- 
eration (p < 0.05). In every patient, the gastroenteric 
anastomosis was widely patent both before and after op- 
eration; in no patient was revision of the gastrojejunos- 
tomy required. With the exception of two patients in 
whom vagotomy was performed coincident with the cre- 
ation of the Roux (discussed below), the observed delay - 
appeared to be of no clinical consequence whatsoever. Of 
interest, when all patients were restudied at 41 + 3 months 
after operation, the rate of gastric emptying of solids had 
returned to pre-Roux levels (39 + 13 minutes). 

Two significant complications occurred during the 
course of the study. The first developed in a 72-year-old 
male who, !7 years previously, had undergone a subtotal 
gastrectomy with Billroth II reconstruction without con- 


TABLE 3. Preoperative Assessment of Reflux, Gastritis, Gastric Acid Production, Gastric Emptying 











y IG[BA] Net BA/HR EGRI G.S. MAO IGpH T% 

1. Control N=9 0.8 + 0.2 20+ 9 2+ 5 1.8 + 0.6 1.0 0.3 5.0+0.9 38+ 8 
Nonrefluxers (N = 11). 0.5 + 0.2 15+ 6 164 9 14+0.4 1.9 + 0.4 5.3 + 0.6 47+ 9 
Refluxers (N = 15) 4.6 + 0.6* 163 + 37* 81 + 15* 6.7 + 0.9* 0.5 + 0.2* 7.0 + 0.2* 46 + 12 








* p < 0.05 vs. nonrefluxers, controls. 
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TABLE 4. Effect of Roux Conversion (N = 14) on Reflux, Gastritis, Gastric Acid Production 











IB[BA] Net BA/HR EGRI GS. MAO IGpH 
Preoperative 4.4 + 0.6 170 + 57 78 + 13 6.5 + 0.9 0.4 + 0.2 7.0+0.1 
Early (14 + 1 mo) Postoperative o* o* o* 1.5 + 0.6* 10+0.9 3.6 + 0.6* 
Late (42 + 3 mo Postoperative o* o* o* 1.3 + 0.2* 1.4 + 0.8* 2.8 + 0.9* 





* p < 0.05 vs. preoperative value. 


comitant vagotomy. At operation, his gastrojejunostomy 
was patent and was converted to a Roux-en-Y but without 
revision of the anastomosis. A truncal vagotomy was also 
performed. After operation, the patient developed severe 
gastric stasis, requiring prolonged nasogastric intubation 
and treatment with urecholine. The patient recovered and 
has had no untoward sequelae. The second complication 
developed in a 38-year-old woman who, 5 years previ- 
ously, had also undergone a subtotal gastrectomy with 
Billroth II reconstruction without concomitant vagotomy. 
She was converted to a Roux-en-Y limb, again without 
revision of the anastomosis. However, in this instance, a 
truncal vagotomy was not performed. She was placed on 
prophylactic cimetidine and restudied 9 months later. At 
that time, gastric emptying of solids was normal, and there 
was no evidence of stomal ulceration on endoscopy. 
However, | year later, despite alleged compliance with 
her cimetidine regimen, she developed recurrent epigastric 
pain that proved to be the consequence of a giant marginal 
ulcer. At this time, a truncal vagotomy was performed in 
association with resection of the gastrojejunal anastomosis 
and reconstruction as a Roux-en-Y limb. After operation, 
she also developed severe and prolonged gastric stasis re- 
quiring Urecholine® for control. She ultimately recovered 
and has been asymptomatic since. 

When all patients were evaluated for symptomatology 
14+ 1 months after operation, all 14 were free of epigastric 
pain and bilious vomiting. Vomiting had been eliminated 
in 1] patients and nausea in eight. On late (42 + 3 months) 
follow-up, however, pain had recurred in four of 14 pa- 
tients, vomiting had recurred in two additional patients, 
and one additional patient experienced recurrent nausea. 
Bilious vomiting remained absent in all patients. 


Discussion 


The accrual of 14 additional study subjects and the 
additional follow-up of all operated subjects to 42 + 3 
months confirms and extends observations originally 
made in 1980.’ Assessment of intragastric bile acid con- 
centration and net reflux per hour continue to be satis- 
factory markers of the magnitude of enterogastric reflux. 
The use of gamma scintography to develop an entero- 
gastric reflux index has the added virtue of being a non- 
invasive and, perhaps, a more physiologic assessment of 
the same parameter. In combination, the capacity of these 





tests to discriminate between refluxers and nonrefluxers 
was quite satisfactory. In addition, agreement between 
the three methods of assessing reflux magnitude was close. 
Studies on nine asymptomatic control subjects permitted 
the identification of normal values for enterogastric reflux 
postgastrectomy. On the basis of these data, it was elected 
to define excessive refluxers as discussed above. This def- 
inition is admittedly arbitrary. It should be noted, how- 
ever, that inclusion of the two excessive reflux patients 
with 33 abnormal tests in the nonreflux category or, con- 
versely, inclusion of the two nonreflux patients with '4 
abnormal tests in the excessive refluxer category did not 
significantly alter the objective results obtained in either 
group. 

As before, when histologic gastritis was scored using 
the criteria described previously, a significant linear re- 
lationship was found to exist between intragastric bile acid 
concentration, especially in recumbency, and the severity 
of histologic gastritis at sites distant from the stoma of the 
residual gastric pouch. Furthermore, the excessive reflux 
group demonstrated a mean gastritis score before opera- 
tion that was significantly greater than the remaining 
symptomatic patients or controls. Such a relationship 
might be expected based on animal experimentation.? 
Several groups have reported similar findings!*"': others, 
however, using different histologic criteria, have not.!? The 
fact that patients with excessive reflux also demonstrated 
a higher fasting intragastric pH and a lower maximal acid 
output (MAO) compared to other study subjects might 
be evidence of a decreased parietal cell mass. Conversely, 
neutralization of secreted H* by reflux might also be re- 
sponsible. The clinical lesson is clear: in view of the dis- 
parate results obtained concerning histology, the subjec- 
tive nature of histologic gastritis scoring, and the great 
potential for sampling error, it would seem unwise to rely 
heavily on morphologic criteria to identify patients with 
excessive enterogastric reflux. 

As noted previously, the symptomatic patients appeared 
quite homogeneous by other objective criteria. Most im- 
portantly, symptomatic nonrefluxers did not clearly dis- 
tinguish themselves on clinical grounds from symptomatic 
excessive refluxers, with the single exception that bilious 
vomiting was present significantly more frequently in the . 
latter group than in the former. Once again, the clinical 
lesson is clear: the routine assessment of the presence or 
absence of symptoms “appropriate” to the syndrome, with 
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the possible exception of bilious vomiting, is insufficient 
to establish the presence or absence of abnormal entero- 
gastric reflux. 

Conversion to a 45 cm Roux-en-Y limb gastrojejunos- 
tomy resulted in complete and permanent elimination of 
reflux, irrespective of the methodology employed to assess 
this parameter. Others have made qualitatively similar 
observations.'? Concomitantly, using the same histiologic 
criteria as those employed before operation, gastritis scores 
improved markedly, an observation also made by some 
but not by others using different histologic criteria or 
shorter intervals of observation.'*!? Simultaneously, in- 
tragastric pH fell and H* output in response to histamine 
increased significantly, a finding that might reflect an in- 
creased parietal cell mass. The clinical significance of this 
observation is that patients converted to a Roux, especially 
in the absence of vagotomy, are susceptible to recurrent 
ulceration on at least two grounds: absence of alkaline 
upper intestinal content at the anastomosis and recovery 
of the capacity of the residual gastric pouch to secrete 
acid. 

Also confirmed is the intriguing observation originally 
made by us that a significant delay in gastric emptying of 
solids developed early after conversion to a Roux. This 
circumstance was encountered in all patients recon- 
structed in this way who also had, on preoperative testing, 
concomitant evidence of a complete vagotomy (12 of 14 
subjects). In this group, the original gastroenteric anas- 
tomosis was not revised at reoperation nor were the vagus 
nerves touched. After operation, all stomata were widely 
patent both endoscopically and on barium study. In our 
original communication, we suggested that division of the 
afferent limb might affect the peristaltic pattern of the 
efferent (Roux) limb, resulting in delayed gastric emptying. 
Although the experimental evidence to suggest that this 
is, indeed, the case, is inconclusive, a recent clinical com- 
munication indicates that both the fasting and fed motility 
patterns of the Roux limb are markedly abnormal, indi- 
cating that it may act as an area of functional obstruc- 
tion.*!415 This, in turn, might be a consequence of iso- 
lating the limb from the pacemaker of the small bowel 
located in the duodenal bulb. 

The contribution of extragastric vagotomy to either 
gastric or Roux limb stasis is unclear. It may be of sig- 
nificance that delayed emptying appeared to be of no 
clinical consequence in the 12 operated patients who had 
undergone a complete truncal vagotomy as part of their 
initial procedure. Conversely, in two patients, truncal va- 
gotomy was accomplished simultaneously with conversion 
to the Roux; severe delays in gastric emptying were en- 
countered in both. This anecdotal experience suggests, at 
least, that simultaneous extragastric vagotomy may com- 
pound the motility defect induced by small bowel tran- 
section per se. Although the magnitude of the clinical 
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problem is uncertain, it is important to note that, in one 
recent experience, 10% of patients undergoing concomi- 
tant truncal vagotomy, antrectomy, and primary recon- 
struction as a Roux developed clinically significant symp- 
toms suggestive of gastric stasis.* Under any circumstance, 
however, long-term (42 + 3 months) follow-up of all op- 
erated patients in the present series indicates that the de- 
layed emptying noted initially normalizes at this time. 
The reasons for this circumstance are unclear but may 
relate to reconstitution of a pacesetter in the proximal 
portion of the Roux limb with restoration of normal mo- 
tility. 

The early symptomatic results observed in all operated 
patients were quite gratifying, a circumstance also noted 
by others!*: continuous burning midepigastric pain and 
bilious vomiting were eliminated in all patients, nausea 
and vomiting were relieved in most. On late follow-up, 
however, despite the complete absence of reflux, symp- 
tomatic deterioration was noted in the group as a whole. 
Epigastric pain had recurred in four patients, an additional 
patient experienced recurrent nausea, and two patients 
noted renewed episodes of vomiting. Bilious vomiting re- 
mained eliminated, as others have also noted.'* Despite 
extensive evaluation, including assessment of the hepa- 
tobiliary tree and pancreas, barium studies of the lower 
gastrointestinal tract, and computed tomography of the 
upper abdomen, no objective abnormalities were identi- 
fied in these patients. It has been reported that symptom- 
atic patients with excessive enterogastric reflux demon- 
strate significantly greater Minnesota Multiphasic Per- 
sonality Inventory (MMPI) profiles for hypochondriasis 
than do controls.'? This may account, in part, for a less 
than completely satisfactory outcome in these patients on 
a long-term basis. In any case, our data also suggest that, 
in the majority of patients with excessive enterogastric 
reflux, conversion to a long-limb Roux-en-Y results in 
sustained symptomatic benefit for at least 3 years. Whether 
this circumstance will persist for longer periods of time 
remains to be determined. 

On a more theoretical level, it is apparent that the pres- 
ent study has not achieved the central purpose for which 
it was undertaken, i.e., to prove or disprove the hypothesis 
that excessive enterogastric reflux results in a unique 
postgastrectomy syndrome. This is so because the specific 
criteria outlined above to accomplish this end have not 
been fulfilled; the only clinical symptom encountered sig- 
nificantly more often in symptomatic postgastrectomy 
patients with excessive enterogastric reflux is bilious vom- 
iting; despite complete elimination of enterogastric reflux, 
total elimination of symptoms is not achieved, especially 
in the long term. Although the outcomes observed in this 
and other series are sufficiently salutary that the existence 
of the syndrome should not be rejected out of hand, the 
prudent surgeon will undertake remedial operative ther- 
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apy with considerable circumspection and only after ex- 
cessive enterogastric reflux has been convincingly docu- 
mented and all other causes of postgastrectomy ‘‘dyspep- 
sia” have been thoroughly excluded. 
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DISCUSSION 


Dr. J. LYNWOOD HERRINGTON, JR. (Nashville, Tennessee): Dr. Rit- 
chie certainly is to be congratulated on the superb experimental and 
clinical studies that he has done over the years with alkaline reflux gastritis. 
The main drawback that has occurred with this clinical problem has 
been the general lack of objective data to define which particular patient 
with reflux will benefit from a Roux-en-Y diversion. 

The many parameters that Dr. Ritchie has outlined this morning are 
certainly of immense value in selecting the proper patients for operation. 

During the past 12 years Drs. John Sawyers and William Scott and 
myself have carried out a Roux-en-Y diversion in approximately 120 
patients. The great majority have been to correct enterogastric reflux. A 
smaller number have been done for selected cases of gastric, duodenal, 
and stomal ulceration. 

Like Dr. Ritchie, we feel that close to three-fourths of these patients 
have received benefit from the Roux-en-Y. 

Two marginal ulcers have occurred in the group, and, of course, these 
two were my brother-in-law’s patients (Laughter) and were due to an 
incomplete vagotomy. As you know, the Roux-en-Y principle is not 
ulcerogenic if it is coupled with a complete vagotomy and a good antral 
resection. 

We have found that the Roux-en-Y gastroenterostomy shows varying 
differences in emptying. Some of the Roux’s will empty normally, some 
of them will empty a little rapidly, but, as Dr. Ritchie mentioned, the 
great majority will show a delay in gastric emptying that will usually 
correct itself over a period of time. I want to focus attention just a moment 
on the problem that a small percentage of the patients that you see with 
alkaline reflux gastritis following a vagotomy with a resection, either B- 
1 or B-2, may also present the additional problem of significant delayed 
gastric emptying. The reason for this is somewhat unclear. Perhaps it is 
due to the vagotomy effect, and I would like Dr. Ritchie to elaborate 
upon that on closing. 

This emptying problem may be missed completely unless you really 
look for it, and this additional problem must be corrected at the time of 
eliminating the enterogastric reflux with the Roux. 

In our evaluations, we have found that after documenting enterogastric 
reflux with endoscopy, with biopsy, and with other appropriate studies, 
some of which Dr. Ritchie has outlined, that a routine barium study of 
the stomach is of little value in detecting coexisting delayed gastric emp- 
tying. Also, the technetium sulfa colloid study in our experience may 
give false-negative results. This may be related to the small volume of 
the isotope and the short time that it is held tagged to the chicken liver 
or to the egg. I would also like Dr. Ritchie to comment on that. 


In my judgment, the most dependable study has been a barium food 
meal and checking radiographically gastric emptying over a period of 
several hours. 

Now, the patient with a vagotomy and a modest resection, say an 
antrectomy, who experiences both alkaline gastric reflux and delayed 
gastric emptying will be cured of his reflux by the Roux-en-Y, but the 
delayed gastric emptying will persist. This represents only a small per- 
centage of patients, and in such a patient we carry out a high gastric 
resection leaving only about 5% of the gastric remnant and then doing 
the Roux-en-Y. 

We have seen around a dozen patients over the years who have pre- 
sented with this combined problem. Some of these patients have un- 
dergone four or five operations before they came to Dr. Sawyers or myself. 
They have had the Roux-en-Y revised even though there was no ob- 
struction. They have had mini-re-resections, and, certainly, I think that 
when one sees such a problem and it does not respond to intensive 
medical treatment. then one must do a very high re-resection and leave 
only a small nubbing of the stomach, again setting up a Roux-en-Y 
anastomosis. 

(Slide) This is a routine GI series with barium alone in a patient who 
has had a truncal vagotomy and antrectomy and a Billroth I reconstruc- 
tion. 

This patient over a period of time after the operation developed sig- 
nificant enterogastric reflux that was documented by appropriate studies, 
but also the patient clinically had fullness and was uncomfortable. He 
could not eat a normal meal, but you see here that the routine GI series 
shows the stomach remnant to empty normally. A technetium sulfa 
colloid study was done and here again the stomach emptied solids a little 
bit more rapidly than did the normal controls. 

The patient was then given a barium food meal, and this film was 
taken after the initial swallowing of the barium food meal. This film is 
about 30 minutes later and here you see some retention in the gastric 
remnant. 

After } hour, there is considerable retention. After 3 hours and 15 
minutes, still significant retention, and at this point the patient vomited 
a huge quantity of the barium and the eggs, and, as I say, this patient 
had been treated with intense medical treatment and was still not doing 
well. 

So we went back in on this patient and did a high re-resection of the - 
remaining remnant, leaving him about 5% of the stomach, hooking him 
up with a Roux-en-Y again. He now has no delay in emptying. You see 
the small stomach pouch connected in an end-to-side manner to the 
jejunum, and this patient has been relieved of his symptoms. 
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Dr. FRANK G. Moopy (Houston, Texas): I also rise to compliment 
Dr. Ritchie on his use of modern technology for objectively trying to 
find out what happens when you do a Roux limb reconstruction in a 
patient with presumed alkaline gastritis. 

I have been less discriminating and probably have operated on people 
that really did not have the pure form of this entity, being impressed 
with the work up in Nashville and also the report of the late Dr. Ted 
Drapanas who showed clearly that there were changes in the morphology 
of the stomach after the Roux limb. 

I have been concerned about the length of the limb that Dr. Ritchie 
has been espousing over the past few years, 45 cm, because I thought it 
was probably too short really to protect these people from the reflux of 
bile acids, but clearly his data show that this is not the case. 

I have also been concerned about using CCK to show that there is, in 
fact, reflux of the radionuclide from the duodenum into the pouch or 


remnant of the stomach, because CCK used in pharmacologic doses ' 


causes not only a contraction of the gallbladder, but also intense spasm 
of the duodenum early. He therefore may be identifying people who are 
very sensitive to this particular hormone. I hope that Dr. Ritchie will 
comment on that because he then would be identifying a population of 
people who do not necessarily have reflux of bile acid under physiologic 
conditions with eating. 

Finally, I hope you will comment on the etiology of the pain and the 
nausea because we are left with the fact that a third of these patients get 
their pain back, and half of them get back their nausea. I imagine all of 
them come back to the office if you do not keep moving as Dr. Ritchie 
seems to do, and I can say that also being a mover and taking care of a 


; very large number of these people now in two or three different locales. 
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I think that we must adopt these methodologies so that we can at least 
be talking about the same group of patients. 


Dr. KIMBALL MAULL (Knoxville, Tennessee): I, too, would like to 
compliment Dr. Ritchie. He has done probably more than any other 
single individual to prove that, in fact, this is a disease. 

We had occasion recently to review our experience with this problem 
at the University Hospital in Knoxville. (Slide) We have had 15 patients 
since 1980 who underwent some type of diversion procedure for alkaline 
reflux gastritis, and in reviewing our data it was interesting that we had 
a 40% incidence of delayed gastric emptying. When we looked at our 
data a little more closely, we found that the simple Roux-en-Y procedure 
that has been presented this morning had a much higher incidence of 
delayed gastric emptying than did the Tanner 19 modification. 

The Tanner 19 modification was originally described and recom- 
mended for patients who underwent previous Bilirotli II anastomosis 
who had a long afferent limb. 

We had 10 such patients in our group of 15, and seven were converted 
to a Tanner 19. Only one of these patients had delayed gastric emptying. 

Although this problem may not be of great clinical significance over 
the long term, it does result in considerable postoperative morbidity and 
delayed discharge from the hospital. 

My question to Dr. Ritchie is: Have you had any experience with the 
Tanner 19 procedure? Do you recommend it for patients who have pre- 
vious gastrectomy in terms of reducing the incidence of delayed gastric 
emptying? 


DR. MARK MALANGONI (Louisville, Kentucky): I also would like to 
congratulate Dr. Ritchie on a very scientific and systematic approach to 
what is usually a clinical “seat-of-the-pants” diagnosis and for providing 
information on a group of concurrently studied and operated controls. 
This helps us distinguish between the normal changes that occur after 
the Roux-Y operation and the pathologic changes that occur in the pa- 
tients tbat he studied. 

We reported a series of 23 patients who had a Roux-en-Y for this 
disorder 4 years ago and noted one patient who had symptomatic early 
delayed gastric emptying, which did resolve. This patient had a concurrent 
vagotomy. I might add that we noted that about one-fourth of our patients 


4". operated on for this disorder also required vagotomy at the time of op- 


eration for reflux gastritis. 

This prompts me to ask some questions of Dr. Ritchie to see if he can 
give some hints to those of us who care for these very difficult patients 
and their problems. You have noted a declining gastric pH over time in 
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your patients with enterogastric reflux that have responded successfully 
to the Roux-en-Y procedure. Has this led to any complications, or have 
you treated these patients in lieu of possible clinical problems? 

Secondly, what treatment do you recommend and give to those symp- 
tomatic nonrefluxers whom you have studied, and has that treatment 
influenced your results in any way? Lastly, have you treated the patients 
who have had recurrent symptoms? These are very difficult problems, 
and I would appreciate your comments. 

Thank you very much. I thoroughly enjoyed your paper. 


Dr. JOsEF E, FISCHER (Cincinnati, Ohio): Thanks to Dr. Ritchie’s 
work, this entity is being removed somewhat from the realm of the myst- 
ical and mythical to perhaps something with a physiological basis. 

There are two alternatives in the remedy of bilious vomiting. One has 
already been referred to by Dr. Maull, and that is the Tanner 19. I would 
like to ask a question that amplifies his statements. 

I noticed, Dr. Ritchie, that in your study of gastric emptying, there 
was a group in waich the standard error was fairly wide. I wonder whether 
the group of patients who had the poor long-term results were the same 
patients who had delayed gastric emptying to begin with, because I have 
always thought that the Tanner 19 was a better operation than the Roux- 
en-Y in the event that one missed the patient with efferent loop obstruc- 
tion or dyskinesia, since in the Tanner 19 you provide two ways of 
getting out of the stomach. Thus, if you are wrong on your diagnosis, 
you provide an alternative means of emptying. Therefore, I ask whether 
the group with delayed gastric emptying to begin with might do better 
with a Tanner 19 than with a simple takedown of the afferent loop. 

I look forward to additional data that I am sure you will have in the 
next couple of years. 


Dr. J. PATRICK O'LEARY (Dallas, Texas): Dr. Ritchie, this has been 
a lovely presentation. I have a couple of questions. 

Based on observations in approximately 80 such patients operated on 
before 1978 at the University of Florida, we found that symptomatic 
failure to empty properly was present in about a quarter of our patients. 
If these patients were studied with gastric emptying studies, it was found 
that fully half of them had delayed gastric emptying. 

We then apptied this procedure to a subset of patients with dumping 
following ablation of the pylorus. We found that the majority of patients 
with severe dumping symptoms resolved very nicely after a Roux-en-Y 
gastrojejunostomy was performed. 

My questions are two. One, did you have a subset of patients with 
dumping? Have you found the Roux-en-Y to be effective in that group? 

The second point I would like to have you discuss is why gastric emp- 
tying is delayed. Is there a difference in the motility in the Roux limb, 
or are other factors involved? 


Dr. C. THOMAS BOMBECK (Chicago, Illinois): I enjoyed Dr. Ritchie's 
paper very much. We, like everybody else who has dealt with this problem, 
have had the seme kinds of results, and we have, indeed, had our own 
series of 14 patents with exactly the same findings that Dr. Ritchie has 
reported. 

I would just like to suggest two possible problems here. One of them 
is that as time goes on, the similarity between reflux alkaline gastritis 
and the symptom complex and pathophysiologic complex that one notes 
with reflux esophagitis becomes more and more apparent. 

There are patients with all kinds of reflux who do not have esophagitis. 
There are patients with alkaline reflux who do not have gastritis, Other 
patients have symptoms without findings, and so forth and so on. There- 
fore, I would like to suggest, Dr. Ritchie, that your criteria for establishing 
a link between the symptoms and the disease are perhaps too rigid, and 
that our problems lie really not there but in looking at the type of patients 
who exhibit these types of symptom complexes. 

It seems to me in looking at these patients and in talking to nearly 
every one else who has them that there appears to be an identifiable 
psychological subset of patients who develop these symptoms postgas- 
trectomy. Ther are the type of patients probably who are developing a 
substitute symptom complex for the duodenal ulcer, which they managed 
to have cured by the gastrectomy and instead they have devised a whole 
new substitute series of things. Most of these patients have exhibited 
extreme passive-aggressive personality traits. 
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I wonder if Dr. Ritchie and perhaps the rest of the group have noticed 
the same sort of thing. 


Dr. ROBERT ZEPPA (Miami, Florida): Along those lines, I have been 
sitting here listening to this, and I wondered what were the indications 
for the primary operation in this group of patients. Did they really have 
the complication of peptic ulcer disease, or were they the so-called in- 
tractable group? 


Dr. WALLACE P. RITCHIE (Closing discussion): I appreciate that im- 
pressive panoply of discussants and their incisive remarks. I will try, in 
as brief a period of time as possible, to make a few responses that I hope 
will be semi-intelligible. 

Dr. Zeppa, beginning with the last question, the indications that are 
listed in the paper were fairly standard ones in terms of the distribution 
of patients that one would have been operating on perhaps 5 or 10 years 
ago. The vast majority had intractable ulcers. 

It is my impression, ofttimes, when you read the original operative 
reports, that documentation of those ulcers was frequently inadequate 
and that very much reinforces what Dr. Bombeck was talking about. 
These patients are unusual. They have been characterized as the nervous 
“pukers” of the world, and there is something to that. 

A recent, very well documented study from the Mayo Clinic indicated 
that on MMPI evaluation, they had significantly higher scores for hy- 
pochondriasis than did the controls; thus, I think there is a very strong 
psychological element involved. 

There are very many questions related to delayed gastric emptying. 
Our experience has been very similar to Dr. Herrington’s. I believe that 
it is a real phenomenon and that there are two sets of patients who are 
at risk for significant problems with delay postconversion to a Roux. 

The first and probably most important are those patients who have 
delayed emptying to begin with before they are converted to a Roux. 
That is a very dangerous situation, and my approach has been exactly 
the same as Dr. Herrington’s under these circumstances: a very extensive 
gastrectomy, making sure the vagotomy is complete. 

The second group of patients who I think are at some risk are those 
who have concomitant vagotomy and creation of the Roux. This did 
not occur in every patient who had that combination in our series, but 
if you look at larger series such as Drs. Scott’s and Herrington’s, I think 
you can anticipate it in about 10% of the patients who have concomitant 
vagotomy and Roux. Most of them will require no further operative 
therapy, fortunately. 

A couple of brief comments. We feel very confident in the technitium 
labeled sulfa colloid studies because we have a group that is extremely 
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interested in it. The key is that if you want to study solids, make sure 
that the label stays with the solid. If you are studying liquids, make sure 
that the label stays with liquids. 

In our hands, we find that the label does stay with the solid meal about 
98% of the time. 

A critical question is the role of extragastric vagotomy. Several asked 
this. I do not know the answer. In our original observations, delayed 
emptying was found in patients who had had a vagotomy many years 
previously and only had the creation of the Roux as their operative 
procedure. We speculated that postgastric delay might be due to inter- 
ruption of a duodenal pacemaker with Roux dysmotility, and, in fact, 
a recent study from the University of Florida clearly shows that the Roux 


limb is a dysmotile limb (at least at the time they studied it) with no 


fasting or fed motility patterns that are anywhere near normal, with 
major interruptions of migrating motor complexes; thus, there is Roux 
limb dysmotility. We would suggest that this is at least in part responsible 
for the delayed emptying. When you add extragastric vagotomy, I would 
suspect that you add a little extra risk. ° ; 

Dr. Moody asked about CCK and the spasm of the duodenum that 
this might cause. I think that the way in which the study is done, by 
comparing areas of interest at various times and then using the maximal 
amount (percentage) of reflux to calculate your enterogastric reflux index, 
makes that a not totally worrisome parameter. 

Several questions were asked about recurrent pain and nausea, and | 
really have absolutely no idea why they occur. I suspect that again the 
psychiatric profiles may have something to do with it. 

Does the Tanner 19 have tess delay? I have no experience personally 
with it, but I would be very interested in knowing what the objective 
data are in terms of gastric emptying, and I would also be interested in 
knowing from Dr. Maull if these patients had concomitant vagotomies 
in both groups so that we are actually dealing with the same operation 
in terms of cholinergic innervation. If what Drs. Maull and Fischer say 
is true, I believe this requires careful investigation because it may over- 
come a major problem. 

With respect to dumping, Pat, we have been interested in this operation 
for dumpers. However, none of the patients whom we have converted 
to the Roux had significant dumping before operation; thus I can not 
comment. f 

The interesting observation that emptying returns to normal 42 months 
after conversion to the Roux may suggest that the limb captures its owr 
pacemaker by that period of time and dumping may recur. 

A critical question, what to do with the symtomatic nonreftuxers once 
you have ruled out reflux in those patients. I send them to Dr. Moody, 
if I can find him. 
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m peritonitis is often 
nixed; Escherichia coli 
“and Bacteroides fragilis 
are the most common 
stiologies. 


Seriousness 
eritonitis is often life- 
hreatening—surgery 
lus an appropriate 
antibiotic can be critical 


o recovery. 


Complications 


Systemic effects of the 
fection—volume depletion 
ith hemoconcentration— 

nay lead to shock and severe 

enal damage. 
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virtually all antibiotics (including cephalosporins); therefore, it is important to consider its 
diagnosis when diarrhea develops in association with antibiotic use. 
*MEFOXIN is indicated for peritonitis caused by Escherichia coli, Klebsiella species, Bacteroides species 
including Bacteroides fragilis group, and Clostridium species. 
** In vitro activity does not necessarily imply in vivo effectiveness. 
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Stepococcus pneumoniae (formerly Diplococcus pneumoniae), other streptococci (exclucing 
erterococci, e9., Strep. faecalis). Staphylococcus aureus (penicillinase and pon-penicitlinase 
producing), Escherichia coli, Klebsiella species. Hemephilus influenzae, end Bacterorles 
species, 
GENITOURINARY INFECTIONS. Urinary tract infections caused by £. coli, Klebsiella species, 
Poles mirabilis indole-positive Proteus tie, P P reltgeri, and © vulgaris), 3 
Provelencia spec es. Uncomplicated gonorrhee yia gonorrhoeae (penicillinase 
ard non-penicilirase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 
E Klebsiella species, Bacteroides species including the 8. fragilis group § and Clastidem 
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GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 
tory cisease, caused by E. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), 
Bacteroides s S including the B. fragilis group.§ Closindium species, Peptccoccus spec es. 
Peotestrept 's species, and group B streptococci 
SEPTICEMIA caused a Strep. pneumoniae (formerly D pneumomae), Staph. aureus (penicil- 
lirase and non-penicillinase producing), £ bsiella species. and Baceraides species 
ineluding the 8. fragilis group.§ 
BONE AND JOINT INFECTIONS cai 
producing). 
SHIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (peniciinase and mn- 
penicillinase producing), Staph. epidermidis, streptococci (excluding enterocccci, eg Strep 
faecasis), E colt, ° mirabilis, Klebsiella species, Bacteroides species including the B. fragilis 
group § Closiridasm species. Peplocoscus species, and Paptostreptococcus species 
Although appropriate culture and susceptibility studies should be performed, therapy may be 
sterted while awaiting these results. Cetoxitia is nol active in vitro against most strains of Psau- 
domcnas aerug and enterococci (e.g. Strep. faecalis) and many strains of Enterobacter do 
acae. Methicilis-resistant staphylococci are almost uniformly resistant to cefoxitin, 
ce ntraindications: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti 
tatis 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE PREVICUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
PENICILLINS. OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENS TIVE PATIENTS 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- 
OMSTRATED SOME FORM OF ALLERGY PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG SERIOUS HYPERSENSITIV TY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES 
Pseudomembranous colitis, from mild to life-threatening in severity, has been re- 
pcrted with virtually all antibiotics (including cephalosporins); therefore, itis in- 
pcrtant to consider its diagnosis when diarrhea develops in association with 
artibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia: a toxin produced by Clostridium difficile is a primary cause of antibio ic- 
associated Colitis. Mild cases may respond fo drug discontinuance alone: in more severe cases, 
Menayement may include sigmoidoscopy, appropriate bacteriological studies. luid, electrotyte 
an dp gern supp ementation, and use of 2 drug such as ora! vancomycin: isolation of the patient 
mey te advisable. Other causes of colitis should also be considere: 
Precautions: Gereral- Total daily dose should be reduced in patients with reduced urinary out- 
pu due to renal insulficiency because high and prolonged serum antibiotic concentratians can 
Oceur from usual coses. Prescribe with caution in patients with a history of gastrointestinal cis- 
ease, Jarticularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms, 
ret ealed evaluation of the patient's condition is essential. If superinfection occurs, take appropri- 
ale measures. 
Orig ‘nteractions Increased nephrotoxicity has been reported following concomitant admir is- 
tra ion of cephalosporins and aminoglycoside antibiotics / 
Dr igrLaboratory west interactions. High concentrations (>> 10G meg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffe reaction and produce false in- 
creases of modest degree in creatinine jevels reported, serum samples should no. be analyzed for 
Creatinine if withdrawn within 2 hours af cefoxitin administration High concentrations may inter- 
fers with measurement of urinary 17-hydroxy-corticosteraids by the Porter-Silber reaction end 
praduie false increases of modest degree in feveis reported. A false-positive reaction for glucose 
in arine has been observed with CLINITEST t reagent tablets 
Casciaagenesis, Mutagenesis, Fertility impairment--No long-term animal study has been per- 
forned on carcinogenic or mutagenic potential. Rat studies at approximately three times maxi- 
mim recommended human dosage revealed no effects on fertility or mating ability 
Prgrancy Category B--Reproduction studies in rats and mice did not reveal teratogenic or fetal 
toxic elfects, although fetal weights were slightly decreased In rabbits. cefoxitin was associa ed 
wilh a high incider ce of abortion and maternal death, neither considered teratocenic. There cre, 
however, no adequate and well-controlled studies in pregnant women, Because animal reproduc- 
bor studies o always predicti human response, this drug should be used during preg- 
naacy only if clear y needed 
Nursing Mothers --Exereled in human milk. Exercise caution 
Peia'ric Use- Sa'ety and efficacy in infants from birth to three months have not yet been estab- 
lisned. In children three months and aider, higher doses have been associated with increased inci- 
dence of eosinoph lia and elevated SGOT 
Adverse Reactions: The most common adverse reactions have been local reactions following 
invavengus of inteamuscular injection. Other adverse reactions have been encountered nire- 
guany. Loca’ Reactions- Thrombophiebilis with intravenous administration: cain, induration. 
and tender tr intramuscular injections. Alergie Reactions —Rash (including extoliat.ve 
de matitis}, pruritus, eosinophilia, fever and other allergic reactions including araphylaxis. Car- 
jie Hypctension. Gastramnfestinal—Diarthea, including documented ¢seudomembra 
nouas colitis during or alter treatment, and, rarely, nausea and vomiting. Blood—-Eosinopht ia. 
leukopenia includ ng qranulocyopena neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function.Transient elevations in SG JE 
SGPT serum LOH, and serum alkaline phosphatase. Renal Funchon Elevations in serum creati- 
nire and/or blood urea nitrogen levels and, rarely, acute renal failure 
Nete: in group A xeta-hemolytic streptococcal infections, therapy shouid be maintained for at 
least 10 days to guerd against the risk of rheumatic fever of glomerulonephritis. In staphylococcal 
and offer infections involving a collection of pus. surgical drainage should be carried cut where 
incacaied. Intramuscular injections should be well within the body of a relatively large muscle 
suchas the upper culer quadrant of the buttock (i.e, gluteus maximus); aspiralior 1s necessary to 
avc id inadvertent mjection into a blood vessel. The total daily dosage in intarts and children 
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Highly Selective Vagotomy with Dilatation 


or Duodenoplasty 


A A Surgical Alternative for Obstructing Duodenal Ulcer 





VENDIE H. HOOKS Ili, M.D. 
JOHN F. SISLEY IlI, M.D. 


Highly selective vagotomy (HSV) is an accepted choice for the 
treatment of uncomplicated duodenal ulcer. Its use in patients 
with gastric outlet obstruction, however, remains quite contro- 
versial. Since 1980, 69 patients have undergone HSV at the 
Medical College of Georgia Hospitals. Of these, 20 (29%) un- 


. a. derwent either dilatation (14) or duodenoplasty (6) for accom- 


panying outlet obstruction. The obstruction was graded as severe 
in 17 (85%) and moderate in three (15%). Follow-up evaluation 
has included Visick grading and endoscopy. There have been 
two deaths (38 and 54 months following surgery). Both patients 
were Visick I. Of the 18 patients available for review to date, 
12 (67%) are Visick I and four (22%) are Visick II. There have 
been two failures (11%), discovered only by endoscopic follow- 
up in asymptomatic patients. No patients have required reop- 
eration. HSV with dilatation or duodenoplasty is a reasonable 
surgical alternative for the treatment of obstructing duodenal 


` uker disease. 


and highly selective vagotomy (HSV)! was in- 

troduced more than 12 years ago and duodeno- 
plasty with HSV? 9 years ago, surgeons remain reluctant 
to utilize these procédures. In a recent symposium,’ the 
panel unanimously disapproved the use of highly selective 
vagotomy in patients with gastric outlet obstruction be- 
cause of the concern of restenosis. Although the number 
of reported cases is small, there has been favorable ex- 
perience with these operations for pyloroduodenal ob- 
struction.!**”7 Influenced by the earlier successes,'? HSV 
with dilatation or duodenoplasty was performed in our 
patients requiring operation for obstructing duodenal ul- 
cer disease. This paper reports our experience to date. 


A LTHOUGH THE COMBINATION of pyloric dilatation 


Presented at the 97th Annual Meeting of the Southern Surgical As- 
+}. sociation, Hot Springs, Virginia, December 1-4, 1985. 

Reprint requests: Vendie H. Hooks M, M.D., 1430 Harper Street, 
Bldg. C, Augusta, GA 30901. 
~ Submitted for publication: December 20, 1985. 
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TALMADGE A. BOWDEN, JR., M.D. 


ARLIE R. MANSBERGER, JR., M.D. 


From the Department of Surgery, Section of Gastrointestinal 
Surgery and Surgical Endoscopy Unit, Medical College of 
Georgia, Augusta, Georgia 


Patients and Methods 


Of the 69 highly selective vagotomies performed at the 
Medical College of Georgia Hospitals over the past 5 years, 
20 patients (15 men and 5 women with a mean age of 46 
years and range of 19-67 years) had gastric outlet ob- 
struction complicating their duodenal ulcer disease. The 
patients selected for HSV with dilatation or duodenoplasty 
had a characteristic history for gastric outlet obstruction. 
Most had a symptom complex that included postprandial 
pain, epigastric fullness, nausea, and vomiting. Nine pa- 
tients had significant weight loss of 10-50 pounds. All 
patients had a previous history of duodenal ulcer, ranging 
from 3 to 40 years, with a mean duration of 9.9 years. 
Ten patients had experienced other complications. of their 
ulcer disease, with hemorrhage in nine patients and a free 
perforation in one. Liquid barium upper gastrointestinal 
series was done in only seven patients, with three studies 
showing significant obstruction. Esophagogastroduoden- 
oscopy was performed in all patients before operation (by 
two of us, VHH and TAB) and served as our determinant 
of the severity of the outlet obstruction. All examinations 
were done with the 9 mm diameter Olympus GIF-P3 en- 
doscope (Olympus Corp., Lake Success, NY). In seven 
patients, the endoscope could not be passed through either 
a pyloric or postbulbar stenosis. The channel could be 
negotiated with difficulty in 10 patients. In three patients, 
the endoscope was passed with moderate difficulty. Fifteen 
patients had active duodenal ulcers. 

Highly selective vagotomy, reproducing the technique 
of Johnston,® and dilatation as modified by Dunn‘ were 
performed in 14 patients. Following completion of the 
highly selective vagotomy but prior to the final distal de- 
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Fics. 1A and B, Initial exploration and dilatation of stenosis with index 
finger inserted through gastrotomy in area of denervation. 


nervation-devascularization, a small gastrotomy was made 
in the denervated portion of the stomach toward the 
greater curve anteriorly. The surgeon’s index finger was 
passed through the aperture to the area of stenosis and 
dilatation initiated (Figs. 1A and B). Hegar dilators were 
then passed up to and including 20 mm in size to complete 
and standardize the dilatation (Figs. 1C and D). 

Duodenoplasty as described by Kennedy? was used in 
six patients and in whom dilatation was either not possible 
or the stenosis was located so far distally that duodeno- 
plasty was felt to be more appropriate. The duodenum 
was incised longitudinally 2 cm on either side of the nar- 
rowed area and was closed transversely (Figs. 2A and B). 
In two instances, a bleeding anterior duodenal ulcer was 
removed with the duodenotomy incision. 

As a final step following closure of the gastrotomy in- 





%, 


tts, 
aM 
wi 
p< 
Hee UAE “ye 


`Me ~ 
Ma 
EE 
Z 
AHA 
EE 


j C is 
7 N 





Fics, 1C and D. Standardization of dilatation with Hegar dilators to 20 
mm size. 
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Fics. 2A and B. (4) Duodenoplasty performed by longitudinal incision 
2 cm on either side of stenosis preserving the pylorus. (B) One layer 
transverse closure of duodenoplasty incision. 


cision, intraoperative endoscopy was performed to check 
for bleeding or a leak. After the area of dilatation or duo- 
denoplasty was examined, the upper abdomen was filled 
with saline followed by insufflation of air into the stomach 
and duodenum. 

Two patients had additional procedures. Excision of a 
pure gastrin secreting peripancreatic amine precursor up- 
take and decarboxylation tumor (APUDOMA) was per- 
formed in one patient, and a second had a subtotal co- 
lectomy for multiple carcinomas. 

After operation, patients were maintained on nasogas- 
tric suction and intravenous fluids for at least 3 days. The 
patient with the peripancreatic APUDOMA was placed 
on elective extended gastrointestinal rest for 2 weeks. After 
removal of the nasogastric tube, patients were kept NPO 
for 24 hours, and then liquids were given. If tolerated, a 
regular diet was begun the following day. Patients were 
seen at 2 weeks following discharge for clinical evaluation 
and then at 2 months for endoscopic as well as clinical 
follow-up. Esophagogastroduodenoscopy was used to (1) 
evaluate the outlet, (2) grade motility, (3) estimate emp- 
tying, and (4) search for unhealed, recurrent, or new ul- _ 
cerations. If the outlet was adequate and the ulcer had 
healed, yearly clinical and endoscopic follow-up was 
scheduled. Otherwise, ulcers were followed to endoscopic 
healing. 
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TABLE |. Literature Clinical Details of Patients Treated with Highly Selective Vagotomy and Dilatation or Duodenoplasty 
Jor Obstructing Duodenal Ulcer Disease 
Outlet 
Number of Dilatation Duodeno- Follow-up Visick 1/0 Patency Reop- 
Center Year Patients (Method) plasty (Months) (Per Cent) (Per Cent) erations 
Leeds! 1973 15 Digital + 14 Hegar 1-16 90 100 0 
Belfast? 1976 25 = 25 patients 30 “Satisfactory” 100 0 
Leeds? 1976 23 Digital 4-60 91 91 . 2 (9%) 
Dublin!’ 1978 11 Digital + 14 Hegar 38. “Satisfactory” 100 0 
Birmingham’ 1978 12 12-17 Hegar 5 patients 3 “Asymptomatic” 100 0 
Brazil’! 1981 15 Digital + 14 Hegar 1 patient 14-46 67 83 0 
Cambridge* 1981 15 20 Hegar — 36-72 93 100 0 
Burlington’ 1981 18 Digital 15 79 100 0 
Leeds® 1982 75 — 48 (mean) 73 90 7 (9%) 
Augusta 1985 20 Digital + 20 Hegar 6 patients 7-58 89 94 0 
Totals 229 192, 83 96 9 (4%) 
Results endoscopic outlet stenosis, which would not admit the 


The addition of dilatation or duodenoplasty to HSV 
lengthened the operation an average of 30 minutes. Max- 
imum operative blood loss was 400 mal (one patient). In 
one patient, the pyloric cicatrix split to the serosa but the 
mucosa remained intact and there was no evidence of 
leak. 

Three instances of morbidity occurred. One patient had 
an ileus and mild hyperamylasemia. In a second patient, 


a splenic capsular tear occurred during dissection of the’ 


esophagus. The bleeding ceased after a single application 
of Avitene®. A third patient had a late partial small bowel 
obstruction that resolved with nasogastric suction. The 


' postoperative stay averaged 10-18 days and was com- 


ML, 


parable to the total group of HSV patients. There was no 
operative mortality. 

Follow-up esophagogastroduodenoscopy has been 
completed in 19 of 20 patients and is current in 14 of 18 
patients. The single patient not endoscoped after surgery 
is asymptomatic and refuses endoscopy. In addition, three 
other asymptomatic patients have declined further en- 
doscopy. Two patients have died 38 and 54 months fol- 
lowing surgery. One patient died from cardiac disease, 
and the other died from a brain tumor. Both patients 
were Visick I at the time of their deaths. 

Eighteen patients currently are available for evaluation. 
Seventeen (94%) are | year or more following surgery, 
and four patients (22%) are 4 years or more after opera- 
tion. The Visick grading is similar to that of our overall 
series with 89% Visick I and II. Of the four patients graded 
Visick II, one experiences occasional postprandial fullness, 
and three others report infrequent mild epigastric pain. 
There have been two failures (11%), both detected only 


` by endoscopic examination in clinically asymptomatic 


patients. One of these patients had a small prepyloric ulcer, 
which remained 3 months after operation. The other pa- 
tient has a 3 cm lesser curve gastric ulcer and persistent 


endoscope. Forty months after her original operation, 
balloon dilatation to 20 mm was performed. Endoscopy 
the following day revealed no duodenal ulcers and a wide 
open outlet. She remains asymptomatic and is gaining 
weight. 

Additional endoscopic findings included adequate out- 
lets in 18 patients and satisfactory antral peristalsis (>3/ 
min) in 19 patients. In two patients, soft phytobezoar ma- 
terial was present following an overnight fast. All 15 pa- 
tients with preoperative duodenal ulcerations healed their 
ulcers, and there are no duodenal ulcer recurrences to 
date. None of the patients have either dumping or diar- 
rhea, and no patient. has required reoperation. 


Discussion 


The strongest criticism of duodenal dilatation has been 
the potential for recurrent obstruction.? Review of the 
literature in which patency rates are addressed (either di- 
rectly or indirectly) indicates that over 95% (83%-100%) 
of the dilated outlets remained open during follow-up pe- 
riods ranging from 1 month to 6 years (Table 1). Satis- 
factory results (Visick gradings of I or IJ) are reported 
from 67% to 91% (average: 82.2%). The three series™®!° 
that did not use the Visick system indicated that their 
results were either “satisfactory” or the patients were 
“asymptomatic.” Of the 229 patients in the collected se- 
ries, only nine have required surgery for recurrent outlet 
stenosis, yielding a reoperation rate of 4%. 

Our outlet patency rate is 95%. The only restenosis we 
have encountered was discovered by endoscopy in an 
asymptomatic patient and responded to a single balloon 
dilatation. Balloon dilatation is technically easy to perform 
and has a low complication rate. This technique offers 
the patient with restenosis an additional option and makes 
the concept of HSV with dilatation or duodenoplasty even 
more attractive. 
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The technique of dilatation varies, but most authors 
report a combination of digital and Hegar dilatation. Only 
one group‘ enlarged the stenotic outlet to a 20 mm size 
Hegar. The others usually limited the dilatation to a 14 
mim Hegar. We have chosen to standardize our dilatation 
bv progressing to a 20 mm Hegar, reasoning that the effects 
of wound contracture would be less on a larger outlet. 

HSV and duodenoplasty are an attractive choice for a 
postpyloric stenosis. The muscular function of the antrum 
and pylorus is preserved, and uniform good results can 
usually be expected.” Nearly one third of our patients had 
a duodenoplasty, and all are Visick I with normal endo- 
scopic examinations except for postoperative deformity. 

One of the concerns about dilatation is the potential 
for perforation. Recognized perforations can be easily and 
successfully repaired or patched.'+ The undetected per- 
foration, although unusual, can be disastrous. Intraoper- 
ative endoscopy offers a simple method for the detection 
of occult leaks. 

Follow-up endoscopy has been a part of our quality 
centrol and has yielded valuable information. We have 
used this tool to evaluate our HSV technique and found 
that antral peristalsis was satisfactory in 16 patients. Two 
patients had soft bezoar material in their stomachs after 
an overnight fast. All 15 patients with preoperative duo- 
denal ulcerations healed their ulcers, and there have been 
no duodenal ulcer recurrences to date. 

Our experience encourages us to continue using highly 
selective vagotomy with dilatation or duodenoplasty in 
patients with obstructing duodenal ulcer disease. These 
are safe procedures with little morbidity when performed 
carefully. Like HSV for the other complications of duo- 
denal ulcer disease, all options remain should the need 
for additional surgery occur. However, more long-term 
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clinical studies are needed to better assess the merits of 
these procedures. 
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DISCUSSION 


DR. J. LYNWOOD HERRINGTON, JR. (Nashville, Tennessee): Dr. Bow- 
den’s paper is of great interest, and, as he states, the use of proximal 
gastric vagotomy with intraoperative dilatation is a somewhat contro- 
versial issue at present, and with this I fully agree. He reports two failures 
among 20 patients for a failure rate of 10%. However, two of the patients 
were lost to follow-up; thus, actually 18 patients were followed with a 
recurrent ulcer rate of 11%. 

it is important to emphasize that among the original 20 patients, six 
apparently had postpyloric stenosis or duodenal stenosis and were treated 
by duodenoplasty, and one would expect these six patients to do well. 
Tkat leaves 14 patients with true pyloric stenosis who apparently had 
distal pyloric ulcers extending into the duodenum that were treated with 
preximal gastric vagotomy and intraoperative dilatation. The failure rate 
among the 14 patients would thus be 14.3%. 

Í believe that most surgeons who are interested in proximal gastric 
vagotomy proceed with extreme caution in performing intraoperative 
dilatation in the presence of any degree of pyloric obstruction. 

F would like to ask why only a few of the patients in this series, only 
seven of the 20, had liquid barium gastrointestinal studies before oper- 
ation. I still think that this is an excellent preoperative examination for 
the patient with suspected obstruction, and I prefer to use it in combi- 


nation with endoscopy. The x-ray picture coupled with endoscopy, I 
think, is of extreme importance. It’s a good road map. 

Dr. Bowden, have you seen patients with a narrow outlet on endoscopy 
who really did not have gastric outlet obstruction either clinically or 
radiographically? Also, I would like to know how many dilatations are 
necessary in a single patient? Also, have you seen regeneration of the 
pyloric and duodenal mucosa taking place after dilatation or does this 
area remain fibrotic and scarred? 

It is my current feeling that proximal gastric vagotomy is an excellent 
operation to treat the patient with an intractable ulcer. I think it is a 
splendid operation in highly selected cases who present with an acute 
ulcer perforation. Also, I feel it is a useful operation in selected cases of 
massive hemorrhage. 

I personally do not feel proximal gastric vagotomy should be used in 
the patient with any degree of pyloric outlet obstruction. Certainly, it 
should not be used in patients with Type H and Type IH gastric ulcers 
who do not have obstruction. The operation is contraindicated altogether 
with these two types of gastric ulcers, and the recurrence rate has varied 
from 25 to 40%. 

I believe that a Type I gastric ulcer, a benign ulcer located along the 
insicura angularis, and | have had no experience with this but Paul Jordan 
has, can be managed quite readily with a proximal gastric vagotomy. 
According to David Johnston, the results in treating the patient with the 
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Type I gastric ulcer are just as good as those in treating the patient with 
an intractable duodenal ulcer. 

Dr. Sawyers and I have had a failure rate of around 50% in treating 
the obstructing duodenal ulcer with proximal gastric vagotomy and in- 
traoperative dilatation. Dr. Paul Jordan has had about the same per- 
centage of failures, and I believe that David Johnston has now had a 
failure rate of 16%. Dr. Ferraz of Brazil reported a 27% failure rate, and 
in a recent communication he tells me that he has abandoned the op- 
eration altogether for duodenal ulcer obstruction. 

I have certainly enjoyed this paper, and I'hope that Dr. Bowden will 
continue his good work and will report a larger series of cases to us in 
the future. However, I do not feel that these patients with any degree of 
gastric outflow obstruction should be treated with a proximal gastric 
vagotomy and intraoperative dilatation. Such cases, in my hands, are 
treated with a vagotomy and antral resection, and the poor risk patient 
with obstruction is treated with vagotomy and drainage. 


Dr. HUNTER H. McGuire, JR. (Richmond, Virginia): Ulcers that 
obstruct are truly intractable and probably the best tests of an operation; 
thus, this is a very impressive paper. Not all of Dr. Bowden’s cases were 
operated on purely for hard core obstruction, but his results clearly prove 
the effectiveness of highly selective ‘or proximal gastric vagotomy for 
obstructing duodenal ulcer. He has no endoscopic recurrences of ulcers 
that were confined to the duodenum. 

We have not done proximal gastric vagotomy in Richmond when the 
primary indication was obstruction because we have not had an oppor- 
tunity to do so since being convinced it works. We have, however, added 


_ duodenoplasty or fracture dilatation with 42F Hurst dilator passed by 


“4 


Se 


° mouth for four duodenal ulcers operated on for other reasons. None has 


recurred, I am confident that what Dr. Bowden has reported is repro- 
ducible for duodena! ulcers by anyone who does the operation correctly. 

I would beware, though, of doing this operation for obstruction by 
pyloric ulcers with muscle hypertrophy or concomitant gastric ulcer. 
These are not dependably cured by proximal gastric vagotomy, and hy- 
pertrophied pyloric muscle does not stay dilated. 

Since dividing the pylorus sacrifices the advantage of proximal gastric 
vagotomy, we prefer truncal vagotomy and antrectomy for obstructing 
pyloric channel ulcers. 

Our medical endoscopists sometimes have trouble seeing a channel 
ulcer and knowing exactly where it is, and they rarely order upper GI 
series anymore. Thus, I agree with Dr. Herrington that, for any obstructing 
ulcer, a surgeon should still order an upper GI series and look at it before 
choosing the right operation. 

It appears to me that if Dr. Bowden and colleagues had excluded their 
prepyloric ulcers, they might be boasting of 100% endoscopic cure rate. 


Dr. JOHN W. BRAASCH (Burlington, Massachusetts): President Zeppa, 
I would like to take this opportunity to express my gratitude to the 
society for admitting me to membership in this prestigious group. 

I do not ordinarily rush to the podium to tell audiences about bad 
surgical results, but Dr. Rossi and I have recently reviewed the experience 
of the Lahey Clinic with proximal gastric vagotomy in a group of cases 
that is a little unique in that it has been followed for 5 to 10 years after 
operation. 

In this group of cases, there are 19 who had a finger dilatation of an 
obstructing duodenal ulcer. Of these 19 on long-term follow-up, there 
have been eight, or 42%, who fell into the Visick 3 or 4 category. Of 
these bad results, three had recurrent ulcers. There were two reoperations. 
The rest were treated medically. There were mitigating circumstances 
in two of these eight bad results. However, we felt that this experience 
was bad enough; therefore, at this time we hesitate to use this operative 
procedure for those patients with obstructive symptoms present in their 
surgical indications. 


Dr. PAUL H. JORDAN, JR. (Houston, Texas): I think that highly se- 
lective vagotomy is a good operation. I think we have to be very cautious 
about extending its use to indications that may have a high rate of failure 
because that may kill the goose that laid the golden egg. 

I have used the operation in a smal] number of patients with pyloric 
obstruction, and, as Dr. Herrington has shown you, the failure rate is 
about 30%. 
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(Slide) If I have any doubt about whether there is obstruction at the 
operating table, I will have the anesthetist pass a 40 F dilator of the 
Hersh-Maloney type. If this can be guided into the duodenum with ease 
without any pressure, this indicates to me that the pylorus is of adequate 
size to do a highly selective vagotomy. 

This is a calibration and not a dilatation. I think that whenever you 
have to cram a Hager dilator through a tight pylorus, then that is probably 


` the case in which you should not use highly selective vagotomy. 


Thus, I think that the operation is here to stay when properly utilized. 
When dilatation of a tight, rigid stricture is required, the operation, in 
my opinion, is best not employed. I believe that Dr. David Johnston 
who introduced the concept of pyloric dilatation has given up this tech- 
nique. 


Dr. PHILIP DONAHUE (Chicago, Ilinois): While not performing duo- 
denal dilations with obstructing duodenal ulcers, several surgeons at the 
University of Ilinois at Chicago perform highly selective vagotomy with 
pyloroplasty in the treatment of obstructive duodenal ulcers, believing 
that, despite sacrifice of the advantage of lessened infection rates, PGV 
still has potential advantages, These include preservation of more normal 
gastric emptying, avoidance of gastric atony, and, lastly, possible miti- 
gation of postoperative alkaline gastritis. My questions relate to the pres- 
ervation of antral motility. 

The authors utilized endoscopic studies to the exclusion of traditional 
radiographic or physiologic studies to determine the presence of obstruc- 
tion before operation and for antral dismotility after operation. Unfor- 
tunately, it is difficult to demonstrate the validity of this approach; we 
have noted that the endoscopic view alone tends to underestimate the 
presence of obstruction and does not give a fair estimate of antral motility 
after operation. Secondly, how do you determine the distal extent of 
dissection during highly selective vagotomy? It is often difficult to have 
a concrete final end point for dissection. 

We have utilized the endoscopic Congo red test to define the antrum- 
corpus border and, at the same time, have found evidence that acid 
secretion along the greater curvature does not disappear until the gas- 
troepiploic nerves are divided. . 

Have you used intraoperative testing to define either the extent of 
dissection or completeness of vagotomy? 


Dr. VENDE H. Hooks III (Closing discussion): First, let me express 
my appreciation to the Southern Surgical Association for the opportunity 
to participate in this program. 

I can understand any and all skepticism i in regards to the techniques 
presented. Although attracted to the concept of highly selective vagotomy 
early on, I was appalled when I first assisted Professor David Johnston 
on an HSV with dilatation. However, I subsequently had the opportunity 
to study some of these patients (I might add without the Professor present). 
At upper GI endoscopy, the thing that struck me was the way these 
outlets looked and functioned in combination with the way the antrums 
functioned. In addition, these patients appeared to be doing just as well 
as the other'HSV patients. Further influenced by Terence Kennedy’s 
work in Belfast and David Dunn’s work in Cambridge, we decided to 
study HSV in our patients with obstructing duodenal ulcer. 

Drs. Herrington, McGuire, and Donahue questioned our limited use 
of barium studies to document outlet obstruction. This is certainly a 
valid criticism, and in the future we plan to obtain these routinely (where 
possible) for additional documentation. Although barium studies were 
obtained in some of our patients, we chose to rely mainly on endoscopy 
in the clinical setting of outlet obstruction. However, in these patients 
the outlet would have been dealt with by other means prior to our be- 
ginning HSV with dilatation or duodenoplasty. 

Dr. Herrington asked about mucosal regeneration. There is scarring— 
no doubt about it. Deformity as shown on our postoperative endoscopic 
photographs is present, but there is a lining as well. The pylorus never 
totally functions normally, I am sure, but there is function there. 

We likewise do not use the techniques presented for gastric ulcers with 
outlet obstruction. Admittedly, at times it is very difficult to tell whether 
the obstruction is right at the pylorus or not because there is so much 
deformity. We certainly do not intentionally use this operation in patients 
with a Type 2 or 3 gastric ulcer. We have actually only had one patient 
who went on to a postoperative dilatation, and that was the patient 
whom Dr. Bowden showed you who had the balloon dilatation. 
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We recognize that there is a problem in trying to define what is really 
outlet stenosis. Gastric outlet obstruction, as described by Sir James 
Walton as “the stomach you can hear, the stomach you can see, and the 
stomach you can feel” is the exception today. Instead, we are dealing 
with a spectrum in which subjective criteria are naturally part of the 
definition of severity. David Dunn (in Cambridge) considers an outlet 
of 10 mm or less to be severe stenosis. In our patients, we used our 
inability to pass the 9 mm endoscope as an indication of severe stenosis. 

However, size alone does not tell the whole story. We have had one 
patient following HSV with dilatation in whom we could not pass the 
9 mm scope, and at follow-up months later the patient continued io be 
asymptomatic. 

Dr. Herrington, the 16% failure rate reported by David Johnston may 
be related to his inclusion of Types H and HI gastric ulcers, to his less 
extensive distal denervation (he reports leaving additional antrum in- 
nervated in patients with outlet obstruction), or to the lesser degree of 
dilatation (David Johnston’s dilatation was only to the equivalent of a 
14 mm size Hegar). Of course, all of this is supposition. 

The 27% poor results reported by Ferraz and others represent two 
cases of recurrence (presumably recurrent ulceration) and “significant” 
gastric stasis in one patient out of a total of 11 patients in whom they 
performed HSV with dilatation. 

Dr, Jordan, I spoke with Professor Johnston last week, and he continues 
to do the operation; however, he is not “pushing it.” He has always 
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maintained that highly selective vagotomy is a very safe operation. Un- 
fortunately, after a 10-year period without a death in their patients un- 
dergoing HSV with dilatation, they had three deaths in I year. Two of 
the deaths they feel were preventable. 

Dr. Donahue, we have not utilized intraoperative testing but have 
instead used anatomical landmarks. We leave only the toe of the anterior 
and posterior nerves of Latarjet. Certainly, it is a good idea to use this 
or some sort of quality control when learning how to do HSV. We have 
not seen alkaline reflux gastritis in this group of patients or in our overall 
HSV series. We have chosen to avoid pyloroplasty because of reports 
such as Christopher Wastell’s showing that the addition of pyloroplasty 
to HSV decreases significantly the number of Visick Fs and II's. 

Dr. Braasch, we accept your criticism that our follow-up is short for 
evaluating HSV, but we do feel that, if restenosis were going to be a 
major problem, we would have seen it more often by now. Time will 
tell. 

From the comments made, there seems to be little objection to duo- 
denoplasty in combination with HSV. However, there are those patients 
in whom the obstruction is just distal to the pylorus, and duodenoplasty 
is not feasible. In addition, White and John Alexander-Williams of Bir- 
mingham, England, have shown no difference between duodenoplasty 
and dilatation in patients with obstruction due to duodenal ulcer disease. 

Once again, thank you very much for the opportunity to present this 
work to you. 
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Emergency Operations for Gastric and Duodenal 
Ulcers in High Risk Patients 
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With routine endoscopy, histamine antagonists, proximal gastric 
vagotomy (PGY) and declining prevalence of duodenal ulcers, 
morbidity and mortality of ulcer surgery should have declined. 
Two hundred thirty-four ulcer operations performed since 1976 
were compared with 778 between 1961 and 1971. The hospital 
mortality rate has increased from 2.7 to 14.5%. Increased mor- 


_#, tality was related to a doubling of the rate of emergency oper- 


y 


ations over age 50 and to a 94% decline in elective operations 
under 50. Mortality was increased by the need for emergency 
operations and more by concurrent diseases than by old age. Few 
operations could have been avoided by earlier elective surgery. 
Most perforations and hemorrhages occurred from previously 
unsuspected ulcers, many in patients being treated for other ad- 
vanced or terminal diseases. Although most deaths occurred in 
this group, 42% survived. Such patients should be expeditiously 
offered the definitive operations most appropriate to the locations 
of their ulcers. Since 1976 among 200 survivors, 20 ulcers have 
recurred. Most recurred after PGV was tried for pyloric and 
prepylork ulcers (8 of 16 recurred) and after previously untreated 
perforated ulcers were simply closed (4 of 11 recurred). The 
authors so far have one recurrence after 43 PGVs for duodenal 
ulcers. These recurrences confirm the need for vagotomy in per- 
forated duodenal ulcer and for resection of ulcers proximal to 


the duodenum. 
I declined. Their diagnosis has become more precise 
with endoscopy and their management improved by 
the introduction of histamine antagonists and proximal 
gastric vagotomy. These events should have improved re- 
sults of operations for peptic ulcer. In our VA Medical 
Center, however, mortality and ulcer recurrence rates have 
increased. Between 1961 and 1971, Wolf, Bell, and Zim- 


N 20 YEARS, the prevalence of duodenal ulcers has 


‘ berg supervised and reported 778 operations with 2.7% 


mortality and 5% ulcer recurrence.! In 8 years since 1976, 
we performed 234 operations with 14.5% mortality and 
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8.5% recurrence. Seeking remediable causes of mortality 
and recurrences, we compared patients and procedures 
for the two periods. We found a significant increase in 
the incidence of hemorrhage and perforation from pre- 
viously unsuspected ulcers in high risk patients. This paper 
will describe their characteristics and discuss their man- 
agement. i 


Methods 


Annual rates of elective and emergency operations be- 
tween 1961 and 1984 were derived from operating room 
logs of the McGuire Veterans Administration Medical 
Center. For 1961 to 1971, all other data are those pub- 
lished by Wolf, Bell, and Zimberg. During that period, 
they dictated policies and supervised residents in per- 
forming most operations. Between 1971 and 1976, en- 
doscopy and proximal gastric vagotomy were inconsis- 
tently used; thus, data of that period were not used for 
comparison. Since 1976, policies, practices, and super- 
vision have again been standardized. From the records of 
all patients operated on between October 1976 and No- 
vember 1984 for gastric, pyloric, or duodenal ulcer, the 
following data were retrieved: age, methods of demon- 
strating ulcers, location and duration of ulcers, indications 
for surgery, concurrent diseases, operations performed, 
staff supervision, postoperative complications, days with- 
out food, days in hospital, duration of follow-up, weight 
change, and incidence of dumping, diarrhea, pain, satiety, 
endoscopic ulcer recurrence, and reoperation. All deaths 
in the hospital were attributed to ulcer surgery, except 
one from pneumonia in a quadriplegic patient 3 months 
after operation. Most operations and all convalescences 
were supervised by the authors. Superficial stress ulcers, 
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Fic. 1. Uker operations performed each year between 1961 and 1984 
declined at approximately the same rate as admissions for duodenal 
ulcer in U.S. males.? 


hemorrhagic gastritis and ulcers due to hypergastrinemia 
were excluded from this study. 


Results 


The number of ulcer operations we performed each 
year from 1961 to 1984 declined at approximately the 
same rate as hospital admissions for duodenal ulcer in 
the United States (Fig. 1). Our elective operations declined 
from averages of 70 per year in the earlier decade to 12 
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Fic. 2. Elective operations before age 50 declined from an average of 35 
per year to less than three per year. Emergency operations on patier.ts 
over age 50 increased from averages of 4.2 to 10.2 per year. 
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per year in the last 8 years. Our rate of emergency oper- 
ations increased from averages of 7.6 to 12 per year. 


Age 


The average number of elective operations performed 
each year on patients under age 50 declined by 93%, while 
emergency operations over 50 increased by 94% (Fig. 2). 
These changes were out of proportion to the aging of all 
veterans admitted to our surgical service. Rates of all ad- 
missions to our service were constant; all admissions under 
age 50 declined by only 50% and those over age 50 in- 
creased by only 50%. 


Location 


Before 1970, prepyloric and pyloric ulcers were not dis- 
tinguished from duodenal ulcers. Instead, all 660 ulcers 
associated with hypersecretion were reported as a single 
group treated by truncal vagotomy and antrectomy or 
drainage. These were distinguished from 57 gastric ulcers 


‘without hypersecretion and 61 anastomotic ulcers. In the 


past 8 years, we have operated an 111 duodenal, 58 pyloric | 
and prepyloric, 55 gastric (over 4 cm proximal to the py- 
lorus), and 11 anastomotic ulcers. These changes consti- 
tute a 77% decline in annual rate of operations for anas- 
tomotic ulcers, 68% decline in duodenal, pyloric, and 
prepyloric ulcers, and a 21% increase in rate of operations 
for gastric ulcer. 


Indication 


In the earlier decade, 447 operations were performed 
to relieve intractable pain, 179 for recurrent but controlled 
bleeding and 76 for obstruction. In the past 8 years, these 
indications declined by 83%, 64%, and 61%, respectively 
(Fig. 3). The average number of emergency operations 
per year for active hemorrhage and for perforation in- 
creased by 61% and 53%. 


Duration 


Since 1976, the average duration of ulcer disease op- 
erated electively for intractable pain was 6.9 years, for 
recurrent but controlled bleeding 7.6 years, and for ob- 
struction 12.3 years. All but three elective cases had been 
treated unsuccessfully with cimetidine or ranitidine before 
admission. Of 57 patients operated emergently for inces- 
sant hemorrhage, only nine were known to have had ulcers 
before admission. Of 39 treated for perforation, only 17 
had antecedent ulcer symptoms. Ulcers were thus known 
to have been present before admission in only 27% of 
patients who required emergency operations. A 


Procedures 


Operations employed in the two periods are listed in 
Table 1. Since 1976, residents have been assisted by staff 
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FIG. 3. Intractable pain as an indication for elective surgery declined 
from an average of 45 cases per year to eight per year. There were sig- 
nificant but less marked declines in elective operations for recurrent 
bleeding and obstruction while emergency operations increased. 


surgeons in all elective and all but 19 emergency cases. 
Complication and recurrence rates were no greater when 
staff surgeons were not scrubbed. All proximal gastric va- 
gotomies (PGV) were carefully supervised and performed 
in precisely the same manner. Deaths following proce- 
dures used are shown in Table 2. Comparing emergency 
and elective procedures for the two series of patients, there 
are no differences in mortality that are statistically sig- 
nificant. Complication rates of operations since 1976 are 
compared in Table 3. The only significant difference is 
that emergency PGV was followed by fewer complications 
than any other emergency procedure. This may be because 
the fittest patients with perforations were selected for PGV. 


Complications 


Since 1961-1971, controllable, technical problems such 
as wound infection declined but were replaced by cardio- 
vascular complications (Table 4). After emergency op- 
erations, wound infections were more than replaced by 
renal failure, bleeding, anastomotic leaks, and intra-ab- 
dominal abscesses (Table 5). Mortality was not caused by 
inordinate delay or excessive transfusion before emergency 
operations. Before operation, only four cases received 
more than 10 units of blood, and their complications were 
attributable to coagulopathy, pneumonia, or cancer. 


Deaths 
Morbidity and mortality were related to the necessity 


>. for emergency operation, advancing age, and concurrent 


diseases. In the earlier decade, mortality rates were 0.8% _ 


after elective surgery and 19.7% after emergency opera- 
tions. From 1976 to 1984, rates were insignificantly higher, 
2.2% and 32.2%. In the later period, 62 patients had severe 
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TABLE |. Procedures Employed 
1961-1971 1976-1984 
Num- Num- 
Procedure ber % ber % 
Antrectomy 57 7.3 58 24.8 
Vagotomy and antrectomy 548 70.4 n 32.9 
Proximal gastric vagotomy 0 60 25.6 
Vagotomy and pyloroplasty 75 9.6 12 5.1 
Vagotomy and gastroenterostomy 25 3.2 0 
Perforation closure 5 0.6 20 8.6 
Wedge resection or ligation 6 0.8 0 
Vagotomy for marginal ulcer 21 2.7 6 2.6 
Resection for marginal ulcer 18 2.3 1 0.4 
Other 22 2.8 0 
Total 778 100 234 100 





concurrent diseases such as disseminated cancer, pul- 
monary or renal failure requiring ventilation or dialysis, - 
liver failure with ascites, recent infarction of heart, lung, 
brain, or extremity, or recent major operation. Data in 
Table 6 show how these conditions affected mortality . 
rates. In the absence of severe concurrent disease, elective 
operations were safe at any age. In the presence of severe 
diseases, most emergency operations were fatal regardless 
of age, but 21 such patients (42%) were discharged and 
10 have been followed from | to 5 years. 


Follow-up 


In both periods, about 15% of patients were followed 
less than 1 year or lost to follow-up. Comparisons between 
the two periods are further faulted by different techniques 
of study. In the earlier period, almost all patients had 
postoperative Hollander tests, but few had flexible en- 
doscopy. In the late period, all postoperative ulcer symp- 


TABLE 2. Mortality of Procedures Employed 











(Deaths/Total Operations) 
Elective Emergency 
1961- 1976- 1961- 1976- 
Procedure 1971 1984 1971 1984 
Antrectomy 1/50 1/34 4/7 11/24 
Vagotomy and antrectomy 4/506 0/49 2/42 6/28* 
Proximal gastric vagotomy 0 1/48 0 0/12 
Vagotomy and pyloroplasty 0/61 0/1 4/14 5/11 
Vagotomy and gastroenterostomy 1/25 0 0 0 
Perforation closure 0 0 3/5 9/20 
Wedge resection or ligation 0 0 2/6 0 
Vagotomy for marginal ulcer 0/21 1/6 0 0 
Resection of marginal ulcer 0/18 0 0/1 
Other 0/22 0 0 0 
Total 6/702 3/138 15/76 31/96 
Per cent mortality 0.8% 2.2% 19.7% 32.3% 





* Even between emergency vagotomy and antrectomy in the two pe- 
riods, the difference in mortality rate is not statistically significant 
Qê = 3.11). 
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TABLE 3. Complication Rates of Procedures Employed, 1976-1984 
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TABLE 5. Complications of Emergency Operations 

















Elective Emergency 1961-1971 1976-1984 
Complicated/ Complicated/ Num- Num- ` 

Procedure Performed Performed Complication ber % ber % 
Antrectomy 5/34 14/24 Wound infection li 14.5 1 1.0 
Vagotomy and antrectomy 16/49 18/28 Pneumonia 14 18.4 12 12.5 
Proximal gastric vagotomy 12/48 1/13* Delayed gastric emptying 0 3 3.1 
Vagotomy and pyloroplasty ii 9/11 Postoperative bleeding 2 2.6 6 6.3 
Perforation closure 16/20 Anastomotic leak l 1.3 6 6.3 
Vagotomy for marginal ulcer 3/6 Intraabdominal abscess 2 2.6 4 4.2 
Resection of marginal ulcer 1/1 Dehiscence 2 2.6 4 4.2 
: Renal failure l 1.3 5 5.2 
Total 37/138 59/96 Myocardial infarct, arrhythmia 5 6.6 9 9.4 
Per cent complicated 26.8% 61.5% Stroke 2 2.6 4 4.2 
Z OTa i Other 2 2.6 l 1.0 
* Emergency PGV had significantly fewer complications (p = < 0.01) All cases with complications 40 53% 61 64% 


than any other emergency procedure. Differences between elective pro- 
cedures are not significant. 


toms were investigated by endoscopy, but few had secre- 
tory studies. The extent of follow-up since 1976 is shown 
in Table 7. Despite these shortcomings, certain observa- 
tions summarized in Table 8 are clearly significant. 

After PGV dumping and diarrhea were absent, weight 
loss was rare, and postprandial pain occurred only in pa- 
tients with persistent or recurrent ulcers. The rate of re- 
operation for ulcer was significantly higher after PGV than 
after antrectomy with or without vagotomy, but no re- 
operation was required after PGV for duodenal ulcer. Af- 
ter 43 PGVs for duodenal ulcer, there has been one en- 
Goscopic recurrence in 1-9 year follow-up (mean: 3.9 
years). After another PGV for multiple duodenal ulcers, 
endoscopy showed “duodenitis,” and pain was unaffected 
by subsequent antrectomy. 

Sixteen duodenal, two gastric, and two marginal ulcer 
perforations were treated by simple closure, nine because 


TABLE 4. Complications of Elective Operations 











1961-1971 1976-1984 
Num- Num- 
Complication ber % ber % 
Wound infection 87 12.4 2 1.5 
Pneumonia 40 5.7 10 7.2 
Delayed gastric emptying 25 3.6 3 2.2 
Splenic injury 9 1.3 0 
Esophageal injury 3 0.4 2 1.4 
Postoperative bleeding 4 0.6 0 
Anastomotic leak 4 0.6 0 
intraabdominal abscess 3 0.4 2 1.4 
Dehiscence, hernia 0 3 22 
Myocardial infarct, arrhythmia 3 0.4 3 2.2 
Stroke 3 0.4 3 2.2 
Pulmonary embolus 2 0.3 2 1.4 
Other 12 1.7 2 1.4 
All cases with complications 197 28% 37 27% 








we felt they were too ill for definitive procedures and 11 
because they had no antecedent ulcer history. Nine died 
in hospital and three died within 2 years of other diseases. 
Of eight followed 1-8 years, four have required reopera- 
tion for recurrent complications of duodenal ulcers. 


Discussion 


Our elective operations since 1976 have been as safe 
and effective as the same procedures were before 1970. 
Our emergency mortality rates of 20% and 32% are not 
significantly different (x? = 2.48) or higher than reported 
by others.’ Except for introducing PGV, we employed the 
same techniques in elective and emergency operations 
during both periods of study. That vagotomies with an- 
trectomy in the two periods were equally effective (Table 
9) is evidence that our techniques did not change. Our 
overall increase in mortality must therefore have been 
caused by a change in some factor other than surgical 
technique. 

Between 1961 and 1984, we experienced a 93% decline 
in the rate of elective operations for ulcers under age 50. 
This decline was parallel to the decline in hospital ad- 
missions for duodenal ulcer in the United States and in 
western Europe. Sonnenberg and Muller attribute this 
phenomenon to the disappearance of a population cohort 
born about 1880 to 1890 that was predisposed to ulcers 
by some yet unidentified environmental factor or factors.? 

At the same time, we experienced a doubling in need 
for emergency operation over age 50. This was not at- 
tributable to doubling of veterans over 50, because elective 
ulcer surgery over 50 declined by 50%. Some factor other 
than, or in addition to, age seemed to have increased our 
emergency operations. Hemorrhage or perforation re- 
quired emergency surgery 42 times in the first decade 
studied, 81 times in the later 8-year period. Our increased 
overall mortality rate was thus caused as much by dou- 
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TABLE 6. Mortality Related to Urgency of Operation, 
Age, and Concurrent Disease 











Concurrent Disease 
Urgency and Age None or Mild Severe 
Elective <60 0/74 0/5 
Elective >60 1/52 2/7 
Emergency <60 0/26 10/20 (50%) 
Emergency >60 2/20 19/30 (63%) 





bling of high risk patients as by disappearance of safe elec- 
tive cases. 

Increased need for emergency operations was not 
caused by physicians or patients having deferred earlier 
elective operations. Only 27% of our emergency cases had 
evidence of ulcers before complications required emer- 
gency surgery. In most cases, hemorrhage or perforation 
was unpredictably added to some other disabling disease. 
Whether a patient survived seemed more related to his 
concurrent disease than to his age. This suggests that the 
increase in emergency operations might be attributable 
to a growing cohort of people whose survival of severe or 
terminal disease is being prolonged by chemotherapy, ra- 
diation, transplantation, renal dialysis, or ventilatory 
support. 

What we have observed is not unique to a Veterans 
Administration hospital. University and community hos- 
pitals have also experienced increased incidences of hem- 
orrhage and perforation from previously unsuspected ul- 
cers in older patients being treated for other conditions.’ 

The greatest challenge in peptic ulcer surgery is to find 
safe, effective, and compassionate treatment for a high 
risk patient with an incessantly bleeding or perforated ul- 


‘cer. Therapy must be individualized. Patients suffering 


from intolerable, irreversible disability and discomfort 
before an ulcer complication occurs should rarely, if ever, 
be operated on. When there is chance of improvement, 
however, the high risk patient should be offered surgery 
even more expeditiously than one who is otherwise 
healthy. 

Our gastroenterologists are evaluating endoscopic co- 
agulation of spurting arteries and seem occasionally to 
have converted unsafe emergencies to safer elective op- 
erations, but, as yet, we have no strong evidence that en- 
doscopic coagulation improves survival. Donovan et al. 
advocated nonoperative treatment of perforated acute ul- 
cers and of perforated chronic ulcers in high risk patients 


- when they appeared to be sealed by contrast x-rays.° Such 


conditions, however, pertained in only eight of Donovan’s 
60 perforations and are too rare in very high risk patients 
to warrant delay for x-ray examinations. 

’. The least likely beneficiaries of emergency ulcer surgery 
might seem to be patients with disseminated cancers, but 
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TABLE 7. Follow-up 1976-1984 
Hospital deaths ; 34 
Unrelated deaths within | year 10 
Reoperation for ulcer within | year 1] 
- Disappeared within 1 year (15.4%) . 36 


Followed 1-9 years (mean: 3.9) 





Condon reported 16 emergency operations in patients on 
chemotherapy, with 11 surviving 2 to 21 months.” Among 


- our 11 patients with cancers, eight died in the hospital, 


but a patient with lung cancer lived at home for 6 months, 
one with leukemia for 18 months, and one who had sem- 
inoma in both lungs when he bled 12 units from a duo- 
denal ulcer lived 5 years after emergency vagotomy and 
antrectomy. f 

In almost every case where any operation is indicated, 
the procedure of choice will be the one most effective for 
an ulcer in the location encountered. Duodenal ulcers 
need some form of vagotomy. In our earlier decade, 27 
perforated duodenal ulcers were treated by truncal va- 
gotomy and antrectomy with no deaths and no recur- 
rences. For 8 years after 1976, we simply closed 16 duo- 
denal perforations because of severe concurrent disease, 
severe peritonitis, or because ulcers were ‘previously un- 
suspected and need for an operation that might have ir- 
reversible side effects was unproved. Of these 16 closures, 
five died in hospital, four required reoperation, and only 
four are known to be free of ulcer for over 2 years. During 
the same time, we performed 12 emergency PGVs for 
duodenal perforations with no deaths and no recurrences. 
We also have no death and only one recurrence after elec- 
tive PGV for duodenal ulcers. With more cases and longer 
follow-up, our recurrence rate should remain low, as we 
have precisely imitated the technique of Heffernan whose 
recurrence rate is 4% at 5 years. We therefore agree with 
Sawyers and Herrington’ and Jordan"? that patients with 
duodenal perforations who can tolerate 2 to 3 hours of. 
anesthesia should be treated with emergency PGV. __ 

While our PGVs were highly effective for duodenal ul- 
cers, they failed to control eight of 16 pyloric and pre- 


TABLE 8. Follow-up, 1976-1984 





Sur-. Diarrhea, Weight Recur- Reoper- 
Operations vivors Dumping Loss rence ation 
V&A 71 11.3% 12.6% `. 4.2% 1.4% 
V&P “g 14.2% 14.2% 14.2% 14.2% 
PGV 59 0%* 6.8% 15.3% 11.9%* 
Antrectomy 45 10.9% 15.2% 6.5% 2.1% 
Closure 11 o% ? 36.4% 36.4%* 








* The only differences that are statistically significant (p = < 0.05) are 
the high recurrence rate after simple closure compared to all other op- 
erations, the absence of side effects of PGV, and the high reoperation 
rate after PGV compared to antrectomy or to vagotomy and antrectomy. 
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TABLE 9. Results of Vagotomies with Antrectomy 
1961-1971 1976-1984 

Number performed 500 71 
Dumping or diarrhea 8% 11.3% 
Involuntary weight loss >4.5 K 25% 12.6% 
Ulcer recurrence 2.2% 4.2% 
Reoperation 0.6% 1.4% 





pyloric ulcers. In much larger numbers of PGVs reported 
by Anderson"! and Muhe,'? pyloric and prepyloric ulcers 
recurred twice as often as duodenal ulcers. Pyloric channel 
ulcers recur after antrectomy alone at an unacceptable 
rate." Pyloric and prepyloric ulcers should be treated by 
truncal vagotomy and antrectomy. 

Actively bleeding duodenal ulcers can sometimes be 
sutured through a duodenotomy that spares the pylorus 
and then cured by emergency PGV, but reliability of this 
procedure has not been proved. The safest emergency op- 
eration for bleeding is still the most effective, ie., truncal 
vagotomy and antrectomy. Substitution of pyloroplasty 
for antrectomy increases ulcer recurrence rate and does 
not reduce mortality'* but should be done selectively when 
ulcer or scar would make division of the duodenum un- 
reparable. 

Much of the increased mortality of ulcer surgery is re- 
lated to incessant bleeding from discrete “chronic” gastric 
ulcers over 4 cm proximal to the pylorus. usually on or 
near the lesser curvature. When the duodenum is normal, 
antrectomy is the easiest, safest, and most effective op- 
eration for these ulcers. Vagotomy is unnecessary. Va- 
gotomy and wedge resection of ulcer'> is not as dependable 
as removing the vulnerable antrum, which prevents re- 
currence in about 99% of cases.'*!° Our only recurrence 
of this type of ulcer treated by antrectomy (1 of 34) oc- 
curred in a patient on large doses of steroids for Crohn’s 
disease. 

In conclusion, we have found an increased need for 
emergency operations in patients whose peptic ulcers were 
unknown until hemorrhage or perforation was superim- 
posed on other disabling diseases. Mortality rates are in- 
evitably high but individual outcomes are not predictable. 
Except when bleeding can be controlled endoscopically, 
each patient should be promptly offered the operation 
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most effective for the location of his ulcer. Gastric ulcers 
need antrectomy, perforated duodenal ulcers need PGV, 
and most prepyloric, pyloric, and bleeding duodenal ulcers 
should have truncal vagotomy and antrectomy. 
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DISCUSSION 


Dr. JOHN L. SAWYERS (Nashville, Tennessee): It is indeed a pleasure 
to discuss Dr. McGuire’s presentation. He was kind enough to send me 
his manuscript 2 weeks prior to the meeting. 

Several years ago Dr. Scott, Dr. Herrington, and | presented to you 
the results of 3500 patients with duodenal ulcer who had undergone 
elective truncal vagotomy and antrectomy. More than half of those pa- 
tients were operated on because of the failure of medical therapy. We 


seldom see such a patient now-a-days. Instead, it is the type of patient 
whom Dr. McGuire has described to us, a patient in the older age group 
or with concomitant disease who presents as an emergency because of 
perforation or hemorrhage. 

Ten years ago we reviewed a series of patients who had perforated 
duodenal ulcer and advocated a definitive operative procedure to control 
the ulcer diathesis in those patients who had a prior history of ulcer 
disease, those who were in generally good condition prior to operation, 


~. 
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and those in whom there was not extensive contamination of the peri- 
toneal cavity. 

Subsequent to that report, Dr. Herrington and I have treated a series 
of patients with perforated duodenal ulcer by omental patch closure of 
the perforation followed by proximal gastric vagotomy. Thirty-seven pa- 
tients who have had this procedure with follow-up of from 2 to 10 years 
have had no recurrent ulcers. There have been no mortalities in this 
group. 

Admittedly, they are selected patients, because patients who have ex- 
tensive peritoneal contamination of the abdominal cavity or who have 
been in shock have had only closure of their perforation, and these, of 
course, are the sicker ones. i 

We agree with Dr. McGuire that patients who have pyloric and pre- 
pyloric ulcers have a higher ulcer recurrence rate after proximal gastric 
vagotomy, and we have not used PGY for patients with perforated gastric 
ulcer. 

In patients with perforated gastric ulcer, we prefer antrectomy with 
resection of the perforated ulcer and a Billroth I gastroduodenostomy. 
Vagotomy is not necessary for patients with Type I gastric ulcers, that 
is, those located in the lesser curvature near the incinsura, but vagotomy 
is added if the patient has a pyloric ulcer or an associated duodenal ulcer. 

In a recent review of our patients who had perforated gastric ulcers, 
six patients who were considered to be so ill that only closure of the 
perforation could be done had a 50% mortality. In the three patients 
who died, a contributing factor to the death was sepsis due to continual 
leak from the site of the perforation. 

On the other hand, patients who have been managed by definitive 
resection and who were better risk patients with minimal contamination 
of the peritoneal cavity have had no mortality. 

So I agree with Dr. McGuire’s remarks and am pleased to add support 
for his concepts in the management of the patient with the complicated 
peptic ulcer, 


Dr. BENTON M. HILBUN (Tupelo, Mississippi): When I read Dr. 
McGuire’s summary in the printed program last month, I was surprised 
to see the rising mortality in his care of ulcer disease patients and realized 
that most of those fell in the category of emergency surgery. I began to 
wonder what was happening at home; thus, we decided to look at 100 
or so patients who were operated on only for emergency bleeding or 
perforation. 

(Slide) We divided these into two 5-year increments, principally because 
cimetidine made its appearance in our area in the late 1970s, and we 
wanted to see if that had any impact. 

The first group consisted of those who presented with perforation during 
1975 through 1979—30 cases, three deaths, with a 10% mortality. All 
of these had a simple Graham closure. You can see that the average age 
of the deaths was higher. 

(Slide) Then in the perforation group from 1980 to 1985, there were 
about the same number, 31 cases. We did not do as well. There was a 
25% mortality. Most of these had a simple closure. Again the average 
age of the deaths was somewhat higher. 

(Slide) To look at those who were operated on as emergencies for 
bleeding, in the first series, 1975-1980, there were 18 cases, five deaths, 
with a 27% mortality. You can see the varying types of the procedures. 
The average age in the deaths was actually smaller. 3 

And then the last portion of the ulcers operated on for bleeding, 1980- 
1985—26 with a 7% mortality. Again the average age of the deaths was 
higher. 

We are in agreement with Dr. McGuire that, although age does play 
some part, the existence of comorbid conditions along with the ulcer 
disease was the overwhelming factor plus the delay in transfer from out- 
lying hospitals with the perforations. There was sometimes a 24- to 48- 
hour delay in transfer. 


HIGH RISK ULCER OPERATIONS 


557 


I would like to thank Dr. McGuire for pointing out to us that we are 
not doing as well treating this surgical emergency as we perhaps might 
think. 


Dr. JOHN W. BRAASCH (Burlington, Massachusetts): I stand before 
you as a substitute for Claude Welch who is deeply distressed at being . 
unable to attend the meeting, which he usually comes to on a yearly 
basis, and he gave me the copy of the paper and asked me if I would 
make a few remarks. 

Drs. McGuire and Horsley have described a trend in ulcer surgery 
that is seen in other areas of surgical endeavor as well, such as even 
simple surgery for cholelithiasis. Lesser degrees of disease are not treated 
either if they are benign and relatively asymptomatic or if they are man- 
aged well by medical means as outpatients. This leaves our operative 
experience concentrated on the more serious cases, resulting in higher 
postoperative mortality rates. This phenomenon is an example of the 
changing characteristics of disease seen from one surgical generation to 
the next, which explains some of the unusual, to us, surgical practices 
of yesteryear. 

The message here is that we must be alert to changing disease patterns 
and adapt our procedures to new requirements. A prime example, of. 


- course, of this is the shift to smaller breast carcinomas, which no longer 


require radical mastectomy or even mastectomy to encompass the lesion. 
I think this is a signal paper that should be recognized by all surgeons, 
and we must be quick to adapt our efforts because of the changing base. 


Dr. ROBERT ZEPPA (Miami, Florida): Some years ago before this 
Association, my colleague, Dr. George Irvin, reported on our results at 
the VA and pointed out how concurrent disease was so important in 
terms of outcome. 

Have you weighed this in a computer program to see whether the 
weights change over time? 


Dr. J. SHELTON HORSLEY IN (Closing discussion): I appreciate the 
kind words of the discussers, it must be from sympathy that we have 
been treated so kindly. Hunter showed you the first slide to illustrate the 


_destruction of our old hospital, but the last slide shows you what has 


really happened, and we are very proud of our new VA hospital in Rich- 
mond. 

Dr. Sawyers, I appreciate your kind remarks. You and Dr. Herrington 
and the group at Nashville have had extensive experience in peptic ulcer 
disease, and we are delighted to see that we agree. 

Dr. Hilbun, you found the same thing that we have, that concurrent 
disease seems to be the underlying problem in dealing with this group 
of patients, 

This morning while walking down from breakfast to the Conference 
Center, Jim Chandler commented on the fact that our results showing 
that we deal with patients with severe concurrent disease are a trend that 
is occurring throughout the surgical world. Our medical colleagues are 
able to do things with needles, endoscopes, and various medicines that 
take away the opportunity for us to initiate a surgical cure in the better 
risk patients. 

Dr. Braasch, we appreciate your comments. We did send the paper 
to Dr. Welch because of a paper that he presented at the American 
Surgical Association in April 1984 on diverticular disease. He made the 
point that their results were affected by the severe concurrent disease in 
some of their patients. We felt that this was similar to our results with 
peptic ulcer disease. 

Again, I would like to point out that it seems to Dr. McGuire and me 
from our analysis of these cases that we are having to deal definitively, 
frequently in the emergency situation, with patients who have severe 
concurrent diseases. I am afraid that this is the trend for the future. We 
have to look at this carefully and design our surgical therapy to deal 
appropriately with these patients. 
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Twenty-eight patients underwent surgery for intractable pain, 
duodenal or extrahepatic biliary obstruction secondary to chronic 
pancreatitis. Eleven had pancreatic duct obstruction alone, six 
biliary obstruction alone, seven combined pancreatic and biliary, 
two combined biliary and duodenal, one combined pancreatic 
and duodenal, and one simultaneous pancreatic, biliary, and duo- 
denal obstruction, Pancreatitis was secondary to alcohol in all 
but one case. The following operations were performed: longi- 
tudinal pancreatojejunostomy (20), choledochoduodenostomy (8), 
choledochojejunostomy (7), cholecystojejunostomy (1), and gas- 
trojejunostomy (4). Of the 20 patients with pancreatic duct 
drainage, pain relief was complete in 11 and partial in six. Initial 
incomplete relief of pain, or recurrence, stimulated further di- 
agnostic procedures, leading to improvement or correction of the 
problem in five patients. A significant (p < 0.01) fall in alkaline 
phosphatase (935 + 228 to 219 + 61 U/L) occurred following 
surgery. One patient was subsequently found to have pancreatic 
carcinoma. Two patients were lost to follow-up and four patients 
died (one perioperative and three late). In conclusion, the pos- 
sibility of pancreatic, biliary, and duodenal obstruction must be 
considered in symptomatic patients with chronic pancreatitis. 
Surgery must be individualized. Drainage procedures, either alone 
or in combination, are associated with a low morbidity and im- 
proved clinical condition and may be preferable to resection in 
the surgical management of these patients. 


HRONIC FIBROSING PANCREATITIS can cause 
duodenal, pancreatic ductal, or biliary ductal ob- 
struction, either alone or in combination. Biliary 

obstruction, secondary to chronic fibrosing pancreatitis, 
has been associated with ascending cholangitis or been 
shown to lead to biliary cirrhosis when the alkaline phos- 
phatase is persistently greater than twice its normal 
value.'~> Biliary drainage procedures, such as choledo- 
choduodenostomy or choledochojejunostomy, will relieve 
the obstruction.*? Duodenal obstruction has been re- 
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ported to occur in less than 1% of patients with chronic _ 
pancreatitis and can be relieved with a gastrojejunos- 
tomy.'*'' It has been clearly shown that drainage of a 
dilated pancreatic duct in patients with chronic pancre- 
atitis with a longitudinal pancreatojejunostomy, a mod- 
ification of the Puestow procedure,'* is associated with 
effective pain relief (complete in 50 to 70% of patients 
and partial in 15 to 20%) with significantly less morbidity 
and mortality’??? than pancreatic resection procedures. 
The concept of combined drainage procedures was ini- 
tially suggested by Mercadier et al. in 1968% and expanded 
in their monograph in 1973.” Two recent studies have 
noted a low morbidity when these obstructive problems 
were correctly identified and treated with combined 
drainage procedures.” This report relates our experience 
with selective drainage procedures in patients with chronic 
pancreatitis, their benefits, as well as their pitfalls. 


Methods 


The medical records were reviewed for all patients who 
underwent surgery for chronic pancreatitis, as well as bil- 
iary or duodenal obstruction associated with pancreatic 
disease at the Medical College of Virginia from January 
1975 through June 1985. All patients with a diagnosis of 
pancreatic carcinoma made at the initial operative pro- 
cedure were excluded from this review, as were patients 
who had undergone a radical pancreatoduodenectomy 
(Whipple procedure) for chronic pancreatitis or drainage 
of a pancreatic pseudocyst. The operations were per- 
formed by several surgeons, although the majority of pa- 
tients were under the care of one of the authors (HS). The 
choice of biliary drainage procedure utilized, i.e., chole- 
dochoduodenostomy or choledochojejunostomy, was at 
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the discretion of the operating surgeon. Patients were re- 
called, when possible, for follow-up history, examination, 
and laboratory evaluation. Data are presented as mean 
+ standard error of the mean (SEM). Statistical analyses 
were performed using Student’s paired t-test. 
* Pain relief was evaluated by one of the authors (GB), 
who was directly involved with only one of the cases, and 
defined as follows: complete, if the patient stated that the 
operation completely relieved the pain and narcotic med- 
ications were no longer used; partial, if the patient stated 
that there was significant relief of pain and that oral nar- 
cotic medications were used only occasionally (i.e., once 
or twice a week); and inadequate, if narcotics were used 
more frequently. If a patient developed recurrence of pain 
after one successful procedure (i.e¢., longitudinal pancre- 
atojejunostomy) as a result of a new problem (i.e., duo- 
denal or biliary obstruction) and this was subsequently 
relieved by another surgical procedure, the patient was 
considered to have a good result in both instances. 
Patients with laboratory evidence of persistent extra- 
hepatic biliary obstruction (i.e., elevated bilirubin or al- 


a kaline phosphatase more than twice normal) were eval- 


uated in the early years of this study with ultrasonography 
or, rarely, intravenous cholangiography (IVC). In more 
recent years, percutaneous transhepatic cholangiography 
(PTC), endoscopic retrograde cholangiopancreatography 
(ERCP), and computerized axial tomographic (CAT) 
scans were utilized. Pancreatic ductular dilatation was 
usually identified with ultrasonography and confirmed 
with ERCP. In two instances, operative pancreatograms 
were obtained. Duodenal obstruction was usually sus- 
pected from the patient’s history of persistent vomiting 
and the plain abdominal films; it was confirmed with an 
upper gastrointestinal radiographic series (UGI). Plain 
films were evaluated for the presence of pancreatic cal- 


tæ Cification. Because of severe bleeding at exploratory sur- 


gery at another hospital, one patient underwent arteri- 
ography to determine the presence of portal venous ob- 
struction. 


Results 


Twenty-eight patients have undergone 38 operations 
for intractable pain, recurrent vomiting, or extrahepatic 
biliary obstruction secondary to chronic fibrosing pan- 
creatitis at the Medical College of Virginia Hospitals from 
January 1975 through June 1985. Eleven patients had 
pancreatic ductal obstruction alone, six had biliary ob- 
struction alone, seven had combined pancreatic and bil- 
iary obstruction, two had combined biliary and duodenal 
obstruction, one had combined pancreatic and duodenal 
obstruction, and one had simultaneous pancreatic, biliary, 
and duodenal obstruction. Thus, 20 patients had a dilated 
pancreatic duct associated with chronic abdominal and 
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TABLE l. Drainage Procedures for Chronic Pancreatitis* 





LPJ It 

LPJ + CD 7 

LPJ + GJ 1 

LPJ + cD + GJ 1 

cD + GJ 2 

cD 6 

Totals 20 16 4 28 





* LPJ = longitudinal pancreatojejunostomy, CD = common duct 
drainage, GJ = gastrojejunostomy. 


back pain, 16 had common bile duct obstruction with 
persistent jaundice or alkaline phosphatase elevation, and 
four had duodenal obstruction associated with intractable 
vomiting (Table 1). The average age at operation was 45 
+ 11 years. There were 16 black and 12 white patients; 
19 were male and nine were female. Pancreatitis was sec- 
ondary to alcohol in all but one case, which was secondary 
to pancreas divisum. No patient had preoperative ascites, 
although one patient had large, recurrent pancreatic 
pleural effusions. Thirteen patients had radiographic ev- 
idence of pancreatic calcifications. 

Mean follow-up was 35 + 11 months. There were four 
deaths. One patient died after operation from sepsis and 
three patients died in the late postoperative period: one 
from metastatic pancreatic carcinoma, one from myo- 
cardial infarction 2 years after pancreatic surgery, and 
one cause unknown. Two patients were lost to follow-up. 


Longitudinal Pancreatojejunostomy 


Twenty patients underwent longitudinal pancreatoje- 
junostomies for chronic abdominal pain associated with 
a dilated pancreatic duct noted on either ERCP in 14 
patients (Fig. 1), ultrasonography or CAT scan in four 
patients, or combined with operative pancreatograms in 
two patients. Pain relief was complete in 11 patients and 
partial in six (Table 2), although a second surgical pro- 
cedure was required in five patients to correct a second 
problem (i.e., incisional herniorrhaphy, duodenal ob- 
struction). Two patients died: one from metastatic pan- 
creatic carcinoma and one from sepsis associated with a 
myocardial infarction. Pain relief was inadequate in two 
patients, one of whom had pancreas divisum and subse- 
quently required an 80% distal pancreatectomy. Although 
ERCP revealed a high grade proximal stenosis in this pa- 
tient, his distal duct was too small to undergo a drainage 
procedure, and he probably should have been resected 
initially. Three patients underwent intraoperative mea- 
surement of pancreatic ductal pressures, and the pressure 
was greater than 30 cm water in each instance. 

Two patients had previously undergone drainage pro- 
cedures for pancreatic pseudocyst: external drainage’in 
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one without a persistent fistula and a pancreatic cystje- 
junostomy in the other. One of these patients developed 
persistent abdominal pain 2 years later, and the other 
manifested large, recurrent pancreatic pleural effusions 
(amylase > 60,000 Somogyi Units/dl), in association with 
chronic abdominal pain, 3 years after pseudocyst drainage. 
There were few technical difficulties in reoperation in these 
patients, and both were completely relieved of their pain. 
One patient had a markedly dilated pancreatic duct on 
ERCP, which was associated with a pseudocyst in the head 
of the pancreas; both were drained into the Roux-en-Y 
limb of jejunum. 

Pain following a longitudinal pancreatojejunostomy 
was not attributed to failure of the drainage procedure 
until other possible causes were excluded. Partial obstruc- 
tion of the proximal pancreatic duct was noted with repeat 


TABLE 2. Pain Relief after Longitudinal Pancreatojejunostomy 








Initial Late Corrective Late 
Pain Relief Pain Relief Problems  Surgery*+ Pain Relief 
Complete 10 2 2 1] 
Partial 7 3+ 6t 
Inadequate 3 3ł 





* Gastrojejunostomy (2), incisional herniorrhaphy (1), cystduode- 
nostomy (1). 

+ Eighty per cent distal pancreatectomy in one patient with pancreas 
divisum. 

¢ Two deaths (1 from pancreatic carcinoma, 1 sepsis and myocardial 
infarct). 
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Fic. 1. Dilated pancreatic 
duct on ERCP with intralu- 
minal filling defects consis- 
tent with pancreatolithiasis. 


ERCP in two patients with recurrent, mild attacks of pain. 
Both refused reoperation, as their pain had markedly im- 
proved with the initial drainage procedures. Another pa- 
tient, whose pancreatojejunostomy was limited to the dis- 
tal half of the pancreatic duct, developed recurrent ab- 
dominal pain and fever and was subsequently found to 
have developed three small (2 cm) infected pseudocysts 
in the head of the pancreas, which were effectively treated 
with transduodenal cystduodenostomies. It is interesting 
that this patient had undergone closure of a perforated 
duodenal ulcer and then a vagotomy and pyloroplasty for 
intractable ulcer pain 19 years prior to his pancreatic 
drainage procedure. 


Extrahepatic Biliary Obstruction 


Sixteen patients had hyperbilirubinemia or an increased 
alkaline phosphatase to more than twice normal for | 
month or more and were noted to have radiographic ev- 
idence of extrahepatic biliary obstruction. Three patients, 
one of whom was subsequently found to have pancreatic 
carcinoma, were markedly jaundiced (i.e., serum bilirubin 
> 14 mg/dl), and one patient had ascending cholangitis. 
The latter was initially treated with broad spectrum an- 
tibiotics and transhepatic biliary drainage. Operative 
drainage of the common bile duct was electively per- 
formed 5 days later. 

Several common bile duct patterns were noted on PTC, 
including an “hour-glass” configuration, marked tapering 
with a long, narrow intrapancreatic segment (Fig. 2), or 


~e 


wd 
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tapering to a complete obstruction. One patient, with in- 
termittent episodes of obstructive jaundice, was noted to 
have a long (2 cm) “common channel” on IVC with sev- 
eral filling defects. At surgery, when the pancreatic duct 
-was opened, a large number of white, calcific pancreatic 
” stones were retrieved with the sudden flow of bile into the 
main pancreatic duct. No gallstones were present in the 
resected gallbladder. This patient almost certainly had in- 
termittent extrahepatic biliary obstruction secondary to 
pancreatolithiasis and a long “common channel” (Fig. 3). 

Biliary drainage procedures included one cholecysto- 
jejunostomy, eight choledochoduodenostomies, and seven 
choledochojejunostomies. Many patients had markedly 
elevated alkaline phosphatase with minimally increased 
total serum bilirubin. The total bilirubin decreased from 
3.8+ 1.5 to 0.5 + 0.1 mg/dl and the alkaline phosphatase 
from 935 + 228 to 219 + 61 U/L (p < 0.01) following 
biliary decompression. Two patients were lost to follow- 
up, and there were two late deaths, unrelated to biliary 
drainage, in this group. 


a Duodenal Obstruction 


Four patients underwent gastrojejunostomy for duo- 
denal obstruction (Fig. 4). Because of the potential for 
marginal ulcer, a truncal vagotomy was also performed. 
Two patients had gastric drainage at the time of the initial 
pancreatojejunostomy. One patient had undergone a 
choledochoduodenostomy at another hospital 3 years 
prior to developing duodenal obstruction. The second pa- 
tient, already mentioned, was initially noted to have a 
partial obstruction at the second portion of the duodenum, 
secondary to chronic pancreatitis, and subsequently de- 
veloped a high grade proximal jejunal obstruction follow- 
ing a Roux-en-Y pancreatojejunostomy, which was re- 
lieved with a vagotomy and gastrojejunostomy. 


Combined Drainage Procedures 


Combined biliary and pancreatic drainage. Seven pa- 
tients underwent simultaneous, combined drainage of a 
dilated pancreatic and obstructed common bile ducts, and 
an additional patient also required a gastrojeyunostomy 
for duodenal obstruction (Table 1). The combination of 
choledochoduodenostomy and pancreatojejunostomy was 
used in five patients (Fig. 5). In three patients, the Roux- 
en-Y jejunal limb was brought retrocolic to the common 
bile duct, beneath the gastric antrum and then anasta- 
mosed to the opened pancreatic duct (Fig. 6). Both pro- 
cedures were equally effective in decompressing the biliary 
tree and relieving pain. No untoward effects were noted 


Ka from bile bathing the opened pancreatic duct. 


A Whipple operation had been attempted at another 
hospital on one of these patients 3 months before transfer 
to the Medical College of Virginia but had to be aban- 
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Fic. 2. Markedly dilated common bile duct secondary to chronic pan- 
creatitis with tapering to a long, narrow segment within pancreas. Ob- 
struction incomplete as some flow into duodenum is noted. 


doned because of excessive bleeding. A celiac arteriogram 
revealed an open splenic vein, but the superior mesenteric 
arteriogram demonstrated superior mesenteric venous 
obstruction with extensive peripancreatic venous collat- 
erals. A choledochoduodenostomy and longitudinal pan- 
creatojejunostomy were performed; however, the pan- 
creatojejunostomy could not be carried as far medially as 
desired because of excessive bleeding from the collateral 
vessels. This patient had significant but incomplete pain 





Fic. 3. Common duct obstruction secondary to pancreatolithiasis notea 
in one patient with a long “common channel.” 
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Fic. 4. High-grade obstruction, second portion of duodenum, due to 
chronic fibrosing pancreatitis. 
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Fic. 5. Choledochoduodenostomy and longitudinal pancreatojejunos- 
tomy for combined biliary and pancreatic duct obstructions. 
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FIG. 6. Roux-en-Y choledochojejunostomy and longitudinal pancreato- 
jejunostomy for combined biliary and pancreatic duct obstructions. 


relief. ERCP the following year confirmed inadequate 
drainage of the pancreatic duct medially. 


One of the major concerns in performing drainage pro- 


cedures for pancreas related obstructions is the risk of 
missing a pancreatic carcinoma. One of our patients, with 
a bilirubin of 16 and alkaline phosphatase of 1500 U/L, 
had obstruction of her pancreatic duct and a smooth, ta- 
pered, incomplete obstruction of her common bile duct 
noted at ERCP. She did not have a mass in the head of 
her pancreas at the time of exploration. The pancreatic 
duct was completely opened, and a large amount of tissue 
in the head of the pancreas was biopsied and was free of 
malignancy. A choledochoscope was inserted into both 
the common bile duct and the markedly dilated pancreatic 
duct, and no tumor was noted. Pain persisted after op- 
eration, and, 9 months later, a CAT scan suggested the 


development of a malignant mass in the head of the pan- ~% 


creas, which was confirmed at the time of Whipple resec- 
tion; she died 6 months later from metastatic disease. 
Combined biliary and gastric drainage. Two patients 
underwent drainage of the biliary tree and the stomach. 
One of these had undergone a choledochoduodenostomy 
2 years previously at another hospital and subsequently 
developed recurrent common duct obstruction as well as 
duodenal obstruction. She was converted to a Roux-en- 
Y choledochojejunostomy and gastrojejunostomy plus 
vagotomy with relief of symptoms. The second patient 
underwent a combined cholecystojejunostomy and gas- 
trojejunostomy, had a massive pulmonary embolus after 
operation treated with open embolectomy, and died from 
overwhelming sepsis, as a result of a leaking gastrojeju- 


nostomy. ~é. 


Combined pancreas and gastric drainage. One patient 
had complete pain relief initially following a longitudinal 
pancreatojejunostomy, at which time the second portion 
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of his duodenum was partially obstructed. Six months 
later, he developed recurrent episodes of abdominal pain, 
nausea, and vomiting and was found to have a high grade, 
proximal jejunal obstruction, which was treated with a 
; vagotomy and gastrojejunostomy. 

Combined biliary, pancreatic, and gastric drainage. One 


patient had simultaneous duodenal, pancreatic, and bil- 


iary obstructions that were treated with a Roux-en-Y limb 
to the common bile duct, pancreatic duct, and stomach 
(Fig. 7). A subsequent mechanical obstruction occurred 
at the 180° turn in the jejunum between the pancreato- 
jejunostomy and the gastrojejunostomy, which was re- 
lieved with a jejunojejunostomy. This patient has been 
pain free for the past 3 years and has gained 45 pounds. 


Discussion 


Alcohol-induced chronic pancreatitis is frequently as- 
sociated with an obstructed pancreatic duct, elevated 
ductal pressures,’ and progressive abdominal pain. Al- 
though it has been suggested that the pain will eventually 


2go away, the wait apparently requires an average of 5 


years?’ and seems unreasonable to recommend, when 
prompt relief is frequently observed following a longitu- 
dinal pancreatojejunostomy, or modified Puestow pro- 
cedure.'?-4 Furthermore, therapy with oral pancreatic 
enzymes, designed to decrease the stimulation to the for- 
mation of pancreatic juice,” has not been very effective 
for pain control in our experience. 

Because of the strategic location of the pancreas, the 
extensive fibrotic reaction associated with chronic pan- 
creatitis will often encompass one or more structures that 
course through or near the gland. These include the in- 
trapancreatic portion of the common bile duct, the duo- 
denum, and the superior mesenteric, portal,” or splenic 


meg” veins.°°>! Extrahepatic biliary obstruction associated with 


chronic pancreatitis can lead to ascending cholangitis’ and 
biliary cirrhosis,” although the prognosis for patients with 
persistent incomplete biliary obstruction secondary to 
chronic pancreatitis is still not clear. Sixteen of our patients 
had persistent extrahepatic biliary obstruction, seven in 
conjunction with a dilated pancreatic duct. Although 
duodenal obstruction has been infrequently observed in 
chronic pancreatitis,'°"! it has been noted far more often 
in patients with chronic fibrosing pancreatitis and a dilated 
_ pancreatic duct” and was seen in four of our 28 patients. 
In addition, one of our patients had an obstructed superior 
mesenteric vein. 

Because many of these patients have a combination of 
obstructive lesions that may present simultaneously, 


+, thorough diagnostic evaluation is recommended. Persis- 


tent elevation of the bilirubin or alkaline phosphatase to 
twice normal should be investigated with hepatobiliary 
ultrasonography; if dilated biliary ducts are noted, either 


SELECTIVE DRAINAGE FOR CHRONIC, PANCREATITIS 


563 





FIG. 7. Roux-en-Y choledochojejunostomy, pancreatojejunostomy, and 
gastrojejunostomy for simultaneous duodenal, biliary, and pancreatic 
ductal obstructions. 


PTC or ERCP should be performed. The latter is pref- 
erable, since it may delineate pathology in both the pan- 
creatic and biliary ductular systems. Unfortunately, al- 
though the pancreatic duct can be cannulated in over 90% 
of patients, the common bile duct, which comes into the 
Ampulla of Vater at a much more acute angle, may be 
much more difficult to enter. PTC should then be per- 
formed to delineate the biliary anatomy. Persistent or re- 
current vomiting should suggest an UGI series to search 
for obstruction of the second portion of the duodenum. _ 

In this series, 11 of 20 patients with a dilated pancreatic 
duct had complete relief of pain following a longitudinal 
pancreatojejunostomy, probably secondary to decom- 
pression of increased pancreatic ductal pressure,’ as noted 
in each of our patients in whom it was measured. Seven 
patients had significant relief of pain initially but subse- 
quently developed recurrent pain that was found to be 
associated with new problems. This new pain was relieved, 
or significantly reduced, in five patients following an ad- 
ditional surgical procedure. Thus, patients who develop 
pain following a Puestow procedure require aggressive di- 
agnostic evaluation and not just be written off as failures. 
Excluding the perioperative death, jaundice and duodenal 
obstruction were relieved following biliary or . gastric 
drainage procedures, although the alkaline phosphatase 
remained mildly elevated (125 to 250 U/L) in six patients. 
Two patients were lost to follow-up, and there were two 
late deaths in this group. 

A radical pancreatoduodenectomy, or Whipple pro- 
cedure, for the treatment of chronic pancreatitis has clearly 
been shown to be associated with a higher morbidity and 
mortality, with pain relief inferior to that associated with 
effective drainage of a dilated pancreatic duct.'>?! In our 
experience, the modified Puestow procedure is a relatively 


564 


easy operation that takes only 2 to 3 hours and is asso- 
ciated with a very low morbidity. The pancreatic duct is 
usually palpable on the ventral surface of the gland and, 
if not, can be found without difficulty with needle aspi- 
ration. In four of our cases, we relied only on the pre- 
operative CAT scan or ultrasound study and did not feel 
ERCP was necessary. This was also true, in retrospect, 
for the other two patients in whom preoperative ERCP 
was unsuccessful and operative pancreatograms were ob- 
tained. We have not had any pancreatojejunostomy anas- 
tomotic disruptions. This is not surprising, as the pan- 
creatic tissue is quite firm and holds sutures well. 

A Whipple operation for chronic pancreatitis can be 
technically quite difficult with the extensive scarring pres- 
ent in and around the pancreas. However, this fibrotic 
reaction does make the anastomosis to the residual pan- 
creas less likely to disrupt and leak. The absence of a 
dilated pancreatic duct mandates resection for the treat- 
ment of pain. !3:!6!8:!92526 Qur patient with pancreas div- 
isum belonged in this category. We have performed only 
three Whipple resections and two distal pancreatectomies 
(80 and 90%, respectively) for the treatment of chronic 
pancreatitis associated with a nondilated pancreatic duct 
in the past 10 years. This may be related to the reluctance 
of our gastroenterologists to refer patients for surgery in 
the absence of a dilated pancreatic ductal system on 
ERCP. If extensive bleeding is encountered, one can pre- 
sume portal”? or superior mesenteric venous obstruction, 
as in one of our cases; pancreatic resection in these cir- 
cumstances would probably be a fatal. 

One patient in this series had intermittent obstructive 
jaundice with a long common channel, pancreatolithiasis, 
but no cholelithiasis. When the pancreatic duct was 
opened, pancreatic juice and white, pancreatic stones ex- 
ited under pressure, and, as the head of the pancreas was 
reached, stones and bile flowed into the pancreatic duct, 
strongly suggesting common duct obstruction secondary 
to pancreatolithiasis (Fig. 3). 

Ten of our patients underwent simultaneous drainage 
procedures (Table 1). Seven patients had drainage of both 
the common and pancreatic ducts during the same op- 
eration, two patients had drainage of the biliary tree and 
stomach, and one patient had simultaneous drainage of 
the common bile duct, pancreatic duct, and stomach. One 
of these patients, who had undergone cholecystojejunos- 
tomy and gastrojejunostomy, suffered a near fata! pul- 
monary embolus, which was treated by open embolec- 
tomy, but succumbed to sepsis as a result of a gastrojejunal 
anastomotic leak. Except for this death, the morbidity for 
these combined drainage procedures was extremely low. 
One minor wound infection was encountered. Most pa- 
tients were discharged from the hospital in 1 week. Similar 
results have been noted by Prinz, Aranha, and Greenlee?” 
and Warshaw.” It is often difficult to know which duct 
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is responsible for persistent abdominal pain in patients 
with chronic pancreatitis, a dilated pancreatic duct, or 
high-grade obstruction of the common bile duct. Many 
of our patients with biliary obstruction alone had painless 
jaundice. Therefore, it seems reasonable to presume that, 
if pain is present, it is probably from the pancreas. Because 
of the low morbidity, it makes sense to drain both ducts 
at the time of laparotomy. 

To our knowledge, Mercadier et al.** were the first to 
report on the triple drainage procedure (Fig. 7) and felt 
that this should be the standard operation in all patients 
who undergo a pancreatic duct drainage, since 30% of 
their patients ultimately developed either biliary and/or 
duodenal obstruction.** This recommendation is not 
supported by our data, since only two of our patients re- 
quired a second drainage procedure following a pancre- 
atojejunostomy. The method of drainage, i.e., choledo- 
choduodenostomy plus pancreatojejunostomy versus a 
long jejunal limb from the common bile duct across the 
opened pancreatic duct, does not seem to be important 
and should probably depend on the anatomic findings. If 


1.74 


significant but incomplete narrowing of the second portion“*. 


of the duodenum is present, a choledochojejunostomy 
should probably be the procedure of choice, since sub- 
sequent duodenal obstruction, as in one of our patients, 
would interfere with the function of a choledochoduo- 
denostomy. Three of our patients had bile flowing over 
the opened pancreatic duct and did not seem to suffer 
from any adverse consequences of this arrangement. 
Mercadier et al.”?** and Prinz et al.” also did not note 
any problem with bile bathing the opened pancreatic duct. 
Our only patient who had a cholecystojejunostomy died 
from postoperative complications, which were unrelated 
to his gallbladder drainage. However, the results in the 
literature from this procedure or sphincteroplasty are dis- 
mal, and they should be discouraged.'*° 

One of the major concerns regarding the debate of re- 
section versus drainage is the possibility of missing a re- 
sectable pancreatic or common bile duct carcinoma. An 
ampullary carcinoma should certainly be noted on en- 
doscopy. One can usually differentiate on PTC or ERCP 
between extrahepatic biliary obstruction secondary to 
chronic pancreatitis and an obstructing pancreatic or bile 
duct carcinoma. In the former, there is usually a gradual 
tapering of the duct or an hour-glass configuration, with- 
out complete obstruction. In pancreatic carcinoma, there 
is usually a “shelf” from the tumor and often complete 
obstruction. However, these signs are not infallible, as 
they can occasionally be reversed. In chronic pancreatitis, 
the alkaline phosphatase is markedly abnormal, whereas 


the serum bilirubin may be normal or minimally elevated. a” 


In pancreatic carcinoma, the alkaline phosphatase and 
bilirubin are both usually quite elevated. In chronic pan- 
creatitis, these values often wax and wane, in contrast to 


4 
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carcinoma, where they usually progress inexorably up- 
ward.” One of our patients, without a mass in the head 
of the pancreas and with normal intraoperative endoscopy 
of both the markedly dilated common bile and pancreatic 


. ducts, underwent a choledochojejunostomy and pancre- 


atojejunostomy. Biopsy of the pancreas was negative for 
carcinoma. Because of persistent abdominal pain and 
CAT scan evidence of a new mass in the head of her 
pancreas, she underwent a Whipple procedure for pan- 
creatic carcinoma 9 months later, only to die from her 
disease after another 6 months. The resection, following 
a previous modified Puestow procedure, was technically 
less demanding than had been anticipated. In the series 
of longitudinal pancreatojejunostomies by Prinz, Aranha, 
and Greenlee, two of 55 patients were subsequently found 
to have pancreatic carcinomas. Curative resection of pan- 
creatic carcinoma is very infrequent, and effectiveness of 
any therapy for this disease is limited. 

Recrudescence of symptoms following a longitudinal 
pancreatojejunostomy should demand thorough diag- 
nostic evaluation. ERCP following a properly constructed 


~~ longitudinal pancreatojejunostomy is usually not very in- 


teresting; the dye should flow immediately into the je- 
junum, where one can no longer see the opened pancreatic 
duct that makes up the posterior wall. In two of our pa- 
tients, partial obstruction of the proximal duct was noted 
on ERCP and was probably due to inadequate proximal 
drainage. In one instance, this was a result of extensive 
peripancreatic venous collaterals secondary to superior 
mesenteric venous obstruction, making the proximal dis- 
section extremely bloody and dangerous. In the other case, 
it was probably a technical error, although, if the head of 
the gland is quite large, the pancreatic duct can be very 
deep, especially in the uncinate process, and difficult to 
anastomose to the jejunum. Further surgical intervention 
was able to relieve, or significantly reduce, the recurrence 
of pain in five patients: repair of an incisional hernia, 80% 
distal pancreatectomy and cystduodenostomy in one case 
each and gastrojejunostomy in two. 

In conclusion, drainage procedures for chronic pan- 
creatitis are associated with a low morbidity when com- 
pared to the high morbidity and mortality reported for 
radical resectional operations for chronic pancreatitis and 
provide a high degree of pain relief. It does not seem rea- 
sonable to wait for the gland to “burn out” and the pain 


` to resolve. Combined drainage of an obstructed duo- 


-w 


denum or biliary and pancreatic ducts also carries a low 
operative risk and should be strongly considered in pref- 
erence to resection. Furthermore, renewed pain, jaundice, 
or nausea and vomiting should not simply be attributed 


- to a failed drainage procedure but should prompt diag- 


nostic efforts to identify‘an additional obstructive process, 
which can often be corrected by further surgical interven- 
tion. 
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DISCUSSION 


Dr. EDWARD L. BRADLEY III (Atlanta, Georgia): In this very nice 
paper Dr. Sugerman and his coworkers remind us of the extrapancreatic 
complications that occur in chronic pancreatitis. In 28 patients followed 
an average of 3 years and collected over a 10-year period, they found a 
43% incidence of parapancreatic fibrous obstruction. 

This is an interesting and important point. If, in fact, the incidence 
of parapancreatic obstruction is this high, prophylactic bypass could be 
considered. In fact, Mercadier has recommended that we perform a triple 
bypass on all these patients, i.e., the bile duct, the duodenum, and the 
pancreatic duct all at the same time. 

About 2 years ago, we studied a similar group of patients at Emory. 
We followed 80 patients over a 10-year period with an average 6-year 
follow-up. We were able to find only a 14% incidence of so-called para- 
pancreatic obstruction, and we came to the conclusion that prophylactic 
triple bypass on this basis was not warranted. Interestingly, in our study 
we found that if they were going to get another obstruction, it occurred 
within 6 years after longitudinal pancreatojejunostomy. 

My first question to the authors of this paper is: How can they account 
for this marked difference in incidence? If we review the world literature, 
the incidence of common duct obstruction is on the order of 5%, and 
that of duodenal obstruction 1%. Do you think that this discrepancy 
may reflect delay in referral to your surgical unit? 

There are two points in the paper that are particularly worthy of em- 
phasis. The first is that, in patients who have simultaneous obstructions, 
conservation of pancreatic tissue by a simultaneous bypass is probably 
superior to resection as a first stage procedure. The second point, and 
perhaps even more important, is that if a longitudinal pancreaticojeju- 
nostomy fails to relieve pain, restudy the patient. There is an unappre- 
ciated stenosis and recurrence rate with this operation, and you can 
salvage many of these people by redoing the procedure. 

Finally, there was mention in the paper that elevated intraductal pan- 
creatic pressures were found in this group of patients. I hope that Dr. 
Sugerman will amplify this particular observation. 

The authors have made a very valuable contribution by reminding us 
that chronic pancreatitis is a progressive disease, and long-term follow- 
up is necessary for these patients. I am grateful to the authors for the 
opportunity of reviewing the manuscript. 


Dr. JOAQUIN S. ALDRETE (Birmingham, Alabama): I wish tc con- 
gratulate Dr. Sugerman and associates for an excellent paper that not 
only documents the effectiveness of drainage procedures to treat the 
complications of chronic pancreatitis, but also clearly notes that in some 
patients several of these anatomical deformities produced by the pan- 
creatitis coexist. Therefore, a combination of drainage procedures is re- 
quired. 

I totally agree with the authors that attempts to correct the anatomical 
disturbances produced by the fibrotic process in the pancreas by drainage 
procedures should be preferred over pancreatic resections. Not only is 
the mortality lower but the effectiveness of the drainage procedure in 
relieving the pain and other symptoms is better, In fact, I feel that the 
indications for operation to treat complications of chronic pancreatitis 
are highly specific; they are: (1) obstruction of the pancreatic duct resulting 
in dilatation to a diameter above 5 mm, (2) obstruction of the common 
bile duct resulting in dilatation to a diameter of over 15 mm, (3) the 


presence of a pancreatic pseudocyst that measures over 4 cm in diameter, 
and (4) duodenal obstruction documented by varium studies, which per- 
sists after at least 4 days of treatment with nasogastric suction. Patients 
with fibrous chronic pancreatitis who do not have any of these specific 
complications and have severe pain should be treated with splanchnic 
blocks or surgical resection of the splanchnic ganglia. Only when these 
procedures fail, which is seldom, should resection of the pancreas be 
undertaken, 

Our own experience at the University of Alabama in Birmingham 
parallels that reported here by Dr. Sugerman and associates. We have 
constructed choledochoduodenostomies in 40 patients with common 
bile duct obstruction by the chronic fibrous pancreatitis. In five of them, 
a side-to-side lateral pancreaticojejunostomy was also constructed because `- 
of coexistent dilatation of the main pancreatic duct. Side-to-side pan- 
creaticojejunostomy alone was constructed in 14 other patients. Duodenal 
obstruction requiring gastrojejunostomy was found only in two patients. 

(Slide) This slide shows our experience with 19 patients who underwent 
lateral pancreaticojejunostomy; they have been followed for a relatively 
long period of time. There was only one operative death in a young 
patient with vasculitis who died of an intracerebral hemorrhage | week 
after operation. The other 18 patients survived. There were four late 
deaths at 20, 45, 65, and 80 months, after operation. Two patients had 
recurrence of the pain, but this was only about 2 or 3 months prior to 
their death. Of the 14 patients alive, 11 were followed from 12 to 72 
months; they are all free of pain. Three other patients followed from 12 
to 32 months were free of pain from 6 to 12 months but then had re- 
currence of their pain coinciding with the time when they started to 
drink alcohol again, emphasizing that drainage procedures of the pancreas 
are effective only when the patient is willing to abstain from drinking 
alcohol. 

Another important point already mentioned by Dr. Sugerman, but 
which I would like to emphasize, is that drainage procedures really do 
not treat the primary process of chronic pancreatitis. I believe that this 
is a relentless process that continues even after the operation; the drainage 
procedures, realistically, only treat the complications and not the primary 
disease. In the patients we have followed, after some years being free of 
pain, three of them developed exocrine pancreatic insufficiency and six 
of them developed diabetes mellitus. These findings suggest the relentless 
progression of the disease. 

(Slide) A final comment: I feel the best way to document the dilatation 
of the common bile duct is a PTC as shown in this slide. (Slide) Fur- 
thermore, in the last 2 years, we have been using computerized tomog- 
raphy more and more often to assess the presence of dilatation of the 
pancreatic duct. CT clearly shows the dilated pancreatic duct in this 
slide; it is my impression that CT will eventually be more commonly 
used for these purposes than ERCP. 

My only question for Dr. Sugerman is whether you agree that com- 
puterized tomography will eventually replace ERCP to assess the dila- 
tation of the pancreatic duct in this specific group of patients? I enjoyed 
hearing this important paper, which puts into the right perspective the 
usefulness of bypass operations to treat the complications of chronic 
pancreatitis. | am also grateful for the privilege of discussing this paper. . 


Dr. PAUL H. JORDAN, JR. (Houston, Texas): I want to congratulate 
Dr. Sugerman for a lovely paper, and I want to confine my comments 
to obstruction of the common duct. 
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It is really amazing to me, when you look at the heads of some of 
these pancreases, that we encounter such a low incidence of obstruction 
of the common duct with chronic pancreatitis. Dr. Sugerman pointed 
out that you can high grade obstruction with elevation of the alkaline 
phosphatase and a normal bilirubin. Occasionally, you can have a very 

. high grade obstruction without elevation of either one of them. 

~A The other observation I wanted to make has already been made several 
times. That is that there can be progression of the disease leading to 
subsequent obstruction of the common duct, which might not have been 
present initially. 

The real reason that I wanted to discuss the paper was the fact that 
occasionally you can have a pancreatic pseudocyst that can produce a 
high grade obstruction of the common duct. We have had 10 such cases 
in which the obstruction was totally relieved just by drainage of the 
pseudocyst; however, it is not always that easy to know at the operating 
table whether you have decompressed the common duct by drainage or 
whether there is entrapment of the common duct by fibrosis. I think 
that it is important to try to figure this out, and, in order to do so, while 
I do not know whether we have an ideal way at this time, I subscribe to 
doing a cholangiogram. Even then, there may be difficulty telling whether 
narrowing of the distal common duct is actually entrapment or not. I 
suspect that some day not far off measurement of secretory pressures 
will be able to help us out of this dilemma at the operating table. Some- 
times, it has not been possible ‘to perform a conventional bile duct 


On occasion, I have had to do a choledochogastrostomy, and fortu- 


nately I have not had any trouble with this. The other kind of drainage 
that I wanted to ask the authors about, and they have already alluded 
Arto it in their paper, was drainage of the pancreas and the common duct 
with the same loop of jejunum. I have always made that anastomosis so 
that the bile did not drain over the pancreas. It is interesting to learn 
that you can allow the bile to drain over the pancreas without causing 
problems. 


Dr. HARVEY J, SUGERMAN (Closing discussion): I would like to thank 
each of the discussants for their comments. I am indebted to Dr. Bradley 
for pointing out Mercadier’s excellent monograph in 1973, in which he 
referred to an article from 1968 where he performed combined drainage 
procedures for chronic pancreatitis. Dr. Mercadier also recommended 
choledochojejunostomy combined with pancreaticojejunostomy with the 
Roux-Y limb brought up to the common duct and then over the pancreas. 
A similar approach was also described in the series by Prinz, Aranha, 
and Greenlee. Bile bathing the pancreas did not cause further pancreatic 
problems. I also disagree with Dr. Mercadier’s suggestion that all three 


me 


SELECTIVE DRAINAGE FOR CHRONIC PANCREATITIS 


567 


systems should be routinely drained, since a second drainage procedure 
was only required in 7% of our patients following pancreaticojejunostomy. 

Our study had a high incidence of common duct strictures, and I am 
at a loss to explain why that was the case. Many of these patients were 
referred to us because of biliary obstruction from all over Virginia and 
were noted to have pain, as well as a dilated pancreatic duct. We were 
liberal, which I believe is reasonable, in draining both systems. If you 
have a dilated pancreatic duct and an obstructed common bile duct, it 
is hard to know which is causing the pain. I think that the pain is probably 
from the pancreas and that both systems should be drained. 

A choledochoduodenostomy is an excellent procedure for biliary ob- 
struction, but I am reluctant to do it if the patient is threatened with 
high grade duodenal obstruction. We had several patients with incomplete 
duodenal obstruction, in whom we did not do a gastrojejunostomy. They 


. were fine for years with that situation. However, I am reluctant to perform 


a choledochoduodenostomy if a patient also has threatening duodenal 
obstruction and feel that those patients should have a choledochojeju- 
nostomy. This occurred in one of our patients, necessitating a second 
operation with conversion to choledochojejunostomy. 

Three of our patients with a dilated pancreatic duct underwent mea- 
surement of intrapancreatic ductal pressure, as previously shown in the 
study by Dr. Bradley, and each had an elevated intrapancreatic ductal 
pressure. Pancreatojejunostomy relieved the pain. This provides further 
credence to the concept that the pain was due to pancreatic ductal ob- 
struction. 

I would like to thank Dr. Aldrete for his comments. I concur that it 
is very important for these patients to stay off alcohol. But, as you know, 
this is often impossible. Dr. Silen, in his 1963 article, stated that they 
could drink without pain following pancreatic drainage. In our experience, 
they do get pain if they resume binge drinking, but these are usually 
intermittent attacks and not the chronic and persistent pain that they 
had before the drainage procedure. 

I believe that a CAT scan or ultrasound demonstrating a dilated pan- 


-creatic duct are adequate for surgery on the pancreas. The duct is usually 


very superficial, on the ventral surface of the pancreas. It can be easily 


` felt or identified with the insertion of a needle through the pancreas. An 


ERCP or operative pancreatogram is not usually necessary. 

Regarding the discussion by Dr. Jordan, we did not include patients 
with pseudocysts alone in this series. I would agree that obstruction of 
the common duct is often relieved with pseudocyst drainage. However, 
that is not always the case. It is important, after draining a pseudocyst 
in a patient with biliary obstruction, to get a cholangiogram to determine 
if the ductal obstruction has been relieved. 

Again, I would like to thank everyone for their comments and the 
Society for giving us the opportunity of presenting this paper. 
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Various surgical procedures have addressed the disabling pain 
of chronic pancreatitis. Pain control must be weighed against 
the surgical morbidity and metabolic consequences of operation. 
Although ductal drainage works well for patients with dilated 
ducts, a new procedure was devised to avoid the diabetic morbidity 
of near-total pancreatectomy or pancreaticoduodenectomy in pa- 
tients with small duct pancreatitis. Five patients have undergone 
the splenopancreatic flap procedure. The head of the pancreas 
is resected in a manner similar to near-total pancreatectomy, 
while the body and tail are denervated by dissection from their 
bed, with retrograde perfusion from the splenic hilus. All patients 
are alive a mean of 9 months after operation, and none is diabetic. 
Only one patient requires narcotic analgesics. Although none is 
asymptomatic, all have shown significant weight gain, and four 
of five are vocationally rehabilitated. Flap viability and the ab- 
sence of transgastric varices have been documented by angiog- 
raphy and CT scanning. Although the durability of pain rellef 
and islet cell function is unknown, these results suggest that this 
procedure may offer an alternative to major resection in chronic 


HE CLINICAL COURSE of chronic pancreatitis is 
characterized by abdominal pain and inanition, 
often with progression to narcotic dependence. 

Although the metabolic consequences of chronic pancre- 
atitis can be controlled with medical therapy, the unac- 
ceptable morbidity of narcotic dependence has led to a 
variety of surgical attempts at pain control. Acceptable 
results have been obtained in ductal drainage procedures 
in those patients with ductal dilatation.! However, those 
patients with small duct pancreatitis and those who have 
failed ductal drainage procedures have been offered a va- 
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riety of resective techniques, inchiding distal pancreatec-_ 
tomy, near total pancreatectomy, and pancreaticoduo- 

denectomy. While major resection has offered the best 

pain relief, operative and long-term morbidity, particu- 

larly from insulin dependent diabetes,” is significant. A 

new procedure was devised’ to control pain while con- 

serving pancreatic tissue and avoiding insulin-dependent 

diabetes. 


Methods 


Five patients, ranging in age from 19 to 44 years, have 
undergone the splenopancreatic flap procedure at Emory 
University Hospital over a 7-month period (Table 1). 
Etiologies include alcohol abuse in two patients and non- 
biliary, nonalcoholic pancreatitis without ductal dilatation 
in three patients. Each patient had failed a prior surgical 
treatment: sphincteroplasty and septectomy—S, lateral 
pancreaticojejunostomy—1, lateral pancreaticojejunos- 
tomy, choledochoduodenostomy—-1, and segmental 
Roux-en-Y drainage of the head and body—1. All patients 
were requiring daily doses of oral narcotic analgesics, with 
intermittent parenteral administration. Although none 
had steatorrhea, all had substantial documented weight 
loss before operation. None of the patients were insulin 
dependent; two had abnormal oral glucose tolerance tests. 
One patient had intermittent jaundice due to extrinsic 
compression of the intrapancreatic portion of the common 
bile duct. 


Technique 


Operation is begun through a long bilateral subcostal 
incision. The pancreas is exposed by entering the lesser 
sac through the gastrocolic ligament. The gastroepiploic 
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TABLE 1. Preoperative Data 
Pa- Duration Weight Loss Dia- 
tient Age Sex Etiology (Yrs) (Ibs) betes 
I 19 M _ Idiopathic 6 — — 
2 21 F Familial 7 8 — 
3 42 M Idiopathic 3 72 — 
4 44 M — Alcohol 5 34 — 
5 43 M — Alcohol 2 7 — 





vessels are carefully preserved to provide collateral cir- 
culation to the spleen. Next, the pancreas is mobilized 
along its inferior border and elevated from the retroper- 
itoneum, preserving the splenic artery and vein. The 
avascular plane anterior to the portomesenteric vein is 
opened by blunt dissection. Resection is begun by dividing 
the pancreas at the junction of the head and neck over 
the portal vein (Fig. 1). 

The head of the pancreas is resected from the cut edge 
over the portal vein toward the common bile duct. Iden- 
tification of the common bile duct may be enhanced by 
introduction of a Bakes dilator via a choledochotomy. A 
small rim of pancreatic tissue is left between the wall of 
the duodenum and the common bile duct. Complete 
preservation of the gastroduodenal artery is not required 
to maintain duodenal viability.* 

Following division of the splenic artery at its origin and 
division of the splenic vein near its junction with the su- 
perior mesenteric vein, the remaining body and tail of 
the pancreas are freed from the retroperitoneal tissue until 
the pancreas is attached only to the vessels at the splenic 
hilus (Fig. 2). This severs somatic nerve fibers as well as 
autonomic afferent fibers along the splenic artery. The 
splenocolic ligament, an additional source of collateral- 
ization, is not divided. Finally, the pancreatic duct is 
drained by anastomosis to a Roux-en-Y limb of jejunum. 
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Fic. }. Outline of operative pain. 
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FIG. 2. Following subtotal resection of the head of the pancreas, the 
remaining pancreas is freed completely from its bed. Vascularity is pre- 
served via retrograde flow from the splenic hilus. 


A one-layer, mucosa to mucosa anastomosis is con- 
structed, if possible. 


Early Results 


All five patients are alive with a mean follow-up of 9 
months. The duration of postoperative hospitalization 
ranged from 16 to 25 days. Postoperative complications 
included intra-abdominal abscess resulting from pan- 
creatic fistulas in two patients and a wound infection in 
one patient. Both pancreatic fistulas closed spontaneously 
within 2 months. 

Three patients have resumed previous schooling or 
employment (Table 2). Patient #1 is a high school dropout 
who has never worked. He receives full medical disability 
and has significant secondary gain from avoiding voca- 
tional rehabilitation. Patient #5 is self-employed and 
works intermittently. 


Case Reports 
Patient #2 


Patient #2 is a 21-year-old woman who suffered her first episode of 
acute pancreatitis in September 1977. This was a classic acute episode 


TABLE 2. Postoperative Data 








Pa- Pain Rehabili- Weight Gain 
tient Control* tation (ibs) Diabetes 
l Fair 7 14 — 
2 Good + 15 — 
3 Good + 39 — 
4 Good + 17 — 
5 Fair + E! — 





* Good—minimal pain, requires no analgesics; fair—improvement 
in pain; requires occasional analgesics. 
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Fic. 3. Celiac arteriogram of patient #5 showing dominant gastroepiploic 
arterial filling of the splenic artery. 


with nausea, vomiting, dehydration, abdominal pain, and hyperanayla- 
semia. Three other episodes, despite a normal pancreaticobiliary tract, 
led to cholecystectomy in May 1978, with no change in pain pattern. A 
normal endoscopic retrograde cholangiopancreatogram (ERCP) was done 
in August 1978. Repeat ERCP in March 1979 showed some delayed 
emptying, and the patient underwent sphincteroplasty and septectomy. 
Significant pain requiring narcotics continued without a real pain-free 
interval for the next 36 months. In January 1982, exploratory laparotomy 
and Roux-en-Y drainage to both proximal and distal duct were achieved 
by division of the pancreas at its neck. Postoperative narcotic withdrawal 
was unsuccessful, and a subsequent reoperation in May 1982 was per- 
formed for celiac ganglionectomy and splanchnicectomy. She continued 
with a waxing and waning pain pattern, requiring narcotics intermittently, 
until April 1984 when the splenopancreatic flap procedure was done. 
Her narcotic requirements decreased, but a new pain pattern with a 





Fic. 4. Venous phase of celiac arterial injection, showing pancreatic 
collaterals to the splenic hilus and major outflow via the splenocclic 
ligament. 
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Fic. 5. CT scan reveals remaining body and tail of the pancreas and a 
large venous collateral immediately anterior to the spleen. 


cramping component developed. She also had a ventral hernia from 
prior surgery. Reoperation in July 1985 for ventral herniorrhaphy also 
showed mild pancreatic edema with significant small bowel herniation 
throughout the transverse mesocolon. This was reduced and the mes- 
enteric defect repaired. A small jejunotomy in the Roux-en-Y limb re- 
vealed a patent anastomosis with high amylase secretions within the 
lumen. After operation, she has not required narcotics but has had one 
mild episode of abdominal pain. She has regained weight and has enrolled 
in college. A repeat glucose tolerance test with serum insulin determi- 
nations is unchanged 14 months after surgery. 


Patient #4 


Patient #4, a 44-year-old man, first noted mild intermittent abdominal 
pain in 1980. This did not require hospitalization, and he continued to 
drink approximately 12 beers per week. In 1982, a severe episode of 
pain associated with jaundice led to an exploratory laparotomy, where 
the diagnosis of pancreatitis was made by biopsy. He has completely 
abstained from alcohol since that time but developed recurrent episodes 
of nausea, vomiting, and abdominal pain in January 1984. This led to 
massive weight loss and interference with his employment. In addition, 
he required frequent oral narcotics for these symptoms. He underwent 
ERCP in October 1984 to evaluate his abdominal pain and the reap- 
pearance of jaundice, which showed extrinsic distal common duct 
compression and “chain of lakes” changes in the pancreatic duct. At 
exploration, a retrograde intraoperative pancreatogram failed to fill the 
distal 3 cm of the pancreatic duct before its entry into the ampulla. 
Consequently, a longitudinal pancreaticojejunostomy was combined with 
a transduodenal sphincteroplasty and septectomy. In addition, the duo- 
denotomy was closed over the common duct as a choledochoduodenos- 
tomy. Initially, he did well and returned to work with only mild constant 
abdominal pain. However, the pain increased in intensity and again led 
to chronic narcotic usage with recurrent weight loss and declining job 
performance. ERCP in January 1985 showed a patent choledochoduo- 
denostomy and sphincteroplasty. The patient underwent the splenopan- 
creatic flap procedure in March 1985. His recovery was complicated by 
an intra-abdominal abscess, which, following CT-directed catheter 
drainage, resulted in a low output pancreatic fistula that closed before 
discharge from the hospital, He has returned to full employment at his 
prior occupation and takes no analgesics. 


Viability of the spleen and pancreas has been main- 
tained by several collateral arterial pathways. Patient #5 
has an intact gastroduodenal arcade, and the soleen is 
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filled from its hilum via an enlarged gastroepiploic artery 
(Fig. 3). Patient #1 perfuses the flap from left gastric 
branches in the absence of intact gastroduodenal inflow. 
Patient #2 has dominant right gastric inflow, retrograde 
via the short gastrics, to the superior pole of the spleen 
and a small gastroepiploic branch to the inferior pole. 

Splenic vein occlusion raises the possibility of the de- 
velopment of transgastric varices due to regional venous 
hypertension. This has not occurred because of sufficient 
venous run-off through other pathways. Venous phase 
angiography in Patient #5 (Fig. 4) shows a large collateral 
in the splenocolic ligament. This vessel is a constant find- 
ing on CT scan (Fig. 5) and mimics a frequent pathway 
seen after distal splenorenal shunt procedures. Eventual 
drainage into the renal vein and vena cava of these large 
retroperitoneal collaterals, to the left of the aorta, is seen 
in Figure 6. 


Discussion 


The intractable pain of chronic pancreatitis remains a 
therapeutic dilemma. Frequently, concomitant narcotic 


` use further complicates the management of these difficult 


patients. The ideal intervention, which would reliably 
control pain while preserving pancreatic function, has not 
been devised. Simple denervation of the afferent pain fi- 
bers offers a logical approach; however, despite the success 
of Mallet-Guy,® the results of others have been only fair 
to poor.’ Consequently, surgical efforts have been directed 
toward either correction of mechanical contributions to 
the pathophysiology of the disease or extirpation of the 
diseased organ. 

Following Berens’ description of ductal changes in 
chronic pancreatitis,® a variety of retrograde drainage 
procedures were devised. Over the next decade, the Par- 
tington and Rochelle modification of the Puestow lon- 
gitudinal pancreaticojejunostomy without pancreatec- 
tomy became a frequently employed ductal drainage pro- 
cedure. Satisfactory results have been obtained in large 
series of patients who had sufficient ductal dilatation to 
allow an adequate anastomosis. Currently, ductal drainage 
is probably the procedure of choice in those patients with 
dilated ducts.?"'!' The mechanism of pain relief by pan- 
creatic duct decompression is not clear. Unfortunately, 
some patients continue to have pain without improvement 
following this procedure, despite demonstration of a pat- 
ent anastomosis. ' 

A more difficult problem arises in patients with a small 
pancreatic duct and a normal ampulla. Neither retrograde 
drainage’ nor transduodenal sphincteroplasty in most 
hands'? has been satisfactory. Of particular concern are 
those young patients with nonalcoholic, nonbiliary pan- 
creatitis and normal ducts. Although these patients do 
well with ductal drainage procedures in the presence of 
ductal dilatation,'* those with small duct pancreatitis are 
candidates for major resection. 
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Fic. 6. CT scan near the level of the left renal vein shows large venous 
collaterals immediately left of the aorta. 


Unless the disease process is confined to the distal pan- 
creas, even generous distal resection is unlikely to control 
pain adequately. Near-total pancreatectomy or pancrea- 
ticoduodenectomy currently offers the best chance for 
successful pain control.'*:'© However, this benefit must 
be weighed carefully against the major associated mor- 
bidities. The Whipple procedure is associated with less 
diabetes but is technically formidable and interrupts nor- 
mal gastroduodenal physiology. Operative mortality re- 
mains a significant factor.!’ 

Near-total pancreatectomy also provides effective pain 
relief in the majority of patients.” Although this can be 
achieved with low operative mortality, the high incidence 
of insulin dependent diabetes leads to major long-term 
morbidity and mortality.'°'® The diabetic management 
is particularly difficult in noncompliant, alcohol-depen- 
dent patients.'® Islet cell transplantation may ultimately 
prove to be the solution to this complication. However, 
total pancreatectomy with islet cell transplantation is lim- 
ited to a few specialized centers and only occasionally 
obviates the need for insulin therapy.'° 

In conclusion, the ideal operation would equal the pain 
control of near total pancreatectomy while preserving islet 
cell function similar to the natural history of the disease. 
The splenopancreatic flap procedure is technically feasible 
and maintains a viable pancreatic mass. The short-term 
results have yielded an encouraging degree of pain control 
without detriment to glucose metabolism. While the long- 
term effects of splenic vein occlusion and pancreatic de- 
nervation are unknown, the procedure appears to offer 
an alternative to the unsatisfactory pain control of distal 
resection and the unacceptable diabetic morbidity of near- 
total pancreatectomy. 
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DISCUSSION 


Dr. FRANK Moopy (Houston, Texas): We are indebted to Drs. War- 
ren, Shires, and their colleagues for bringing us a step closer to helping 
these people with small duct disease. 

When you read the paper, you will see that these indeed are very 
complex patients, and the authors have not been frivolous in their at- 
tempts to help them. They have all had prior procedures to include 
sphincteroplasty with transampullary septectomy. Their study brought 
out again that this procedure does not help people with established chronic 
pancreatitis, even in the juveniles and idiopathic categories, 

Dr. Norbert Senninger from Heidelberg and I took this concept to 
the laboratory, the concept being central denervation of the pancreatic 
fragment. In an attempt to preserve islet function and avoid anastomotic 
leaks, we placed distal pancreatic fragments of dogs into the jejunal loop 
rather than anastomosing to it. Once we learned how to do this, we had 
no leak and, to our surprise, could create pancreatitis in this fragment 
with marked elevation in serum enzymes without the systemic effects of 
pancreatitis. But, more relevant to this presentation, we found out at a 
year that the dogs had normal serum glucoses and a normal glucose 
tolerance test. 

I would like to ask Dr. Shires whether, in fact, they have done glucose 
tolerance tests in their patients out to the 9 months-plus during which 
they have been following them, and would he tell us a little bit more 
about the indications, because what they imply is that they are going to 
be using this approach earlier in these patients? 

I think it is very important that we have a clear idea which patients 
should be used, for, while for Dr. Warren and his colleagues this is not 
a difficult procedure because they still do the Warren shunt and therefore 
have an opportunity to work frequently in this area, it may be more 
difficult for us who have kept away from this particular procedure. 


Dr. H. HARLAN STONE (Baltimore, Maryland): These, indeed, are 
some of the most perplexing patients one will ever encounter. 

(Slide) In the management of the patient with chronic pancreatitis, 
one can do all sorts of things in an effort to improve his pain pattern, 
but the patient usually finds an entirely different solution, that is, narcotics, 
on his own. This can be a very devastating additional problem to these 
debilitated individuals. 

Only about a third of our patients appear to have something one can 
drain; and, of those who have been subjected to a drainage procedure, 
only about a third of those have true pain relief. 

One would like to avoid resection, particularly because of problems 
with the resultant brittle diabetes. Accordingly, we have felt that dener- 
vation was the way to go, yet we wondered if it would not be much 
better and perhaps far easier to approach denervation from another an- 
atomic area. 


Of 15 patients who have had various types of procedures in the hope 
of relieving their pain and yet had failed them, several had resorted to 
celiac ganglion blocks. These seemed to work well for a few months, but 
seldom was there any permanence to pain relief. Via a thoracic approach, 
we then did a bilateral vagotomy (since supposedly 10% of afferent nerves 
pass in the vagus trunk) at the time of dividing the left splanchnics. In 
15 patients, all 15 had immediate relief. However, one had return of 
pain after only 4 days when she was told that she would no longer require 
any pain medication. She has been quite a problem since. 

Of the remaining 14, all have had remarkable freedom from pain. 
There are still 11 who have apparently gained permanent relief of pain 
on follow-up from 1 to 23 months. Of those who had only temporary 
relief, recurrence of pain routinely was noted in the right upper quadrant. 
A right splanchnic nerve resection was done, and all three of these now 
have apparently permanent relief of pain. This is a different approach 
to the problem of pain relief by means of denervation. 

As far as the 14 who have had a successful outcome, they still enjoy 
complete relief of pain, They have gained weight. Ten out of 11 have 
broken their opiate addiction. Thirteen of 14 have returned to alcohol, 
while 13 of 14 are gainfully employed. With the one exception, one 
might question whether his employment is gainful; he is still active as a 
hard drug dealer. 

I enjoyed this paper greatly because it clearly represents the way to 
go, that is, to denervate the pancreas of these patients who have nothing 
to decompress or have failed a prior decompressive procedure. 


DR. JONATHAN E. RHOADS (Philadelphia, Pennsylvania): Dr. Stone 
has covered much of what I got up to say, Mr. President, but I think the 
first effort that I knew of in denervating the pancreas was by Rienhoff 
and Baker' of Hopkins who had ablated both the vagi and the sympa- 
thetics. Later, studies by Bronson Ray? at Cornell, who was a neurosur- 
geon, seemed to show pretty definitely that the sensory supply did not 
go over the vagus, but went over the sympathetics. 

We did sympathectomies on these patients. I think that seven of them 
were bilateral and one unilateral, and followed them up. We found that 
four had relief and four did not. Whether there was any defect in the 
way we did the procedure, I am not sure, but overall we were disappointed. 

I think that the most successful operation I did for chronic relapsing 
pancreatitis was one in which I resected the tail of the pancreas to near 
the superior mesenteric vessels and then anastomosed the stump of the 
remaining right side of the pancreas to the back wall of the stomach. I 
have followed this woman for more than 10 years. I saw her about 2 
months ago. She seems to have had perfect relief, but she must have 
been fortunate in not having any lakes in the remaining portion. 

l enjoyed the paper. I think this is a fresh approach, a very promising 
one, and I hope many of us will have the opportunity to try it. 
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Dr. J. PATRICK O'LEARY (Dallas, Texas): I rise only to ask a metabolic 
question, Dr. Warren and Dr. Shires. 

It has been shown in dogs and in humans that about 50% of all insulin 
released by the pancreas is removed in one pass through the liver. In this 
operation, insulin will not pass through liver. Therefore, it is probable 
that the peripheral insulin levels will go up. 

Have you demonstrated hyperinsulinism or have you been able to 
calculate relative insulin resistance of changes in glucose clearance in 
our patients? . 


Dr. G. Tom SHIRES IÑ (Closing discussion): I am glad that this paper 
engendered a lot of discussion. I think the reason that there are so many 
different surgical approaches to chronic pancreatitis is because none has 
proven to be completely satisfactory. 

I want to reassure Dr. Moody that we still do the distal splenorenal 
shunt in Atlanta. We do it on more and more difficult patients following 
sclerotherapy and do not need to invent a new surgical challenge at this 
point. 

We have done glucose tolerance tests in these patients, and, in fact, 
they all have normal fasting blood sugars. There really has not been a 
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deterioration in their GTTs pre- and post-op, but again you have to 
remember that this is at a mean of 9 months. 

Also, the glucose tolerance test alone is not really a measure of pan- 
creatic function or reserve. At best, I think we can assume that we would 
at least try to parallel the natural history of the development of insulin- 
dependent diabetes, which is probably 20 or 30%, in these patients. 

The question of patient selection will become a crucial one in the 
future. Right now, this procedure is obviously not the procedure of choice 
for patients with ductal dilatation because drainage has been proven to 
be satisfactory in the majority of those patients. However, I think that 
narcotic addiction is probably the greatest problem for these young pa- 
tients with small ducts who really have not been able to maintain any 
productive lifestyle. The fact that this is not as morbid a procedure as 
the near-total pancreatectomy may allow earlier surgical intervention to 
break this cycle of pain and narcotic addiction. 

Dr. Stone’s procedure is interesting and is the same place historically 
as ours is to date. Time will tell. 

Dr. O’Leary’s question on insulin clearance is obviously the next fron- 
tier for us to investigate. We have not done in vitro cell level studies of 
hepatocyte or peripheral cell insulin sensitivity. The collateralization that 
Dr. Warren showed, in fact, does promote some insulin drainage into 
the portal system and not all into the systemic circulation; thus, I do 
not think-that we have totally rerouted insulin production to the systemic 
circulation. I think that an advantage of the operation is that it probably 
can be safely performed at this time by experienced pancreatic surgeons. 

Again, I think the most crucial point is that if long-term results are as 
encouraging as the short-term results, it will encourage earlier intervention 
before the narcotic addiction becomes an independent and frequently 
insoluble problem. 

I would like to thank the Association for the privilege of the floor and 
participation in the meeting. 
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Bipolar electrodes were placed in the ascending and descending 
colon of 13 patients during laparotomy. The magnitude of their 
operations varied from exploratory laparotomy to total gastrec- 
tomy. The magnitude and length of the operations performed 
did not correlate positively with the duration of postoperative 
ileus. Signals were recorded for up to 4 hours daily for up to 8 
days after operation during periods of rest and, in some patients, 
after administration of epidural or parenteral morphine sulfate. 
Power spectrum analyses of electrical control activity (ECA) 
showed dominant frequencies in both lower (2-9 cpm) and higher 
(9-14 cpm) ranges. During postoperative recovery, the mean 
ECA frequencies in right and left colon were relatively constant, 
but a variety of dominant ECA frequency relationships were ob- 
served. The modal pattern in the right colon was a shift in the 
dominant frequency from the higher to the lower range as re- 
covery progressed, while the modal pattern in the left colon was 
persistent dominance of ECA in the higher frequency range. 
Electrical response activity (ERA) initially was comprised of 
only random, disorganized single bursts but became progressively 
more complex through the initial 3 postoperative days with the 
appearance of more organized bursts and clusters, some of which 
propagated very slowly (about 5 cm/min) both orad and aborad. 
ERA recovery culminated, typically on the third or fourth post- 
operative day, with the return of long bursts of continuous ERA, 
some of which propagated at a higher velocity (about 80 cm/ 
min) and exclusively in the aborad direction and which were 
accompanied by passage of flatus or by defecation. 


OSTOPERATIVE ILEUS is a form of temporary bowel 
motor dysfunction that regularly follows operative 
procedures in the abdomen and on its contents 

or adjacent tissues, and occurs after operations remoie 
from the abdomen, particularly those involving the brain. 





Presented at the 97th Annual Meeting of the Southern Surgical As- 
sociation, Hot Springs, Virginia, December 1-4, 1985. 

Supported in part by grants from the Veterans Administration and 
from the National Institutes of Health (SRO1-AM32346). 

Reprint requests: Robert E. Condon, M.D., Ausman Foundation Pro- 
fessor and Chairman, Department of Surgery, The Medical College of 
Wisconsin, 8700 West Wisconsin Avenue, Milwaukee, WI 53226. 

Submitted for publication: December 13, 1985. 


574 


From the Department of Surgery and the Vince Lombardi 
Cancer Clinic, The Medical College of Wisconsin, and the 
Surgical Research Section, Zablocki VA Medical Center, 
Milwaukee, Wisconsin 





The discoordination of bowel motor function during 
postoperative ileus prevents consumption of an oral diet 
immediately after operation and is responsible for some 
morbidity and for prolongation of postoperative recovery 
and hospital stay. 

We have previously reported our experimental obser- 
vations in monkeys of early postoperative recovery of 
bowel function. We first demonstrated that postoperative 
ileus was most persistent in the left colon compared to 
other bowel segments,' and that recovery of motor func- 
tion occurred about the third day after an abdominal op- 
eration. We then showed that the timing and pattern of 
recovery of coordinated colonic motor function after op- 
eration was not influenced either by the magnitude or by 
the length of the operative procedure.*? Morphine, a 
stimulant of motor activity in normal bowel, was shown 
also to stimulate the colon during postoperative ileus, 
whereas other commonly used anodynes, such as meper- 
idine and codeine, were less active in this regard.’ 

Understanding of colon motor function in man is lim- 
ited, primarily because under usual conditions studies are 
restricted to those segments of the colon that can be easily 
intubated per anum. Further, serial observations of motor 
function from the same colon site over a period of days 
cannot reliably be accomplished by repetitive intubatior 
of the lumen. Such longitudinal studies are possible only 
with implanted electrodes; only a few such studies have 
been done,®? none of which provide data from the first 
postoperative day onward. 

We now report our observations in 13 patients of the 
relationship of operative magnitude and duration to the 
duration of postoperative ileus, and the changes in elec- 
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TABLE 1. Data of Patients Having Colon Motility Recordings 

Patient Operation Operation Day Ileus 
ID Diagnosis Operation Length (hr) Magnitude* Clears 
#1 Traumatic paraplegia Colostomy closure 1.7 2 4 
mn Familial pancreatitis Pancreatojejunostomy 3.2 3 4 
pee Failed Angelchik Fundoplication 1.8 3 3 
ea Failed Nissen Fundoplication 2.3 3 3 
ea Reflux esophagitis Fundoplication 3.2 3 3 
oa Cholelithiasis Cholecystectomy 1.7 2 4 
oe Renal artery stenosis Angioplasty 3.3 3 3 
ie Epigastric mass Exploratory lap; biopsy 0.8 1 4 
oe. Chronic gastric atony Total gastrectomy 5.7 “4 2 
a Small bowel obstruction Exploratory laparotomy 4.2 I 3 
id Rectal prolapse Rectopexy 3.3 3 3 
He ` Reflux esophagitis Fundoplication 1.8 3 4 
#13 Diverticulitis Anterior resection 4.5 3 2 


* Arbitrary scale, range 1—4. 


trical control activity (ECA) and electrical response activ- 
ity (ERA) during recovery from postoperative ileus. ECA 
is a recurring depolarization of intestinal smooth muscle. 
ERA is an intermittent high frequency discharge super- 
imposed on the depolarization of ECA and associated with 
muscle contraction. 


Material 


my The study group was comprised of seven women and 


six men, ranging in-age from 17 to 84 years, who were 
having elective abdominal operations. The diagnoses 
treated and operations conducted are recorded in Table 


1. The experiments were reviewed and approved by the- ` 


Human Research Review Committee of the Medical Col- 
lege of Wisconsin, and all patients gave informed consent 
to participate. 

Anesthetic management was that chosen by the as- 
signed anesthesiologist. Continuous epidural technic was 
elected in four patients; the epidural catheter was utilized 
in these patients for administration of morphine for up 
to 72 hours after operation. Postoperative patient man- 
agement was not constrained, except that nasogastric tubes 
were not used. 


me. Electrodes were fashioned from 0.3 mm O.D., Teflon®- 


coated, stainless steel wire (Medwire Corp., Mt. Vernon, 
NY) using the technic reported by Sarna and colleagues.®° 
Electrodes were inserted through the anterior taenia into 


the circular muscle of the colon. Two electrodes were 
placed at each recording site, 2~4 mm apart, thus forming 
a bipolar electrode. 

Three electrode pairs were placed in ascending (N = 10) 
and descending (N = 12) colon, each pair being 3 or 5 
cm apart. In the ascending colon, the distal electrode pair 
was placed at the hepatic flexure; in the left colon, the 
proximal electrode pair was placed at the descending-sig- 
moid junction. The ends of each electrode pair were with- 
drawn through a needle in the flank and fixed to the skin. 
At the completion of postoperative observations, the elec- 
trodes were withdrawn by traction; there were no com- 
plications related to electrode placement or withdrawal. 

Beginning on the first postoperative day and continuing 
daily until the patient had recovered from postoperative 
ileus, and in three patients for 1-3 days thereafter, re- 
cordings were made continuously daily for a period of 2- 
4 hours. Respiration was monitored by a pneumograph 
and recorded simultaneously with the signals from the 
bowel. The opportunity was taken in seven of our patients 
to record the effects of morphine, which had been ordered 
for pain relief; the morphine doses varied from 3-15 mg 
IM, 2-8 mg IV, and 5-9 mg epidural. 

Recordings were made on a polygraph (Model 7, Grass 
Instrument Co., Quincy, MA) with lower and upper cut- 
off frequencies set at 0.04 and 35 Hz. Recordings were 
also made simultaneously on a magnetic FM tape recorder 
(Model 3968A, Hewlett-Packard Corp., San Diego, CA). 
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TABLE 2. Characteristics of Electrical Response Activity During Recovery from Postoperative leus in Humans (N = 11) 








Propagation Characteristics 














Individual Duration Appears 
ERA Activity Burst Duration of Cluster Day Velocity Segments 
Class (sec) (min) (mode) Direction (cm/min) Involved 
DERA 
(short burst) 2.3+0.1 4.9 +07 2 Both 24+ 0.05 L only 
DERA 
(longer burst) 44+0.2 6.3 +63 3 Both 19+ 0.5 L only 
CERA 
(shorter burst) 12.2 + 1.0 55 +08 3 Both 81 +11 R&L 
CERA 
(longer burst) 20.1 + 2.7 0.34 + 0.05 4 Aborad only 80 +11 R&L 





After visual inspection of the paper recordings, 80-120 
representative minutes of each daily taped record were 
selected for further analysis. Movement artifacts were de- 
leted, but otherwise the segments analyzed were contin- 
uous. The taped records were low-pass filtered below 0.3 
Hz and band-pass filtered between 1-10 Hz to segregate 
ECA and ERA, respectively, at each recording electrode. 

For analysis of ECA, the tape-recorded signals from 
each bipolar electrode were low-pass filtered at 1 Hz and 
sampled at 2 Hz. A total of 80-120 blocks of data from 
each electrode were analyzed each day; there were 128 
data points, representing 64 seconds, contained in each 
block of data. Each block was subjected to fast-Fourier 
transformation using a computer (Nova 4X, Data General 
Corp., Southboro, MA) to determine the power spectrum.® 
The resolution of the fast-Fourier transformation program 
was 0.47 cpm. The power spectrum so produced is a dis- 
play of the relative strength of each frequency component 
of a complex signal, normalized so that the strongest fre- 
quency has a magnitude of 10. Frequency peaks repre- 
senting respiration were discarded. We then determined 
in each data block the frequencies with a magnitude of 9 
and 10 occurring in the power spectrum and summed all 
such occurrences of each frequency during the entire re- 
cording analyzed to determine the overall power spectrum 


TABLE 3. Colonic Electrical Control Activity During Recovery 
from Postoperative Ileus (cpm + S.E.) 





Colon Site Recorded: Frequency Range 














Right Colon* Left Colon* 
Lower Higher Lower Higher 
Postoperative day 
i 58204 125403 74403 114402 
5.9+06 116+05 3.7405 11.2+05 
3 5.2406 116+04 472404 11.9404 
4 49405 116405 49407 11.3405 
S 65406 12.7404 85405 118+08 
6 42405 11.9405 48409 112+65 





incidence of ECA being exhibited at each electrode by 
each patient on each day. Analysis of the ECA power 
spectra have been completed in six of the patients re- 
ported. 

ERA was analyzed by rerecording all signals between 
1-10 Hz (band-pass filtered) from the same 80-120 min- 
utes of the original taped record used for the ECA analysis. 
The resultant filtered signals were then rerecorded on pa- 
per and used, together with the raw record, for initial visual 
analysis. Response activity was segregated into classes on 
the basis of whether the activity was random or grouped, 
the duration of individual ERA bursts, the overall duration 
of clusters of bursts, whether the bursts or clusters prop- 
agated, and the direction and velocity of propagation (Ta- 
ble 2). Propagation was defined as the sequential appear- 
ance at three electrodes with a constant velocity between 
electrodes of an ERA burst. Clusters were identified as 
repetitive ERA bursts of similar character occurring for 
a minimum duration of 2 minutes. ERA analysis has been 
completed in 11 of the 13 patients reported. 


Results 
Clinical Recovery from Heus 


Ileus cleared, as recorded in Table 1, on the third post- 
operative day (mean = 3.2 days; mode = 3 days). The 
correlation coefficient for length of operation versus du- 
ration of ileus is strongly negative (r = —0.9), as is the 
correlation coefficient for magnitude of operation versus 
duration of postoperative ileus (r = —0.8). 


Electrical Control Activity 


ECA was present throughout all recordings made from 
the first postoperative day onward. Although omnipresent, 
ECA amplitude waxed and waned, particularly during 
quiescent periods. Some electrodes recorded a dominant 


ECA frequency in the lower range of 2-9 cpm, typically .. 


with a power spectrum peak at 3-4 cpm, while other elec- 
trodes had ECA frequency dominance in the higher range 
of 9-14 cpm and peak power at frequencies of 11-12 
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Frequency (cpm) 
Fic. 1. ECA in the right colon shows a bimodal distribution of frequencies 
in both the lower and higher ranges on the third postoperative day (dots), 
but shifts to the lower range on the fourth postoperative day (solid) and 
subsequently (dashes). The vertical scale expresses the relative power 
spectrum incidence of the various ECA frequencies. Shifting of the dom- 
inant ECA frequency was the most common pattern noted in the right 
colon after operation. 


2 cpm. Mean ECA frequency in both the lower and higher 
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ranges was nearly constant in both the right and left colon 
throughout recovery from postoperative ileus (Table 3). 
Inspection of the ECA recordings indicated that ECA was 
phase unlocked most of the time, particularly so during 
postoperative days 1 and 2, but detailed analyses remain 
to be done. Propagation of discrete electrical response ac- 
tivity (DERA, in which each ERA burst occurs on its 
corresponding ECA), implying at least intermittent phase- 
locking of ECA, was observed occasionally on postoper- 
ative day 2, and then progressively more frequently as 
recovery progressed. However, phase unlocked ECA was 
still the more common state, even after complete clinical 
recovery from ileus. 

Between the lower and higher ECA frequency ranges, 
a variety of relationships were observed during postop- 
erative recovery. In the right colon, the modal pattern was 
a progressive shift from the higher to the lower dominant 
ECA frequencies as recovery from ileus progressed (Fig. 
1). The next most common pattern was ECA constantly 
dominant in the lower frequency range. But dominant 
ECA frequencies persistently in the higher range were re- 
corded from two right colon electrodes, and shifts back 
and forth between the lower and higher frequency ranges 
were recorded from three other electrodes throughout the 
period of postoperative observation. 

In the left colon, there was less variability in ECA. The 
modal pattern was persistent dominance of higher fre- 
quency ECA (Fig. 2). But, in three instances, ECA dom- 


—~, inance was persistently in the lower frequency range, and 
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in three other instances a pattern of shifting between the 
higher and lower ECA frequency ranges was observed at 
one left colon recording site after operation. 
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Fic. 2. ECA in the left colon shows dominance of frequencies in the 
higher range throughout postoperative recovery. This was the modal 
pattern of ECA activity in the left colon after operation. Contrast with 
Figure 1. Vertical scale as in Figure 1. 


Electrical Response Activity 


Typical ERA tracings are displayed in Figure 3. ERA 
on postoperative day 1 consisted only of random bursts 
of short duration DERA in all patients. On the second 
postoperative day, three patients began exhibiting clusters 
of short DERA bursts; in one patient, this response activity 
propagated in both the orad and aborad directions. Short 
burst DERA was present in all patients on the third post- 
operative day. On this day, ERA also became progressively 
more complex; discrete ERA having a longer burst du- 
ration appeared in most patients and propagated bidirec- 
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Fic. 3. Types of ERA recorded after operation. Line | shows random 
single bursts of short duration that were present on the first postoperative 
day. Line 2 shows short burst discrete ERA occurring in a cluster; this 
type of ERA appeared as early as the second postoperative day. Line 3 
shows longer burst discrete ERA in a cluster of repetitive depolarizations; 
this type of ERA appeared on the third postoperative day. Line 4 shows 
a cluster of ERA exhibiting bursts that are longer than the ECA cycle; 
this activity appeared on the third or fourth postoperative day. Line 5 
shows a very long burst of ERA, first appearing on the fourth postoperative 
day. 
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Fic. 4. Continuous ERA bursts that propagate from the right colon 
(electrode E3) to the left colon (electrodes E4-E6). This type of ERA 
was associated with passage of flatus. 


tionally in the left colon (Table 2). Continuous electrical 
response activity (CERA, in which the burst discharge 
duration is longer than an ECA cycle and which is not 
controlled by ECA) also appeared on postoperative day 
3 in most patients, and sometimes propagated bidirec- 
tionally (Fig. 4). CERA with a relatively long burst du- 
ration appeared on the fourth postoperative day; this ERA 
always migrated aborally (Fig. 5). Aborally propagated 
CERA of either shorter or longer burst duration was as- 
sociated with the initial postoperative passage of flatus 
and stool. This type of response activity appeared initially 
on postoperative day 3 in three patients, on postoperative 
Gay 4 in five additional patients, and on postoperative day 
5 in the remaining three patients. 


Morphine Responses 


Administration of intravenous morphine failed to evoke 
a consistent response on the first postoperative day, but 
thereafter both intravenous and intramuscular morphine 
always resulted in a ERA response (Fig. 6) lasting at least 
for 5 minutes, and which usually was of longer duration 








FiG. 5. Continuous long duration ERA burst propagating aborally. This 
ERA was seen in both the right and left colon, but was more common 
on the left side, and was associated with the passage of stool. 
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Fic. 6. The response to morphine (5 mg intravenously, at arrow) is a 
prolonged burst of both discrete and continuous ERA that is of longer 
duration in the left colon. Electrodes E2 and E3 are in ascending colon; 
electrodes E4—E6 are in left colon. This record has been condensed 
(compare Figures 3-5) in order to exhibit more of the ERA response 
induced by morphine. The condensed record appears to exhibit nearly 
continuous ERA, but both discrete and continuous ERA are present in 
the original record. 


in the left colon compared to the right. Epidural morphine 
never produced ERA stimulation. Following intravenous 
or intramuscular morphine, once the effects of morphine 
stimulation abated, the colon returned to its former state. 
Administration of morphine did not induce ERA prop- 
agation, was not associated with passage of flatus or def- 
ecation, and did not alter the time to clinical recovery 
from postoperative ileus. 


Discussion 


The magnitude and length of an operation do not ap- 
pear to be major factors influencing the duration of post- 
operative ileus. Indeed, in our patients, the correlation 
coefficients for both of these variables were negative, in- 
dicating that longer and more complex operations were 
associated with a shorter duration of ileus after operation. 
This observation in patients is similar to data we have 
derived from experiments in subhuman primates.’ 

Recovery from postoperative ileus appears, from our 
limited observations, to involve changes in both ECA and 
ERA. ECA was present in the earliest postoperative re- 
cordings. During quiescent periods, ECA amplitude waxed 
and waned, but ECA was never absent. This observation 
confirms the report of Sarna and associates. Our finding 
differs from that of Couturier and associates,'° Snape and 
coworkers,'! and Taylor and colleagues,?!? who found 
ECA to be absent for part of the time in their recordings 
from various colon segments. The most probable expla- 
nation of the divergence between our observations and 
those of some other investigators is that methodologic 
difficulties led to their failure to identify the omnipres- 
ent ECA. 
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In both the right and left colon, there are two ranges 
of ECA frequencies. In the lower range, the mean fre- 
_ quency lies between 4.2-6.5 cpm in the right colon, and 
between 3.7-8.5 cpm in the left colon. In the higher range, 
the mean ECA frequencies were between 11.6-12.7 cpm 
in the right colon and 11.2—11.9 cpm in the left colon. 
These observations confirm those of Sarna and col- 
leagues,® who also found similar ranges of ECA frequen- 
cies in the intra-abdominal colon. Taylor and associates 
also have reported ECA frequencies of 3 and 10 cpm in 
their patients after operation, values that are in reasonable 
agreement with our observations.*!” 

The right and left colon behave differently in terms of 
ECA frequency during recovery from postoperative ileus. 
In the right colon, the most frequent ECA pattern was a 
shift from a bimodal expression of control potentials in- 
volving both the lower and higher frequency ranges to 
dominance of the lower 3-4 cpm frequencies as ileus re- 
solved and oral alimentation was resumed. But there was 
considerable variation in the ECA patterns observed in 
the right colon after operation; dominance of the lower 


> frequencies throughout the postoperative period was 
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found almost as often as the shifting pattern. In the left 
colon, the higher 9-14 cpm frequencies dominated ECA 
throughout recovery from ileus, although there also was 
some variation, particularly in recordings from electrodes 
implanted in the more proximal portions of this side of 
the colon. The importance of shifting ECA during the 
early postoperative period is that it would prevent even 
temporary phase-locking of control potentials. Phase- 
locking occurs when individual ECA generators are co- 
ordinated with each other so they are discharging at the 
same frequency and with a fixed time lag between them. 
The presence of two frequency ranges of ECA, and the 
shifts in the dominant ECA frequency observed in some 
patients during recovery from ileus, is evidence that there 
are multiple ECA generators in the colon. 

Random DERA was uniformly present in recordings 
made on the first postoperative day. Return of ERA pro- 
gressed from short to longer single bursts, often in clusters 
lasting several minutes. Then relatively short, continuous 
ERA bursts, also occurring in clusters, appeared in both 
right and left colon, with occasional bidirectional prop- 
agation of these ERA in the left colon. Recovery from 
postoperative ileus culminated with aborally migrating 
longer, continuous bursts (CERA), appearing as early as 
the third postoperative day, and associated with clinical 
recovery from ileus as evidenced by passage of flatus and 
stool and subsequent ability to consume a diet. 

Both the short and longer single bursts of response ac- 


«%, tivity seen in our patients resemble the DERA reported 


“by Sarna and colleagues? in that ERA occurs on each 
ECA, the ERA burst is of short duration (<10 sec), and 


has a maximal repetition rate which is that of the ECA. 
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frequency, about 1 1/min. This type of ERA also is similar 
to the short spike burst activity observed by Bueno and 
associates. ”! These workers defined short spike bursts as 
lasting 3.1 + 0.4 seconds with a frequency of 10.6 + 0.3 
bursts/min. 

The longer, more continuous bursts of ERA seen in 
our patients, which marked clinical recovery from ileus, 
fit the definition of CERA reported by Sarna,’ in which 
individual oscillations were in the frequency range of 0.9~ 
10 Hz and persisted for 15-300 seconds. This type of 
ERA is also similar to the long spike burst activity reported 
by Bueno and coworkers," defined as bursts lasting 10.3 
+ 3.6 seconds, occurring in isolation or rhythmically re- 
curring at a rate of 3/min, or propagated at a speed of 3.9 
+ 1.6 cm/sec or at a faster speed of 9.3 + 2.4 cm/sec. _ 

The ERA that followed administration of intravenous 
or intramuscular morphine in our patients shows that 
colonic smooth muscle opioid receptors can be stimulated 
to respond with a burst of ERA as early as the second 
postoperative day. But morphine-induced ERA was never 
seen to propagate, and administration of morphine did 
not alter the duration of postoperative ileus. 

The pattern of recovery from postoperative ileus is very 
similar in both monkeys and man. Both ECA and ERA 
return to normal over the initial 3-4 days after operation. 
ECA, although constantly present, does show shifts in fre- 
quency in some patients, particularly in the right colon, 
but with eventual stabilization of the dominant ECA fre- 
quency in the lower range in the right colon and in the 
higher range in the left colon. ERA shows progressively _ 
more complex activity, beginning with random bursts, 
evolving through increasingly longer bursts, and culmi- 
nating in coordinated aborally propagated discharges. A 
more complete understanding of colonic smooth muscle 
myogenic controls and responses, and of the effects of 
neural and humoral factors on colon motor function, is 
essential prior to future pharmacologic explorations to 
manipulate ileus in man. The similarity of recovery from 
ileus in monkeys and man indicates that monkeys are an 
excellent experimental model of human colonic function, 
particularly useful for screening studies regarding the ef- 
fects of drugs and other interventions that may influence 
the course of postoperative ileus. 
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DISCUSSION 


Dr. R. Scott Jones (Charlottesville, Virginia): Dr. Condon, I thor- 
oughly enjoyed this excellent presentation and the manuscript. 

The study of the regulation of gastrointestinal motility has developed 
progressively during the last couple of decades, but more recently because 
of improvements in technology and electronic recording devices a number 
of advances have occurred. I think that the paper today represents the 
presentation of significant new information about the regulation of colon 
motility and is particularly important because the observations were made 
in human subjects. 

The pacesetter potential or basic electrical rhythm has been observed 
for a number of years. It occurs in the stomach with the origin up in the 
lesser curvature and progresses aborally with a certain rate. There is also 
acharacteristic of the small bowel, and this is new information concerning 
the colon in man. 

I would like to make a couple of comments and ask clarification about 
a couple of variables. 

First of all, Dr. Condon, I think it would help if you would make 
some comment to relate and let us understand the relationship between 
this electrical activity that you measured and the mechanical events that 
occur in the bowel. That is, can you relate this to motility or can you 
relate it to some other measurements such as transit? 

There were several variables in this study that cannot be controlled 
in a clinical study like this, and I wonder if you would comment on 
those. First of all, some of your operations, particularly the fundopli- 
cations and certainly the total gastrectomy, probably perturbed the vagus 
nerve and vagal function. Would you comment on that and whether 
you could analyze that from your study. 

Now, the vagus influences the right colon predominantly but not so 
much the left. You might want to comment on that. 

The other issue is the question of morphine. Some of the patients got 
morphine and some did not; I was wondering if you could analyze the 
subsets of patients to observe the influence of morphine more carefully. 
The third variable I would like to ask about is the question of when the 
patients began to resume oral intake. You were doing your studies, and 
your measurements of oral intake were not a control variable. Is it possible 
that some of the observations that you recorded were the result of oral 
intake of fluid and solids? In other words, are we observing a feeding 
response rather than spontaneous recovery? 

I think this was an excellent study, well presented and well prepared. 
I think that the group from Dr. Condon’s department is certainly to be 
congratulated on this excellent work. 


Dr. JOAQUIN S. ALDRETE (Birmingham, Alabama): Really the two 
main reasons why patients cannot leave the hospital earlier, and this has 
become an important issue in these days of cost containment, are: number 
one, pain and. number two, the fact that gastrointestinal motility is not 
re-established soon enough. Hence, the efforts of Dr. Condon in eluci- 
dating this problem and ultimately accelerating or making possible that 
a patient undergoing, let’s say, a cholecystectomy could go home in 2 
or 3 cays. It is likely that serious attempts to investigate the problems 
of impaired gastrointestinal motility in the immediate postoperative pe- 
riod will shorten the hospitalization period in many patients. 


It is also to be commended that once Dr. Sarna, the coauthor of this 
paper and a well known electrophysiologist of the gastrointestinal tract, 
becomes associated with surgeons like Dr. Condon, basic research meth- 
ods are applied to pertinent clinical situations. 

We have studied extensively, in fact, we presented 4 years ago to this 
association our work on, postoperative changes in the electrical activity 
of the stomach. Some of the difficulties we found were similar to those 
found in the colon by Dr. Condon. I have some specific questions: 

First, is what you are referring to as the ERA, the electrical response 
activity, the same thing as the fast wave or the spike potentials, which 
are recognized as perhaps the most likely event that triggers or initiates 
contraction? 

Second, Dr. Jones already alluded to it; all the experts agree that the 
presence of electrical activity does not mean that there is contraction, 
which is what produces the re-establishment of colonic motility. Estab- 
lishing this correlation between electrical activity and contraction of the 
smooth muscle is the big problem encountered by everybody studying 
this problem. Thus, my question is: did you do any motility studies? 

I think that the spectrum analysis, the fast Fourier method, is the way 
to go, but you end up with a tremendous amount of data and several 
patterns, as you showed in both the fast wave and in the slow wave, since 
a very precise, statistical method is required to establish statistically valid 
differences in the trends observed. My second question is: Have you 
analyzed the data obtained, using statistically valid methods? In our 
studies on the gastric electrical activity, we used correlation coefficients 
and confidence bands methods: however, we could not really establish 
a statistically valid difference in the electrical patterns observed. 

Finally, are you doing any work using surface electrodes that would 
obviate the need to insert the wires directly into the colon? Dr. Dick 
Shepherd in our department and I have been working with this method; 
there are still many technical problems to be resolved, and a sophisticated 
system of filters is required to differentiate the electrical signals originated 
by the colon, small bowel, and the stomach. But if one could accurately 
record the electrical activity of the gastrointestinal tract with “patch- 
type” electrodes applied to the skin, these important studies could be 
done more extensively. 

I think this is an important paper. I think we will see more clinical 
applications in the future from studies of the electrical activity of the 
colon. I acknowledge that it is a very difficult field in which to work and 
be able to come up with clean definitive conclusions. Ultimately, I think, 
important contributions that will accelerate the recovery of patients after 
an operation will come out of these studies, like the one presented by 
Dr. Condon. 


Dr. ROBERT E. CONDON (Closing discussion): I want to thank Drs. 
Jones and Aldrete for their incisive and insightful comments and ques- 
tions. 

Both asked about the relationship between electrical events and con- 
traction. There are a variety of ways to measure contraction, and most 
of them are not very good. In particular, getting observations in humans 
becomes very difficult. Intraluminal perfused catheters and balloons do 
not work in the colon because the colon is not closed under resting 
conditions. It is a chambered organ. Under those circumstances, you 
cannot tell, in fact, whether the things that you measure originated at 
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the location of the transducer or somewhere upstream or downstream. 
A number of studies have been done using suction electrodes passed 
intraluminally. The problem with those is that you cannot accurately 
take them out and put them back in the same site, nor can you keep 
them in over a prolonged period of time. 

The only way, quite honestly, to get reliable repetitive data about 
contractions over time is to sew a strain gauge to the surface of the bowel. 
You can readily do that in experimental animals, but there is no way 
yet to do that readily in humans. Therefore, we make a number of as- 
sumptions about humans based on our extensive background in animal 
work, which indicates that electrical response activity always correlates 
with contraction. It is a one-to-one phenomenon, with the exceptions 
being so infinitesimally small as to be statistically capable of being ignored. 
Whenever you see electrical response activity, a contraction is occurring. 

We have one observation in a patient about the identity of ERA and 
contractions. The data were obtained not in the colon but in the stomach 
in a postoperative patient and indicate that is true. If you observe con- 
tractions in a barium-filled stomach under fluoroscopy and correlate 
that with a tracing, you can see that electrical response activity or spike 
waves do correlate with contraction. 

Dr. Jones asked if there was any difference between operations in the 
upper abdomen and in other sites in terms of the responses that we saw. 
There was none. The locus of the operation also did not appear to in- 
fluence the pattern of recovery, but you have got to remember that our 
data are based on a relatively small number of patients observed to date. 

Were there any subsets among the patients in terms of their response 
to morphine? There were none. The only difference in morphine response 
was when morphine was administered epidurally; we did not see a bowel 

_response even though eventually there was a slow rise in the concentration 
of morphine measurable in blood. Obviously, when it was given intra- 
venously or intramuscularly, the serum morphine content rose much 
more rapidly, and those routes of administration also brought about an 
ERA response in the colon from the second postoperative day onward 
in all patients with no differences between upper and lower abdominal 
operations and no differences between right and left colon. 
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When was oral intake resumed? Oral intake was resumed when con- 
tinuous electrical response activity appeared in the record, and usually 
the electrodes were pulled out the following day. We were not regularly 
observing feeding responses, Dr. Jones, although we did leave the elec- 
trodes in place in one patient for three subsequent days, and we do 
believe that there is a gastrocolic response of the left colon, but we ob- 
viously need a lot more data. One patient is not going to answer that 
particular question. 

Dr. Aldrete asked me if ERA means spike potentials. Yes, there is a 
sort of problem in semantics in this growing field. I utilized the termi- 
nology introduced by my co-investigator, Sushil Sarna. There are other 
terminologies that grew out of other areas of motility investigation, but 
we both believe this particular terminology is most accurate and most 
likely to apply to all kinds of motility investigations in all kinds of bowel 
segments. 

Have we done statistical analyses or correlations of the fast Fourier 
transformation program? I am not sure, Joaquin, exactly what the thrust 
of your question is. Is there a difference in determining the dominant 
frequency? Is that a statistically reliable determination? Yes, it is. The 
accuracy of reproduction of the fast Fourier transform program is 0.47 
cycles per minute. The standard error of that determination is no more 
than twice the sensitivity of cycle determination; thus, when you are 
looking at a change from something in the range of 11 or 12 cycles down 
to a range of 3 or 4 cycles, that clearly is a statistically reliable difference. 

We have done no work at all with surface electrodes. Their major 
advantage, obviously, is that they are noninvasive. The major disadvan- 
tage is that when used as a bipolar system, they encompass a lot of noise. 
Remember that a bipolar electrode reads all of the electrical events oc- 
curring between the two poles of the electrode, and even when they are 
placed relatively closely together on the surface of the abdomen, surface 
electrodes read a lot of noise and require a great deal of electronic ma- 
nipulation. After we have done enough internal observations in man, 
we may be able to identify the most critical events, and then we may be 
able to find a place for the use of surface electrodes to tell us when, for 
instance, CERA has returned and it is time to eat. 
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BEST SCIENTIFIC PAPER $2,500.00 


Medical students, surgical residents and vascular fellows are invited to submit scientific papers 
for the 3rd International Symposium on Vascular Surgery. 


$2,500.00 will be awarded for the best scientific paper. The winner will present the selected 
paper at the 3rd International Symposium and the paper will be published in a subsequent 
book. Round-trip air transportation, economy class to New York, will be paid for winner and 
guest, as well as hotel accommodations and nominal expenses. 


The 3rd International Symposium on Vascular Surgery will convene on May 14, 15 and 16, 1987 
at the New York Hilton Hotel in New York City, U.S.A. 


The two previous symposia, presented in 1983 and 1985, attracted over 600 surgeons 
and faculty, bringing together some of the most outstanding physicians in this field, from around 
the world. 


Scientific paper guidelines: 


e Open to: Any student in an approved medical school, house officer in 
surgery or fellow in vascular surgery (with faculty supervision) from 
anywhere in the world may apply. 


Format: Title of paper, summary of paper, introduction, methods, results, 
discussion. (References: Journals - author(s), title, journal, volume, date, 
pages; Books and Monographs - author(s), title, place of publication, pub- 
lisher and date). 


Three copies, including original paper, and glossy prints of illustrations, 
are required. 


All papers must be submitted in English and should be approximately 
thirty (30) minutes duration for presentation at the Symposium. 


Paper must be original and unpublished. 
Submitted papers are not returnable to the author. 
Papers will be reviewed by a special committee. 


Send your paper, by January 1, 1987 to: 
Convention Headquarters 
John B. Chang, M.D. 
Chief, Vascular Surgery 
Department of Surgery 
Long Island Jewish Medical Center 
New Hyde Park, New York 11042 


DEADLINE FOR PAPER SUBMISSION IS JANUARY 1, 1987 
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gauze i necessary. Moy be applied 2 to 5 times daily as the condition indicates. WARNING: In cose of deen or puncture wounds oF serices bums, consult 
physician. Hf redness, aritotion, swelling or poin persists or increases, or infection occurs, discontinue use and consult physician. Do not use in the eyes. 
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SUPROL® (suprofen) 200-mg Capsules 
The following is a brief summary only. Before prescribing, 
see complete prescribing information in SUPROL product 
labeling. 
Contraindications: SUPROL should not be used in patients 
who have previously exhibited intolerance to the drug. As with 
other nonsteroidal anti-intlammatory drugs, SUPROL should not 
be given to patients in whom aspirin and/or other nonsteroidal 
anti-inflammatory drugs induce bronchospasm, rhinitis, urti- 
caria or other sensitivity reactions. Rare anaphylactic reactions 
to suprofen have been reported, although the aspirin sensitivity 
history of the patients is unknown 
Warnings: There have been reports of the abrupt onset of flank 
pain associated with generally reversible renal insufficiency, 
sometimes with abnormal urinary sediment, in patients who have 
taken as few as one to two doses of SUPROL (suprofen). If flank 
pain occurs, SUPROL should be discontinued and renal func- 
tion monitored 

SUPROL (suprofen) should be given under close supervision 
to patients with a history of upper gastrointestinal tract disease 
and only after consulting the ADVERSE REACTIONS section 
Peptic ulceration and/or gastrointestinal bleeding have been 
reported in 1% of patients receiving SUPROL Capsules at 
800-1600 mg/day. 
Precautions: General: Renal Toxicity—As with other nonste- 
roidal anti-inflammatory drugs (NSAID's), long-term administra- 
tion of suprofen to animals has resulted in renal papillary 
necrosis and other abnormal renal pathology. In humans, there 
have been reports of acute nephritis with hematuria, proteinuria 
and occasionally nephrotic syndrome 

Another form of renal toxicity has been seen in patients with 
prerenal conditions leading to a reduction in renal blood flow or 
blood volume, where the renal prostaglandins have a supportive 
role in the maintenance of renal perfusion. In these patients 
administration of an NSAID may cause a dose-dependent re- 
duction in prostaglandin formation and may precipitate overt 
renal decompensation. Patients at greatest risk of this reaction 
are those with heart failure, liver dysfunction, those taking di- 
uretics, and the elderly. Discontinuation of NSAID therapy is typ- 
ically followed by recovery to the pretreatment state 

Since SUPROL and its metabolites are eliminated primarily by 
the kidneys, patients with impaired renal function should be 
closely monitored, and it should be anticipated that they will re- 
quire lower doses 
Anemia—\n long-term studies, decreases in hemoglobin and 
hematocrit have been reported in patients taking SUPROL. Ap- 
propriate tests should be performed if signs or symptoms of ane- 
mia are evident 
Liver Chemistry Abnormalities—As with other nonsteroidal anti- 
inflammatory drugs, borderline elevations of one or more liver 
tests may occur in up to 15% of patients These abnormalities 
may progress, may remain essentially unchanged, or may be 
transient with continued therapy. The SGPT (ALT) test is proba- 
bly the most sensitive indicator of liver dysfunction. Meaningful 
(three times the upper limit of normal) elevations of SGPT or 
SGOT (AST) occurred in controlled clinical trials in approxi 
mately 1% of patients. A patient with symptoms and/or signs 
suggesting liver dysfunction, or in whom an abnormal liver test 
has occurred, should be evaluated for evidence of the develop- 
ment of more severe hepatic reactions while on therapy with 
SUPROL. Severe hepatic reactions, including jaundice, have 
been reported with SUPROL as well as with other nonsteroidal 
anti-inflammatory drugs. Although such reactions are rare, if ab- 
Normal liver tests persist or worsen, if clinical signs and symp- 
toms consistent with liver disease develop, or if systemic 
manifestations occur (e.g, eosinophilia, rash, etc.), SUPROL 
should be discontinued, since liver reactions can be fatal 
Peripheral Edema—Peripheral edema has been observed in 
5% of patients receiving long-term therapy. Therefore, SUPROL 
should be used with caution in patients with fluid retention, heart 
failure or hypertension 
Ophthalmic Symptoms—Ophthalmologic examinations per- 
formed on long-term patients both prior to initiation and after dis- 
continuation of therapy failed to show any drug-related eye 
changes Three to 9% of patients reported changes in visual 
acuity, however, and because of reports of adverse eye findings 
in animals, i.e., attenuated retinal vasculature, retinal degener- 
ation and cortical opacities in rats treated with 25 or 35 mg/kg/ 
day (approximately the human dose) for 24 months (life-time 
treatment), it is recommended that patients who develop visual 
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Drug Inter- 
actions: A\ 
though supro- 
fen is high 
ly protein 
bound (see CLINICAL 
PHARMACOLOGY), in vitro studies have shown that 
SUPROL does not displace phenytoin, warfarin or tolbutamide 
from their plasma protein-binding sites. As a result, the concom 
itant administration of SUPROL (suprofen) with highly protein 
bound, weakly acidic therapeutic agents would not be expected 
to influence the efficacy or safety of these compounds. However 
as prostaglandins are directly involved in the regulatory mech 
anisms of hemostasis and glucose metabolism, patients on an 
ticoagulant or hypoglycemic therapy should be carefully 
observec while on SUPROL, as with other nonsteroidal anti 
inflammatory drugs 

Patients taking diuretics are at greater risk of developing renal 
failure secondary to a decrease in renal blood flow caused by 
prostaglandin inhibition by nonsteroidal anti-inflammatory 
drugs, including suprofen. (See PRECAUTIONS— General.) 

Drug/Laboratory Test Interactions: The drug has beer 
shown to inhibit platelet aggregation and prolong template 
bleeding time in vivo, but the platelet function begins to normal- 
ize within 4 hours after dosing and approaches normal within 24 
hours after the last dose of SUPROL. Therefore, patients who are 
taking anticoagulant therapy should be carefully observed while 
SUPROL is administered 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 
Two 2-year studies in rats and an 18 month study in mice were 
performed to evaluate the carcinogenic potential of the drug 
The initial rat study had inadequate survival. In mice, an in- 
creased incidence of benign liver tumors occurred in females at 
a dose of 40 mg/kg/day (approximately three times the human 
dose). Treated male mice (doses of 2.5, 10, anc 40 mg/kg/day) 
also had an increased incidence of hepatomas (not dose re 
lated) when compared to control animals. No evidence of car 
cinogenicity was found in doses as high as 40 mg/kg/day in the 
rat and mouse. Based on a battery of mutagenicity tests (Ames 
Micronucleus and dominant lethal) suprofen does not appear to 
have mutagenic potential 

Reproductive studies in rats at a dose of up to 40 mg/kg/day 
(approximately three times the human dose) revealed no im 
pairment of fertility and only slight reductions of fertility at doses 
of 80 mg/kg/day (approximately 6 times the clinical dose). How 
ever, testicular atrophy/hypoplasia was observed in a six-month 
dog stucy (at 80 mg/kg/day) and a 12-month rat study (at 40 
mg/kg/day) 

Teratogenic Effects: Pregnancy Category B. Reproductive 
studies have been performed in rabbits at doses up to 200 
mg/kg/day (approximately 15 times the human cose) and in rats 
at doses up to 80 mg/kg/day (approximately six times the human 
dose). In rats, doses of 40 mg/kg/day and above, and in rabbits 
doses of 80 mg/kg/day and above, resulted in an increased in 
cidence of fetal resorption associated with maternal toxicity 
There was an increase in stillbirths and a decrease in postnata 
survival in pregnant rats treated with suprofen at 2.5 mg/kg/day 
and above. As with other drugs known to inhibit prostaglandin 
synthesis, an increased incidence of delayed parturition oc- 
curred in rats. As there are no adequate and well-controlled 
studies in pregnant women, this drug should De used during 
pregnancy only if clearly needed. Because of the known effect 
of drugs of this class on the fetal cardiovascular system (closure 
of ductus arteriosus), use during late pregnancy should be 
avoided 

Nursing Mothers: The excretion of SUPROL in milk after a 
single dese to nursing mothers has been measured. Peak con 
centrations of SUPROL in milk, 0.12 to 0.23 mcg/ml at one to two 
hours, were approximately 1% of the peak plasma concentra- 
tions and fell to 0.€24-0 107 mcg/ml four hours after drug 
administration 

The maximum total daily exposure of a nursing infant to 
SUPROL (assuming nursing at time cf peak concentration) was 
calculated from this study to be 0. 03-0 06 mg/kg/day which 
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All the analgesia you need this 
side of a narcotic combination. 


200-mg capsules 


represents 0.015% to 0.03% of the usual daily adult dose. Cau- 
tion is advised in the use of SUPROL in nursing women since the 
safety of SUPROL in human neonates has not been established 


Pediatric Use: Safety and effectiveness in children have not 
been established 


Adverse Reactions: Those adverse reactions listed below 
were reported in controlled clinical trials in over 800 patients 
who received treatment in studies for one week or longer, of 
whom 537 were treated for at least three months, 331 treated for 
at least six months, and 103 for at least one year. 

Gastrointestinal symptoms were the most frequently reported 
adverse experiences, ranging from 10 to 20%, in SUPROL long- 
term studies (see below) 

Fifteen to 20% of patients dropped out of long-term studies 
because of adverse effects 

The incidence of adverse reactions in approximately 2,000 pa- 
tients receiving short-term therapy for mild to moderate pain or 
dysmenorrhea was, in nearly all cases, lower than those listed 
below. 


Incidence Greater Than 1%— Gastrointestinal: The most 
frequent adverse reaction occurring with SUPROL administra- 
tion was nausea which occurred in about 15% of the patients 
Reported less frequently were: Dyspepsia, 13%, loose stools/di- 
arrhea, 10%, gastrointestinal distress,“ abdominal pain,” con- 
stipation,* vomiting,” flatulence,” gastrointestinal bleeding 
stomatitis, and other bowel changes 

Central Nervous System: Headache," dizziness," sedation,” 
mood changes,” sleep disturbances,” and paresthesia 

Body as a Whole: Pain* and asthenia 

Cardiovascular/Respiratory: Edema," congestion (upper re 
spiratory),” hypertension and palpitation 

Dermatological: Dermatitis,” pruritus,” and skin irritation 

Hematologic: Purpura and bleeding 

Genitourinary: Urinary frequency, dysuria, and pyuria 

Musculoskeletal. Muscle cramps,” bursitis 

Special Senses: Changes in vision, conjunctivitis, and 
tinnitus 

* Reactions occurring in 3% to 9% of patients treated with 
SUPROL. Reactions occurring in fewer than 3% of the patients 
are unmarked 


Incidence Less Than 1% (Causa! Relationship Probable) — 
The following adverse reactions, some of which have been re- 
ported during post-marketing use abroad, occurred less fre- 
quently than 1 in 100. The probability exists that there is a causal 
relationship between SUPROL and these adverse reactions 

Body as a Whole: Acute allergic reactions with dyspnea and 
epigiottal and/or laryngeal edema, anemia 

Gastrointestinal: Peptic ulcers, gastroenteritis 

Cardiovascular: Epistaxis 

Dermatologic: Rash 

Central Nervous System: Appetite changes 

Urogenital: Acute nephritis, acute flank pain with renal insuf- 
ficiency (see WARNINGS). 


Incidence Less Than 1% (Causa! Relationship Unknown)— 
Other adverse reactions reported during Clinical trials or post- 
marketing use with a frequency of less than 1 in 100, but under 
circumstances in which a causal relationship between SUPROL 
and the reaction could not be determined. These rarely reported 
reactions are being listed as alerting information for the physi- 
cian since the possibility of a causal relationship cannot be 
excluded 

Gastrointestinal: Jaundice 

Cardiovascular/Respiratory: Tachycardia 

Hematological: Thrombocytopenia, acute hemolytic anemia 
leukopenia 

Genitourinary: Lime green urine 

Full directions for use should be read before administer- 
ing or prescribing. For information on symptoms and treatment 
of overdosage, see full prescribing information 
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The result is a good night’s sleep knowing 
you have given your patient the very best!! 


©“ Auto Suture Company 
a division of United States Surgical Corporation 
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the facts 
are known 
peritonitis 


Bacteriology 
Bacteriology 

in peritonitis is often 
mixed; Escherichia coli 
and Bacteroides fragilis 
are the most common 
etiologies. 


Seriousness 
Peritonitis is often life- 
threatening—surgery 
plus an appropriate 
antibiotic can be critical 
to recovery. 


Complications 
Systemic effects of the 
infection—volume depletion 
with hemoconcentration— 
may lead to shock and severe 
renal damage. 


MEFOXIN” (Cefoxitin Sodium, MSD) is contraindicated 

in patients who have shown hypersensitivity to cefoxitin 

and the cephalosporin group of antibiotics. Before therapy 

with MEFOXIN is instituted, careful inquiry should be made to 
determine whether the patient has had previous hypersensitivity 
reactions to cefoxitin, cephalosporins, penicillins, or other drugs. This 
product should be given with caution to penicillin-sensitive patients. 
Copyright © 1986 by Merck & Co., Inc 





wine the 
minis Fates tite 
favor 


Mefoxin ~. 
(Cefoxitin Sodium | MSD) 


Fact: Consistent spectrum of activity“ 
MEFOXIN has maintained its high level of activity 
against the common pathogens in peritonitis during 
seven years of extensive clinical use. 


Documented clinical efficacy 
Studies have documented that the efficacy of 
MEFOXIN is comparable to the combination of 
clindamycin and tobramycin in the treatment of 
intraabdominal infections. 


Fact: Safety comparable to cephalothin 
MEFOXIN is generally well tolerated. MEFOXIN does 
not contain the MTT side chain which has been 
associated with hypoprothrombinemia and, in some 
cases, clinical bleeding. 


Pseudomembranous colitis, from mild to life-threatening in severity, has been reported with 
virtually all antibiotics (including cephalosporins); therefore, it is important to consider its 
diagnosis when diarrhea develops in association with antibiotic use. 
*MEFOXIN is indicated for peritonitis caused by Escherichia coli, Klebsiella species, Bacteroides species 
including Bacteroides fragilis group, and Clostridium species. 
** In vitro activity does not necessarily imply in vivo effectiveness. 


For a Brief Summary of Prescribing Information, please see following page. 
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onten tations: /persensitivity to cefoxitin and the cephalosporin group ot anti- 
iotics 
Warnings: BEFORE THERAPY IS INSTITUTED. CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE FREVIQUS HYPEF TIONS TO CEFOXITIN, CEPHALOSPORINS 
PENICILLINS. OR OTH i i ) PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINIS D WITH CAUTION TO ANY PATIENT WHO FAS DEM- 
ONSTRATED SOME FORM OF ALLERGY PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS. DISCONTINUE THE DRUG SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES 
Pseudomembranous colitis, from mild to life-threatening in severity, has been re- 
ported with virtually all antibiotics (including cephalosporins); therefore, it is im- 
portant to consider its diagnosis when diarrhea develops in association with 
antibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth ot clostridia, a toxin produced by Clostridium dificile is a primary cause of antibiotic- 
associated colitis. Mild cases may respond to drug discontinuance alone, in mare severe cases, 
managemert may include sigmoidoscopy. appropriate bactenologica! studies, fluid, electrolyte 
and protein Supp ementation, and use of a drug such as oral vancomycin: isolation of Me patient 
anay be advisable. Other causes of colitis should alsa be considere 

Precautions: General- Total daily dose should be reduced in patients with reduced ur-nary out- 
put due to renal insufficiency because high and prolonged serum antibiotic concentretions can 
occur from usua! doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, particularly colitis. Prolonged use may result in avergrowth of nonsusceptible organisms 
sepealed eve luation of the patient's condition is essential. if superinfection occurs. take appropri- 
ale measures. ; : 
Drug Interactions Increased nephrotoxicity has been reported following concomitant adminis- 
tration of ceahalosporins and aminoglycoside antibiotics 

Drug/Laboratory Test Interactions High concentrations 1100 mcg/mL) may inte fere with 
measurement of serum and urine creatinine levels by the Jafle reaction and produce false in- 
areases of modest degree in creatinine levels reported: serum samples should not be analyzed 
Creatinine if withdrawn within 2 hours of cefoxitin administration. High concentrations may inter- 
Fere with measurement of urinary 17-hydroxy-corticosteraids by the Porter-Silber reaction and 
produce false increases of modest degree in levels reported A false-positive reaction far glucose 
in urine has been observed witt SLINITEST Il reagent tablets 
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Adverse Reactions: The most common adverse reactions have been local reactions ollowing 
ravenous or intramusculg on. Other adverse reactions have been encountered infre- 
quently. Local Reactions: bephlebitis with intravenous administration: pain. induration, 
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TROMBOSTAT™ 
' (THROMBIN, USP), 
" a trusted hemostatic 
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THROMBOSTAT™ (THROMBIN. USP)( Bovine Origin) 
Before prescribing, please see full prescribing information. A Brief 


u 
Summary follows: 
Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or powder. 
INDICATIONS AND USAGE: Thrombostat (Thrombin. USP) is indi- 


cated as an aid in hemostasis wherever oozing blood from capillaries 
and small venules is accessible. 

In various types of surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATIONS: Thrombostat is contraindicated in persons = 
known to be sensitive to any of its components and/or to material of 
bovine origin. 

WARNING: Because of its action in the clotting mechanism, Throm- 
bostat must not be injected or otherwise allowed to enter large blood 
vessels. Extensive intravascular clotting and even death may result. 
Thrombostat is an antigenic substance and has caused sensitivity 
and allergic reactions when injected into animals. 

PRECAUTIONS: General: Consult the absorbable gelatin sponge 


product labeling for complete information for use prior to utilizing the 
thrombin-saturated-sponge procedure. 


u 
Pregnancy—Teratogenic effects: Pregnancy Category C. Animal 
reproduction studies have not been conducted with Thrombin, Topi- 
cal (Bovine). It is also not known whether Thrombin, Topical (Bovine? 
can cause fetal harm when administered to a pregnant woman or 


can affect reproduction capacity. Thrombin. Topical (Bovine) should 
be given to a pregnant woman only if clearly indicated. 

Pediatric Use: Salety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: An allergic type reaction following the use of 
Thrombostat for treatment of epistaxis has been reported. Febrile 
reactions have also been observed following the use of Thrombostat 
in certain surgical procedures but no cause-effect relationship has 
been established. 

DOSAGE AND ADMINISTRATION: General: Sojutions of Thrombostat 
may be prepared in sterile distilled water or isotonic saline. The 
intended use determines the strength of the solution to prepare. For 
general use in plastic surgery, dental extractions, skin grafting, 
neurosurgery, etc, solutions containing approximutely 100 units per 
mi are frequently used. For this, 10 m} of diluent added to the 1000 unit 
package is suitable. Where bleeding is profuse, as from cut surfaces 
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of liver and spleen, concentrations as high as 1000 to 2000 units per ml 
may be required. For this the 5000 unit vial dissolved in 5 ml or 2.5 ml m a n 
respectively, of the diluent supplied in the package is convenient. 5 e 


Intermediate strengths to suit the needs of the case may be prepared 
by selecting the proper strength package and dissolving the contents k The Health Professions Publisher of 
Harper and Row, Inc. 


in an appropriate volume of diluent. In many situations, it may be 
advantageous to use Thrombostat (Thrombin, USP) in dry form on 
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oozing surfaces. 
Caution: Solutions should be used the day they are prepared. The 
solution may be used for up te 6 hours when stored at room temperc- 
ture: up to 24 hours when stored under refrigeration, and, if neces- 
ay, up to 48 hours when stored frozen. 
e following techniques are suggested for the topical application 

of Thrombostat. 
1. The recipient surface should be sponged (not wiped) free of blood 
before Thrombostat is applied. 
2. Aspray may be used or the surface may be flooded using a sterile 
syringe and small gauge needle. The most effective hemostasis 
results when the Thrombastat mixes freely with the blood as soon as 
it reaches the surface. 
3. In instances where Thrornbostat in dry form is needed, the vial is 
opened by removing the metal ring by flipping up the plastic cap 
and tear:ng counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrombostat is then broken up into 
a powder by means of a sterile glass rod or other suitable sterile 
instrument. 
4. Sponging of treated surfaces should be avoided in order that the 
clot remain securely in place. 

Thrombostat may be used in conjunction with Absorbable Gelatin 
Sponge, USP as follows: 
1. Prepare Thrombostat solution of the desired strength. 
2. Immerse sponge strips of the desired size in the Thrombostat solu- 
tion. Knead the sponge strips vigorously with moistened gloved fin- 


/ f, 
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gers to remove trapped air, thereby facilitating saturation of the Fa f n | 
sponge. j or near 
f 
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3. Apply saturated sponge to bleeding area. Hold in place for 10 to IS ra 

seconds with a pledget of cotton or a small gauze sponge. Pa / 
Thrombostat Kit: Thrombostat Kit contains one sterile 20,000 unit vial f 
of Thrombostat, one sterile vial of Isotonic Saline Diluent, and one 
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metastatic breast cancer in postmenopausal women. Available evi- 
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positve are more likely fo benefit from NOLVADEX therapy 

NOLVADEX in combination with cytotoxic chemotherapy following 
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calcemia, peripheral edema. distaste tor food. pruritus vut 
depression, dizziness, lightheadedness, and headache 
been infrequent reports of thromboembolic events occurin: 
NOLVADEX therapy. Since for cancer patients in general, an 
incidence of thromboembolic events is known to OCCUT, a Cau 
tionship to NOLVADEX remains conjectural. An increased in 
has been reported when cytotoxins are combined with NOLYVADEX 

if adverse reactions are Severe, itis sometimes possible to ol 
them by a simple reduction of dosage without loss of contol of t 
disease 
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PREGNANT 
MOTHERS: 
PLEASE 
DON'T 
SMOKE! 


if you are pregnant or 
planning a family, here are 
three good reasons to quit 
smoking now: 


1. Smoking retards the 
growth of your baby in your 
womb. 


2. Smoking increases the 
incidence of infant mortality. 


3. Your family needs a 
healthy mother. 


Please don't smoke for your 
baby’s sake. 


And yours. 
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Is Ileoproctostomy a Reasonable Procedure 
after Total Abdominal Colectomy? 


> 





H. WILLIAM SCOTT, JR., M.D. 
JOHN L. SAWYERS, M.D. 


J. RAYMOND FLETCHER, M.D. 


FRED A. WEAVER, M.D. 
l R. BENTON ADKINS, JR., M.D. 


A 17-year study has been made of 63 patients who had a variety 
of colonic disorders treated by total abdominal colectomy with 
ileorectal anastomosis in four hospitals affiliated with Vanderbilt 
University. Forty-three of these patients made an uneventful re- 
covery, but 20 others sustained significant complications, nine 
of which proved to be fatal (hospital mortality rate, 14%). The 
study shows (and confirms the work of others) that ileorectal 
anastomosis after total abdominal colectomy is a reasonable 
ina ppa 9 See when EAL fits eae csc little long-range information is available in the medical 
y., Ae followed in its application. literature concerning intestinal function in these patients 
i in the follow-up period. 
N 1952 the senior author and his chief surgical resident Some gastroenterologists feel that, since this operation 
carried out a total abdominal colectomy with ileo- inevitably leads to incapacitating diarrhea and inanition, 
proctostomy in a 40-year-old woman who was it should be avoided. Our surgical experience with this 


From the Department of Surgery, Section of Surgical 
Sciences, Vanderbilt University School of Medicine 
and Surgical Services of Vanderbilt, St. Thomas, 
Metropolitan Nashville General, and Veterans Administration . 
Hospitals, Nashvilie, Tennessee 


bleeding massively and persistently from diffuse colonic 
diverticulosis.' Despite the need for 16 units of blood in 
the preresection period, the patient made an uneventful 


postoperative recovery. She remains healthy and active: 
and has had normal bowel function over the last 3 decades. 


Although ileorectal anastomosis after total abdominal 
colectomy was carried out successfully as early as 1900,” 


Presented at the 97th Annual Meeting of the Southern Surgical As- 


procedure does not agree with this dismal outlook.. 

This divergence of opinions has prompted us to carry 
out a review of our experience with total abdominal co- 
lectomy and ileorectal anastomosis over the last 17 years 
in the four hospitals affiliated with Vanderbilt University 
School of Medicine. 


Clinical Material 


Using a medical record search, 63 patients were iden- 
tified as having undergone a total abdominal colectomy 


_ sociation, Hot Springs, Virginia, December 1-4, 1985. 
ò= Reprint requests: H. William Scott, Jr., M.D., Department of Surgery, 
Vanderbilt University Medical Center, Nashville, TN 37232. 
Submitted for publication: December 23, 1985. 


with the creation.of an ileoproctostomy during the past . 
17 years at Vanderbilt University, Metropolitan Nashville 
General, Veterans Administration, and St. Thomas Hos- 
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TABLE |. Diagnoses Necessitating Total Abdominal Colectomy 








Diagnosis Number 
Carcinoma of the colon 23 
Diverticular disease 19 
Inflammatory bowel disease 9 
Polyposis 6 
Megacolon 2 
Angiodysplasia 2 
Pancreatic abscess with colonic infarction i 
Colonic scleroderma 1 
Total 63 





pitals. Thirty-nine patients were male and 24 were female; 
the average age was 60 years. Diagnoses that necessitated 
total abdominal colectomy are listed in Table 1. 

Elective total abdominal colectomy with ileoproctos- 
tomy was done in 47 (74.6%) patients. Diagnoses included 
colonic carcinoma (22), diverticular disease (8), inflam- 
matory bowel disease (7), extensive colonic polyposis (5), 
angiodysplastic conditions (2), megacolon (2), and gas- 
trointestinal scleroderma (1) (Table 2). 

Emergency procedures were required in 16 patients 
(25.3%). Eleven of these procedures were performed for 
massive colonic hemorrhage secondary to colonic diver- 
ticulosis/diverticulitis (10) or polyposis (1). Inflammatory 
bowel disease with toxic megacolon, ischemic colitis, ob- 
structing carcinoma with perforation, necrotizing pan- 
creatitis with abscess and colonic infarction, and diver- 
ticulitis with abscess and perforation necessitated total 
abdominal colectomy in five patients. Three of these five 
patients initially underwent total abdominal colectomy 
with the creation of a Brooke ileostomy. Subsequent 
takedown of the ileostomy with ileoproctostomy was per- 
formed in all three patients. The other two patients, as 
well as the 11 patients who had resection for colonic hem- 
orrhage, underwent single-stage procedures (Table 2). 

Data pertaining to the morbidity of all procedures per- 
formed were obtained for each of the 63 patients. Follow- 
up at 1-, 3-, 5-, 10-, and 15-year periods was done through 


TABLE 2. Diagnoses Necessitating Total Abdominal 
Colectomy by Class of Operation 


Diagnosis Elective Emergency 
Carcinoma of the colon 22 i 
Diverticular disease 8 H 
Inflammatory bowel disease 7 2 
Polyposis 5 1 
Megacolon 2 0 
Angiodysplasia 2 0 
Pancreatic abscess with colonic 

infarction 0 I 
Colonic scleroderma 1 0 
Total 47 16 
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TABLE 3. Grades for Results 





Excellent Normal bowel function, no medication 

Good One to three stools per day, with medication 
Fair Four to six stools per day, with medication 

Poor Chronic debilitating diarrhea, despite medication 





medical record review, interviews with the operating sur- 
geon, or direct contact with the patient. Particular atten- 
tion was paid to general health, intestinal function, weight 
status, and the need for antidiarrheal medication. 

For critical analysis of follow-up results, bowel function 
was classified according to the criteria in Table 3. 


Results 


Each of the 63 patients was treated after operation with 
nasogastric suction, antibiotics, and parenteral alimen- 
tation. After recovery of bowel function as evidenced by 
passage of flatus and/or bowel movements, nasogastric 
suction was discontinued and, unless complications pre- 
cluded, each patient was started on oral liquids and grad- 
ually advanced to soft diet. k 

Frequent watery bowel movements occurred in virtu- 
ally all patients in the immediate postoperative period. 
Prior to discharge, antidiarrheal medication was started, 
usually with codeine or loperidine. 

Forty-three of the 63 patients who underwent total ab- 
dominal colectomy and ileoproctostomy recovered with- 
out complication. Among the 20 patients who developed 
a postoperative complication, nine did not survive (op- 
erative mortality rate 14%). In six of these nine patients, 
emergency operations were done for massive bleeding in 
three and for peritonitis in three others. The remaining 
three deaths occurred in patients who had elective pro- 
cedures. Table 4 lists the overall complications and fa- 
talities, and Table 5 relates these to the class of operation 
(emergency or elective). 


Elective Procedures 


Fourteen complications occurred in 12 patients who 
had total abdominal colectomy with ileoproctostomy as 


TABLE 4. Postoperative Complications 








Complications Patients Deaths 
Anastomotic leak 3 2 
Sepsis 4 4 
Pulmonary embolus 2 2 
Wound infection 4 0 
Atelectasis 4 0 
Urinary retention 2 0 
Hepatic/renal failure l 1 
Total 20 9 
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TABLE 5. Postoperative Complications by Class of Operation 


No. of Patients No. of Deaths 

Complications Elective Emergency Elective Emergency 
Anastomotic 

leak l 2 0 2 
Sepsis I 3 1 3 
Pulmonary 

embolus i i 1 1 
Wound 

infection 4 0 0 0 
Atelectasis 2 2 0 0 
Urinary © 

retention . 2 0 0 0 
Hepatic/renal l 

failure l 0 1 0 

8 3 6 


Total ` 12 


an elective procedure. Complications included wound in- 
fection and necrosis (4), urinary retention (2), atelectasis 
(2), congestive heart failure (1), acute stress ulcer (1), isch- 
emic bowel with perforation (1), hepatic and renal failure 
(1), pulmonary embolus (1), and anastomotic disruption 


(1). Three patients expired as a result of these complica- - 


tions on postoperative days 1 (pulmonary embolus), 28 
(hepatic and renal failure), and 60 (congestive heart failure, 
acute stress ulcer, and ischemic bowel with perforation) 
(Tables 4 and 5). 


Emergency Procedures 


Eight of 16 patients who required emergency total ab- 
dominal colectomy had a total of 11 complications after 
surgery. All complications occurred in patients who un- 
derwent single-stage colectomies with primary ileoproc- 
tostomy. Included in this group are the two cases of anas- 
tomotic leaks that ultimately led to sepsis and death in 
both patients. Other complications were intra-abdominal 
sepsis (3), atelectasis (2), pulmonary embolus (1), and up- 
per gastrointestinal hemorrhage (1). In addition to the 
two patients previously mentioned, four patients died 
from sepsis (3) and pulmonary embolus (1). 


Intestinal Function During Follow-up 


One- to 15-year follow-up was available in the 54 pa- 
tients who survived their operations. Using the criteria in 
Table 3, 30 of these 54 patients (55.5%) have enjoyed an 
excellent result with restoration of essentially normal in- 
testinal function. An additional 17 patients (31.4%) have 
had a good result following colectomy and ileoproctos- 
tomy. Thus, satisfactory intestinal function has been re- 
stored in 87% of the patients who had total abdominal 
colectomy with ileoproctostomy. All patients with excel- 
lent or good bowel function during follow-up felt that their 
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TABLE 6. Follow-Up Results in 54 Survivors 


Number Per Cent 
Excellent ; 30 55.5 
Good 17 31.5 
Fair 4 74 
Poor 3 5.5 


quality of life was as good as or better than it had been 
prior to the operative procedure (Table 6). 

Fair or poor intestinal function has been found in seven 
patients. The authors initially felt that this represented 
unsatisfactory adaptation to the total abdominal colec- 
tomy in all of these cases. A closer analysis of the situation 
in each of these seven patients, however, demonstrated 
other factors contributing to the unsatisfactory result. In 
particular, two patients who developed recurrence of co- 
lonic carcinoma required creation of diverting ileostomies. 
Three other patients were unable to care for themselves 
because of stroke and dementia. Another patient, who 
has subsequently expired, had diffuse gastrointestinal 
scleroderma, which undoubtedly contributed to the severe 
diarrhea that occurred following total abdominal colec- 
tomy and ileoproctostomy. Only one of the seven patients 
with fair or poor results appears devoid of any significant 
contributory factors. At | year after operation, this patient 
continues to haye four to five staols per day, in spite of 
antidiarrheal treatment, and has had a net weight loss of 
13 pounds. However, she feels that her quality of life has 
improved since her operative procedure. 

Intestinal function usually continued to improve with 
the passage of time. At the time of follow-up, al] patients 
who were 5, 10, and 15 years from operation had satis- 
factory intestinal function. Each of the patients credited 
as having unsatisfactory intestinal function is only 1 to 3 
years following operation. Five patients who initially 
would have been classified as unsatisfactory had significant 
improvement in intestinal function with the passage of 
time, noting a decrease in the number of bowel move- 
ments per day as well as the decrease or elimination of 
the requirement for medicinal therapy (Table 7). _ 

A comparison of the preoperative weight with that at 
1 year of follow-up was available in only 21 patients. This 
demonstrated a range of weight gain of 22 pounds to a 
weight loss of 50 pounds. The average change in weight 


TABLE 7. Results Related to Years of Follow-up 


5 Years 


1 Year 3 Years 10 Years 15 Years 
Excellent 13 9 5 2 1 
Good 6 5 3 2 1 
Fair 2 2 
Poor 3 
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of the 21 patients was less than | pound. Eleven of these 
patients gained weight while ten patients lost weight. 


Comments 


Total abdominal colectomy with ileoproctostomy is 
useful in a variety of diseases of the colon, and we agree 
with Fazio? that it can be carried out with advantage as 
either a one- or two-stage operation. In the two-stage op- 
eration, the colectomy is completed, a terminal ileostomy 
is created, and the rectal stump can be oversewn or the 
distal bowel exteriorized as a mucous fistula. At the second 
stage, the ileostomy is taken down and ileorectal anas- 
tomosis performed. 

Fazio has emphasized that the single-stage procedure 
should be done only “when optimal conditions exist,” 
including good nutritional condition, good intestinal 
preparation, absence of disease in the ileum or rectum, 
no intraperitoneal infection, and (we would add) no met- 
astatic ileal or rectal carcinomatous implants, and normal 
anal sphincteric function. 

Contraindications to total colectomy and primary il- 
eoproctostomy, in the authors’ opinion, include patients 
who are in poor general and/or nutritional condition, 
those who have intraperitoneal infection, metastatic se- 
rosal tumor implants, gross inflammatory bowel disease 
in the terminal ileum or rectum, and patients with sub- 
normal anal sphincter function. 

Little argument can be made with the view that an 
incompetent anal sphincter is a mandatory contraindi- 
cation to ileorectal anastomosis. However, since Wan- 
gensteen and Toon’ advocated the use of ileoproctostomy 
after colectomy for ulcerative colitis in 1948, controversy 
has existed regarding the use of this procedure in inflam- 
matory bowel disease. 

Elective colectomy and primary ileoproctostomy has 
been suggested for familial and multiple colonic polyps,’ 
synchronous colonic adenocarcinoma,® ulcerative colitis,’ 
granulomatous colitis,* and lower gastrointestinal bleeding 
secondary to pancolonic diverticulosis.? Emergency pro- 
cedures with primary or delayed ileoproctostomy are less 
frequently needed, but may be indicated for colonic ob- 
struction secondary to carcinoma or diverticulitis,'° un- 
remitting lower gastrointestinal bleeding from diverticu- 
losis or angiodysplastic lesions,'! and occasionally for in- 
tra-abdominal sepsis secondary to diverticulitis with 
perforation or abscess formation. 

An acceptable mortality rate of 0-3% can be expected 
for elective ileoproctostomy.*? Morbidity, likewise, is 
quite low with a very low incidence (0%-5%) of anasto- 
motic dehiscence. >"? Primary ileoproctostomy following 
emergency colonic resection has been advocated increas- 
ingly in the current literature.'° Failure, however, to delay 
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definitive reconstruction in the presence of sepsis, peri- 
tonitis, or a critically ill, unstable patient may result in 
anastomotic breakdown and death. This has been cor- 
rectly pointed out by Terry and Beart,'* and is underscored 
by two deaths in this series following emergency ileo- 
proctostomy. 

Patients who require elective colon resections and il- 
eoproctostomy are prepared before surgery with thorough 
mechanical cleansing of the bowel and either oral or par- 
enteral antibiotics. Technical considerations are para- 
mount, and we prefer a two-layer anastomosis between 
the antimesenteric side of the ileum and end of the rectum. 
This is a simple and reliable technique, obviating the need 
for a Cheatle slit and other such maneuvers required in 
alternative methods. In a few cases in this series, a stapled 
“functional” end-to-end anastomosis was used. A prox- 
imal diverting loop ileostomy has not been used. 

Special care must be taken to preserve as much terminal 
ileum as possible at the time of operation. With absence 
of the abdominal colon, the ileum becomes the major site 
of water and electrolyte absorption. Experimentally, the 


ileum has demonstrated the capability to increase the - 


number of epithelial crypt cells, height of villi, and cellular 
mitoses following ileoproctostomy. These morphologic 
changes have correlated positively with an increase in ab- 
sorptive capacity.” It follows that the remaining length 
of terminal ileum will play a key role in long-term intes- 
tinal function. 

No effort is made initially to control the increased 
number of loose stools that invariably results after oper- 
ation. After intestinal function has returned fully and prior 
to discharge, medicinal therapy is instituted with codeine 
or loperidene to control stool frequency to three to five 
per day. The follow-up study shows that approximately 
90% of patients in our series have enjoyed satisfactory 
intestinal function after ileoproctostomy and a minority 
of those required antidiarrheal agents. The impression of 
some that ileoproctostomy results in intractable diarrhea 
and even inanition is not substantiated by this series or 
by a careful review of recent literature. Oakley et al. found 
in 145 patients with ulcerative colitis that ileorectal anas- 
tomosis provided satisfactory intestinal function in greater 
than 90%.'? In a report by Watts, greater than 70% of 
patients with inflammatory bowel disease and ileoproc- 
tostomy had satisfactory bowel habits.'® Khubchandani’s 
series of 56 patients with ileoproctostomy for inflamma- 
tory bowel disease demonstrated a stool frequency of 1.4 
per day.'? 

These major series all deal exclusively with patients 
having inflammatory bowel disease. Because of the diffi- 
culty in differentiating symptoms of inflammatory bowel 
disease and those attributable to the ileoproctostomy per 
se, one would expect even better functional results fol- 
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lowing ileoproctostomy for other colonic diseases. This 
in fact was found to be true in separate series by Newton 
and Nemer, with greater than 90% of patients achieving 
a satisfactory outcome following ileoproctostomy.'”'8 

There remains, however, a 5~10% incidence of signif- 
icant diarrhea following ileoproctostomy. Other factors, 
such as stroke, dementia, and recurrent disease, may be 
the major determinants in this outcome rather than the 
ileoproctostomy per se. Our experience suggests that, given 
a well-motivated patient without inflammatory bowel 
disease or other mitigating factors, one can expect satis- 
factory long-term intestinal function in close to 100% of 
patients. 


Summary and Conclusions 


A study has been made of 63 patients who had a variety 
of colonic disorders treated by total abdominal colectomy 
with ileorectal anastomosis during a 17-year period in 
four hospitals affiliated with Vanderbilt University. Forty- 
three of these patients recovered without complication, 
but 20 patients sustained significant complications, nine 


` of which proved to be fatal (hospital mortality rate, 14%). 


The study shows that satisfactory bowel function was at- 
tained during follow-up of 1 to 17 years in 87% of 54 
survivors of operation, confirming the work of others in 
this regard. In conclusion, the answer to the question in 
the title is affirmative when the ileum and rectum are free 
of disease, no peritoneal infection or serosal implants of 
tumor are present, the condition of the patient is good, 
and the anal sphincter is normal. When the obverse of 
these conditions exists, the answer is negative. 
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DISCUSSION 


Dr. MARK M. RAVITCH (Pittsburgh, Pennsylvania): Dr. Zeppa, Dr. 
Sawyers, it would be a brave man, indeed, who would argue that an 
operation proposed by a former President of this Society and of every 
other surgical society | am aware of is unreasonable, and it is perfectly 
true that once the colon is out, you cannot have disease of the colon. 

I would agree with everything that Dr. Scott has said, and there is no 
question at all that all of us employ an all but total abdominal colectomy 
for appropriate indications. In fact, he has deliberately now addressed 
himself to the question of when the operation is proper and when it is 
improper. I have had a good deal of concern over the years with the 
casual way in which surgeons will say, “Well, I can’t tell whether the 
bleeding is coming from the right colon or the left colon, so I will take 
it all out.” 

The bleeding may indeed come from the colon, but it may turn out 
a day or two later that it came from the ileum. I have known that to 
happen. 


Dr. Wangensteen, I think, is responsible for a good many total ab- 
dominal colectomies for people who had a number of polyps. There is 
no argument that for polypoid adenomatosis, as in Dr. Lillienthal’s case, 
Dr. Lockhart Mummery’s two serving maid sisters back at the turn of 
the century before the newer operations were available, that that was a 
reasonable thing to do. Today, probably abdominal colectomy for mul- 
tiple polyposis is not appropriate, and I think it is excessive for the person 
who has a half a dozen polyps here and there. There are other ways of 
treating that. 

I do not understand diverticular disease being an indication for colec- 
tomy. There are many of us here who have diverticula, I dare say, from 
one end of the colon to the other, and we are all perfectly happy to keep 
our colon. Dr. Dragstedt used to say that a stomach is a good thing to 
take to dinner, and I think that a colon is a nice thing to have after 
dinner. But the thrust of Dr. Scott’s presentation, | think, is that when 
you need to have an abdominal colectomy, the price to pay is a perfectly 
tolerable one. I would qualify that by pointing out that 1, 2, or 3 years 
of diarrhea in a patient, let us say, of mature age can be pretty annoying 
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when you do not know what percentage of your total duration of existence 
on this mortal coil that represents, but this is an important paper. 

I can not argue with the things that Dr. Scott says, so | have chosen 
to argue with the things he has not said. Thank you. 


Dr. OLIVER H. BEAHRS (Rochester, Minnesota): Dr. Scott certainly 
has brought forward a subject that we need to address. It is unfortunate 
that there are those who, based on lack of data or on bias stemming 
fram the observation of one or several patients, state that an operation 
is not appropriate under certain circumstances. 

I appreciate the opportunity of reviewing Dr. Scott’s paper and feel 
that the data substantiate the fact that there is value to an ileorectostomy 
under certain circumstances. These would include certain cases of familial 
polyposis, multiple malignant lesions of the colon, certain cases of di- 
verticulitis where the patient is symptomatic and where there is extensive 
diverticulosis involving the abdominal colon, certain inflammatory dis- 
eases especially Crohn's disease where it is segmental and the rectum is 
free of disease, and maybe certain cases of ulcerative colitis where the 
involvement of the rectum is minimal. 

He reported an overall mortality of 14%. It would be nice if this were 
lower. In our experience in review of 497 cases involving total colectomy 
or proctocolectomy in the emergency cases, the mortality was 19%. It 
was 3% in the elective cases. 

Now with the availability of the several alternative surgical procedures, 
that is, an ileal rectostomy, a continent ileostomy, or the ileal anal anas- 
tomosis, I think that we should be offering these patients elective surgery 
more often than we have in the past. Their quality of life would be 
improved. 

I would be interested in Dr. Scotts comments regarding offering pa- 
tients elective surgical treatment more often. 

After an ileal rectal anastomosis, over time the distal ileum dilates 
sufficiently over a distance of about 2 feet; thus, the ileum, in fact, forms 
its own reservoir. This in part contributes to the excellent results in Dr. 
Scott’s report, which were about 90%. 

Overall in the cases in which ileorectostomy has been done and re- 
current disease occurs in the rectum, about a third of these patients need 
to undergo a second procedure for removal of the retained rectum. Two 
thirds do not. 

There are several questions I would like to ask Dr. Scott in addition 
to the one I just referred to. This is a technical question. When you do 
an ileorectostomy, do you attempt to stay out of the pelvis space or the 
presacral space? If a second operation subsequently is necessary, it be- 
comes increasingly difficult to carry out the dissection, and it is un- 
doubtedly associated with some morbidity. 

Even though you had dehiscence or leak in only three of your cases, 
would a proximal ileostomy in more cases have prevented the morbidity 
and mortality associated with the procedure? 

Interestingly, however, the majority of the cases lost in this series had 
complications that might have been related to any operation, not to the 
anastomosis. 

As far as sexual function is concerned, certainly by preserving the 
rectum the chance of sexual dysfunction is almost zero while it is high 
if one is doing a proctectomy for cancer of the colon. But if it is for 
benign disease it is relatively low, less than 5%. This is a factor that needs 
te be considered. | would be interested in your comments on sexual 
function. 

Thank you. 


Dr. BENJAMIN F. RUSH, JR. (Newark, New Jersey): I certainly ap- 
preciate the opportunity to be in this distinguished company. 

I rise to address the question of whether some of the new pouch pro- 
cedures, in fact. have an application in the setting of a total colectomy 
without removal of the rectum. The fact is that Dr. Scott’s data suggest 
that, since 98% of his patients do so well, no further operation or addi- 
tional manipulation may be necessary. 

On the other hand, it has been our observation that, first of all, there 
is a rather difficult period while patients are adjusting following total 
colectomy. The “colonization” of the small intestine, which I am sure 
occurs in most of them, does not occur in all. There is a period of some- 
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times devastating diarrhea in the initial year and sometimes initial 2 
years following the procedure. 

It may be that we can identify patients who could be selected to do 
better with an added pouch, and to that end we have looked at that 
possibility first of all in the dog lab. 

(Slide) This is from some of our dog work, and I know that Dr. Ravitch 
will appreciate the fact that we are using this modernistic instrument. 
But, in any event, we discovered in the dog lab and subsequently in the 
operating room that a 20 cm pouch can be quickly produced in the small 
bowel by applying the GIA once through an opening in the ileum and 
then simply invaginating or intussuscepting additionally bowel onto the 
stapler and applying it again. Do that twice in one direction and twice 
in the other direction and you have almost 20 cm. Three times is a little 
difficult. You may get another centimeter or 2 but you probably will not 
stain another full 5 cm. 

Applying this method in the laboratory to create some 15 pouches, 
we had no difficulty with leaks, and, in eight patients thus far, we have 
not had leaks either. 

(Slide) This is the pouch formed in a patient by the procedure described. 

We have not had any difficulties after operation. I think all of our 
patients immediately after operation would fall into the fair or good 
classifications, as defined by Dr. Scott. That is too small a series to come 
to any conclusion, but it offers us something to ponder on and continue 
to look into for the future. . 

Thank you very much for the privilege of the floor. 


Dr. EDWARD T. KREMENTZ (New Orleans, Louisiana): I rise to raise 
one particular problem about Dr. Scott’s presentation. I enjoyed the 
presentation and I was pleased with the progress that has been made 
with this procedure. 

In those patients with multiple colon cancers, particularly with asyn- 
chronous cancers, flank or node involvement, or one or two liver me- 
tastases, we have a situation where you will want to use chemotherapy 
or regional radiation therapy in the postoperative period, The resulting 
enteritis and diarrhea in a patient with a total colectomy raise difficult 
problems. | am wondering if any of your cancer patients had this sort 
of situation and how they were managed in the postoperative period. 


Dr. H. WILLIAM SCOTT, JR. (Closing discussion): First, let me thank 
all the discussants. I will begin with Dr. Ravitch, and the fact that he 
points out very definitely that we were emphasizing the negative by our 
complications and mortality reminded me very much of our weekly 
mortality-morbidity conferences. But I do not believe that the morbidity 
and mortality that we had in this group of patients would have been as 
great had we done more two-staged operative procedures, particularly 
in the emergency group with unprepared bowel. 

There seemed to be a little bit of a compulsion on the part of most of 
our surgeons to get it all done and to do an ileal-rectal anastomosis as a 
single stage procedure rather than to resort to a two-stage approach, even 
when the negatives that are listed on the last slide were often present. 

The question about polyposis that Dr. Ravitch raises is very well taken. 
We did not carry out abdominal colectomy and ileorectal anastomosis, 
except in a very few patients who had the acquired form (at least what 
we think is acquired) of multiple polyposis extending throughout the 
colon, but sparing the rectum, and in a few patients who had familial 
polyposis but refused to have a proctocolectomy, which is our preferred 
approach to treating that disorder. 

As regards diverticular disease, | think Dr. Beahrs answered Dr. Rav- 
itch’s question about that very nicely. We usually do not find diverticula 
in the rectum, Dr. Ravitch, and, therefore, there is a certain sentimentality 
attached to the rectum in people with diverticular disease. Those patients 
who had severe bleeding had diffuse diverticular disease from one end 
of the colon to the other with no localization of the bleeding site at the 
time of emergency colectomy. The patients who did not have bleeding 
were in the minority among patients with diverticular disease who were 
submitted to total colectomy. Examples include a critically ill patient of 
mine who had a ruptured diverticulum of his sigmoid that had flopped 
over against the ileocecal junction obstructing the ileum and forming a 
huge abscess that incorporated the ileum, the ascending colon, and sig- 
moid; we elected to do a two-stage operative procedure in that patient 
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who had diffuse diverticular disease ell the way from cecum to distal 
sigmoid. That worked out very well. He is alive and well. 

The points made by Dr. Beahrs, I think, are very good. Certainly there 
are alternatives to the operative procedures that we did, but we were 
dealing chiefly with situations in which the rectum could be spared. In 
individuals with metachronous and synchronous multiple carcinomas 
of the colon, I think total abdominal colectomy is realistic, as most of 
us do not advise such patients to lose their rectums forthwith even though 
new tumors or recurrence in the rectum must be anticipated some time 
in the future; preserving the rectum as long as possible in such patients 
with close observation is, I believe, a reasonable policy. 

In the situation of the patient with familial polyposis, one who takes 
on the job of carefully watching the patient who has a total abdominal 
colectomy and a rectum that is spared has taken on a very difficult task 
because patient compliance when that operation is done in my experience 
has been very poor. It is very difficult to get the patient to come back, 
particularly if it is a young patient, for routine examination of the rectum 
at appropriate intervals. On the other hand, it is very hard to get young 
patients in a family in which a parent has had a proctocolectomy with 
an ileostomy or with a Kock pouch to accept the same operation. They 
want to have a rectal-sparing procedure and will often not accept proc- 
tocolectomy. 
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Ileo-anal sphincter-sparing procedures may be a better answer, Dr. 
Rush, but we were dealing with situations in which colectomy with a | 
rectal-saving procedure is already decided on and we are not extirpating 
the rectum. Thus, I do not think that an ileal pouch and an ileal-anal 
anastomosis would be competing with ileal-rectal anastomosis in the 
cases of this series. . 

Dr. Beahrs mentioned preservation of the integrity of the perirectal 
spaces. Usually, we have not dissected the rectum out as we would do 
for an abdominal perineal resection but have simply amputated the colon 
at the level of the rectosigmoid junction and have not dissected presacrally 
to mobilize the rectum and have preserved the integrity of the prerectal 
space. The use of the procedure, I think, does, indeed, preserve sexual 
function in males, although I am afraid we neglected to investigate that 
particular function in this group of patients. 

Dr. Krementz mentioned the question of the cancer patients. Our 
patients had tumors that were presumably not grossly out of bounds in 
each situation in which we did an ileorectal anastomosis. There were 
two patients who had early recurrences of tumor despite the fact that 
they grossly appeared to be free of metastases at the time of the operative 
procedure, and radiation therapy was not used in this particular group., 

I want to thank all of you for the opportunity to present these data 
to you. 
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The nonocclusive component of ischemic colitis in anesthetized 
pigs was mimicked using cardiogenic shock produced by peri- 
cardial tamponade. Increases in pericardial pressure produced 
decreases in arterial pressure (P,) and cardiac output (CO), with 
corresponding rises in total peripheral resistance (i.e., cardiogenic 
shock). This was associated with marked reductions in blood 
fiow through the inferior mesenteric artery (IMA), due primarily 
to disproportionate increases in IMA vascular resistance. Levels 
of plasma renin activity correlated closely with these changes in 
mesenteric hemodynamics. Confirmed, total alpha adrenergic 
blockade with phenoxybenzamine failed to block this selective 
mesenteric vasoconstriction, while ablation of the renin-angio- 
tensin axis with captopril completely abolished it, thereby ame- 
liorating the colonic ischemia. Central intravenous infusions of 
pathophysiologic levels of angiotensin H, without tamponade, 
mimicked the response to shock seen with tamponade alone. In 
an additional group of pigs, 4 hours of sustained shock (tam- 
ponade) followed by 2 hours of normotension (release of tam- 
ponade and resuscitation) produced lesions characteristic of 
ischemic colitis, including full-thickness mucosal ulceration. Such 
lesions were ameliorated significantly in pigs in which the renin- 
angiotensin system had been ablated by bilateral nephrectomy. 
Nonocclusive ischemic colitis appears to be mediated primarily 
by a remarkable sensitivity of the colonic vasculature to the renin- 
angiotensin axis. 


SCHEMIC COLITIS is a well-recognized clinical phe- 
nomenon, although its precise etiology remains un- 
clear.'? It may manifest a spectrum of severity from 

mild, transient mucosal erosion to fibrous scarring with 
stricture formation and even transmural infarction.! 
While some cases are caused by macrovascular mesenteric 
occlusion due either to surgical trauma following aortic 
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reconstruction,? thromboembolism,'?*> or atheroscle- 


rosis, nonocclusive splanchnic vasospasm is an important 
component in many cases.°? Clinical situations associated 
with the production of the nonocclusive component of 
ischemic colitis include hemodynamic shock (hemor- 
rhagic, cardiogenic, or septic),”°’ low output cardiac fail- 
ure,’ and the use of pressor drugs such as sym- 
pathomimetics'®'' and the digitalis glycosides.*:'” 

Although a number of clinical studies of ischemic colitis 
have appeared in the past several years,'~* few investigators 
have addressed experimentally the pathogenesis of this 
disorder.'? Consequently, we examined the colonic re- 
sponse to cardiogenic shock in the anesthetized pig, with 
respect to both splanchnic hemodynamics and ischemic 
tissue injury, in an effort to understand better the patho- 
physiologic mechanism(s) of the nonocclusive component 
of ischemic colitis. 


Methods 
Experimental Preparation 


We previously have employed controlled levels of peri- 
cardial tamponade in swine to produce varying degrees 
of cardiogenic shock that are quantitatable, reproducible, 
and rapidly reversible. A detailed description of this ex- 
perimental preparation has been reported.'* Briefly, 10- 
to 20-kg, weaned, fasted piglets were anesthetized with 
intravenous (I. V.) pentobarbital (3-5 mg/kg by repeated 
bolus injections, as needed) and respiration was main- 
tained with room air using a ventilator connected to a 


tracheostomy. Systemic arterial (P,), and central venous “~ 


(CVP) pressures were monitored continuously with strain 
gauge pressure transducers. Cardiac output (CO) was de- 
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termined by thermodilution repeatedly, as needed.'* 
Through a left thoracotomy, a truncated 18 french Foley 
catheter was placed into the pericardial cavity and secured 
with a water-tight purse-string suture. This catheter al- 
lowed for incremental injections of a 10% solution of low 
molecular weight dextran (Dextran 40) into the pericardial 
space, thereby producing pericardial tamponade. Peri- 
cardial pressure (Pp) also was monitored continuously via 
another pressure transducer. Through a left retroperito- 
neal flank incision, the root of the inferior mesenteric 
artery was exposed and a flow probe was placed around 
the vessel, with care taken to disturb minimally the peri- 
vascular nervous sheath (Fig. 1). Continuous measure- 
ment of inferior mesenteric artery blood flow (IMAQ) 
was provided by a pulsed ultrasonic Doppler flowmeter. 5 
Each flow probe was calibrated volumetrically, in situ, at 
the conclusion of each experiment. Body temperature was 
maintained between 38-39 C with a heating pad and heat 
lamp. Lactated Ringer’s solution was administered intra- 
venously (10-15 ml/kg) to maintain hydration. 

After completion of the experimental preparation, the 
pigs were hemorrhaged 15% of their calculated blood vol- 
ume, allowed to stabilize for 30 minutes, and baseline 
hemodynamic measurements were then obtained (Table 
1). (We had found previously only minor changes in sys- 
temic or mesenteric hemodynamics in response to this 
hemorrhage alone, but observed that it did sensitize the 
animal to the effect of subsequent tamponade. '*) Graded, 
successive infusions of dextran then were made into the 
pericardial cavity, which resulted in corresponding de- 
creases in CO (i.e., cardiogenic shock). At each progressive 
level of decreased CO, hemodynamic parameters were 
allowed to reach steady-state levels before proceeding to 
the next level of tamponade. This usually occurred within 
4-5 minutes. Previous studies had demonstrated that this 
steady state could be maintained for at least 30 minutes 
if Pp and, hence, CO were held ccnstant.'® At the com- 
pletion of such a “run” of tamponade, the dextran was 
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Fic. 1. Porcine mode! of cardiogenic shock. Cardiac tamponade was 
induced by incremental injections of dextran into the pericardial sac 
while monitoring Pp. Cardiac output was determined by thermodilution. 
Inferior mesenteric artery blood flow was monitored continuously with 
a pulsed, ultrasonic Doppler flowmeter. Cannulations for pressure mea- 
saurements and fluid administration are shown. 


withdrawn easily from the pericardial sac, with a resulting 
rapid return of all monitored values to their baseline 
(posthemorrhage, pretamponade) status. 


Cardiogenic Shock Protocol 


A total of 18 pigs were included in the first portion of 
this study. In 12 of these pigs, a “control” run of tam- 
ponade was performed as described above. In the first six 


TABLE 1. Hemodynamic Parameters before and after Maximal Tamponade 








P,* COt TPR IMAQ$§ IMAR|| 
(mmHg) (ml/min x 100 g) (mmHg/ml/min X 100 g) (ml/min Xx 100 g) (mmHeg/ml/min x 100 g) 

Tamponade alone 

Baseline 89 +3 29+2 3.3 + 0.3 27+8 6.0 + 1.8 

Maximal tamponade 52 +41 12 + 29 4.7 +0.41 4418 23.6 + 6.27 
Captopril + tamponade 

Baseline 9344 25+2 3.9 + 0.4 15+4 83 + 2.0 

Maximal tamponade 36 + 3f 6218 6.2 + 0.68 PEAT 6.6 + 1.7** 
Phenoxybenzamine 

+ tamponade 
Baseline 74+5 26 +1 3.0 + 0.3 40 + 10 2.5 + 0.6** 
Maximal tamponade 46 + 8f 14+ 1* 3.4 = 0.6 8+ 38 8.6 + 2.697 











T Significantly different from corresponding baseline value (p < 0.05). 
** Significantly different from corresponding value for tamponade 
alone (p < 0.05). 


*P, = systemic arterial pressure; ł CO = cardiac output; | TPR 
= total peripheral resistance, §IMAQ = inferior mesenteric artery 
blood flow; || IMAR = inferior mesenteric vascular resistance. 
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PERICARDIAL PRESSURE (mmHg) 


FIG. 2. Systemic hemodynamic response to pericardial tamponade. Pro- 
gressive increases in Pp produced corresponding decreases in CO and 
P,. These changes were accompanied by increases in total peripheral 
resistance (TPR). Therefore, this model provides a quantitatable, repro- 
ducible, and rapidly reversible model of profound cardiogenic shock. 


of these runs, central venous blood samples were obtained 
at each level of tamponade and subsequently assayed for 
plasma renin activity.!”'® At the completion of all 12 con- 
trol runs, blockade of either the renin-angiotensin axis (N 
= 6) or the sympathetic nervous system (N = 6) was per- 
formed with an appropriate pharmacologic antagonist, 
after which the run of tamponade was repeated. To in- 
vestigate the role of the renin-angiotensin axis, its blockade 
was achieved with captopril (100 ug/kg bolus, followed 
by a 100 „g/kg/min continuous infusion), an angiotensin- 
converting enzyme inhibitor. Alpha adrenergic blockade 
of the sympathetic nervous system was accomplished with 
phenoxybenzamine (10 mg/kg, given over 15 minutes). 
The completeness of blockade by each of these agents was 
demonstrated by the absence of a hemodynamic response 
to a subsequent bolus I.V. injection of the appropriate 
agonist, either angiotensin I (20 wg) or norepinephrine 
(50 ug). In the remaining six pigs, successive, graded doses 
of angiotensin II were infused without tamponade. These 
doses of angiotensin II (0, 0.3, 0.8, 1.5, 3.1, 7.6, 15.3, 
30.6, and 76.4 ug/min) were given by continuous cen- 
tral I.V. infusion into the thoracic inferior vena cava, 
and hemodynamic measurements were obtained at each 
new steady state to obtain a dose response curve to angio- 
tensin H. 
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In an additional ten pigs, tamponade was induced as 
described and near maximal levels were obtained. Five 
pigs served as controls, while ablation of the renin-angio- 
tensin axis was accomplished by bilateral nephrectomy 
in the other five animals. In all ten animals, the shock 
state was maintained for 4 hours, while CO (which was 
chosen as the independent variable for only these partic- 
ular experiments) was maintained at 38 + 1% of the base- 
line value. After 4 hours of shock, the tamponade was 
released and the previously hemorrhaged blood reinfused, 
along with supplemental infusions of Ringer’s lactate to 
effect cardiovascular resuscitation. With this support, sys- 
temic hemodynamics were restored partially and main- 
tained near baseline levels. 

Two hours following resuscitation, the abdomen was 
opened and the lumen of the colon perfused in situ with 
10% formalin. The colon then was removed intact from 
the abdomen, its lumen opened, and the entire specimen 
placed in a container of formalin. After 12-24 hours of 
fixation, the colon was inspected and scored by an inde- 
pendent observer, who was unaware of the experimental 
treatment (nephrectomy or control) of that particular pig. 
The colon was evaluated grossly and samples were taken 
from predetermined anatomic sites (one each from the 
ascending, transverse, and descending colon, respectively) 
and additionally from any areas that contained gross le- 
sions. These specimens were processed into routine he- 
matoxylin and eosin sections and grouped by pig. They 
then were evaluated by a gastrointestinal pathologist, who 
was unaware of the treatment of the particular pig that 
made up each of the ten groups of slides. After reviewing 
all slides from each group, a single representative slide 
was chosen from each, and these were ranked from | to 
10 (10 = most severe) by the depth, extent, and severity 
of necrosis observed. The code then was broken and the 
two groups were compared by a Wilcoxon-Mann-Whitney 
(nonparametric) rank analysis.'? 


Data Analysis 


Values for blood flow (CO and IMAQ) and pressure 
(Pa, CVP, and Pp) were measured directly. Vascular re- 
sistances were calculated as follows: 


Total Peripheral Resistance: TPR = (Pa ~ CVP)/CO; 
Inferior Mesenteric Vascular Resistance: IMAR 
= (Pa ~ CVP)/IMAQ. 
This method of measuring IMAR considers the total re- 
sistance to IMAQ, ie., that due to colonic vascular re- 
sistance per se (CVR) plus that due to hepatic portal vas- 


cular resistance (PVR). Therefore, the value of IMAR 
represents the total resistance to blood flow from the IMA, 
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Fias. 3A and B. Colonic hemodynamic response to pericardial tamponade. A. Blood flow: Increasing levels of Pp were accompanied by corresponding 
decreases in inferior mesenteric artery blood flow. At maximal tamponade, the fall in mesenteric flow was significantly larger than the fall in CO 
(*p < 0.001), demonstrating disproportionate colonic ischemia. B. Vascular resistance: Increasing levels of Pp resulted in corresponding increases in 
inferior mesenteric vascular resistance. These increases reflect active vasoconstriction in the mesenteric vascular bed. The marked rise in inferior 


mesenteric resistance from baseline was significantly greater than the rise in total peripheral resistance (*p < 0.001). 


through the colon and liver, to the IVC. Because CVR 
and PVR are in series, IMAR equals CVR plus PVR. In 
practice, this distinction is unimportant because the con- 
tribution of PVR to IMAR is negligible, as we found in 
previous studies of this type where all of these values were 
measured.” 

The mean values of all hemodynamic parameters (both 
measured and calculated) at each level of tamponade in 
each of the four experimental groups (tamponade alone, 
tamponade + captopril, tamponade + phenoxybenza- 
mine, and angiotensin II infusion alone) were expressed 
+1 SEM and plotted against either Pp or CO to visualize 
the hemodynamic response over the entire range of car- 
diogenic shock. The values at maximal tamponade (Pp 
= 10 mmHg) in each group (Table 1) were analyzed for 
statistical significance using a paired student’s t-test (two- 
tailed).!° Correlations between plasma renin activity and 
the changes observed in IMAQ and IMAR were deter- 
mined using conventional linear regression analysis, 
modified by the use of “dummy” variables to account for 
variations between individual pigs.?! 


Results 
Tamponade Alone 


Under control conditions, in the absence of neurohu- 
moral blockade, graded increases in Pp produced corre- 
sponding decreases in P4 and CO (Table 1 and Fig. 2). 
At maximal levels of Pp (Pp = 10 mmHg), CO was reduced 
to 44 + 5% of its baseline value. These falls in CO were 
accompanied by corresponding falls in P4 to 60 +: 5% of 
baseline at maximal tamponade. Total peripheral resist- 
ance rose to 149 + 12% of baseline. Therefore, these an- 
imals were in profound cardiogenic shock. 

The response of the inferior mesenteric vascular bed 
to this shock is shown in Figure 3. Inferior mesenteric 
artery blood flow fell to a level of 17 + 3% of its baseline 
value (Fig. 3A). This profound decrease in mesenteric 
blood flow was significantly greater than the corresponding 
decrease in CO (p < 0.001) and, therefore, represents dis- 
proportionate colonic ischemia, mimicking ischemic co- 
litis. This fall in inferior mesenteric artery blood flow was, 
therefore, not entirely a passive response to the fall in P,, 


wan 


94 


120 


100 








TAMPONADE 
+ 
CAPTOPRIL 





TAMPONADE 


TAMPONADE 
+ ALONE 


PHENOX YBENZAMI NE 


100 90 80 70 60 50 40 30 20 
CARDIAC OUTPUT (% BASELINE) 


> INFERIOR MESENTERIC ARTERY BLOOD FLOW (% BASELINE) 


BAILEY AND OTHERS 


Ann, Surg. + June 1986 












y 

5 500 

uj 

u) 

< 

m 

x + 

= TAMPONADE 

W 400 ALONE 

O 

z 

< 

e 

N 

a TAMPONADE 

u + 

Œ 300 PHENOXYBENZAMINE 

> 

Œ 

ies) 

H} 

a 

< 

CI 

g 200] 

uJ 

he 

z 

lid 

7p) 

tw TAMPONADE 
= + 
x 100 CAPTOPRIL 
(2) * 
td 

g 100 90 80 70 60 50 40 30 20 


CARDIAC OUTPUT (% BASELINE) 


Fics. 4A and B. Effect of pharmacologic blockade on colonic hemodynamics. 4. Blood flow: The profound fall in inferior mesenteric artery blood 
flow seen under control conditions of tamponade alone (tp < 0.001 vs. baseline) was significantly ameliorated by blockade of the renin-angiotensin 
axis with captopril (*p < 0.001 vs. tamponade alone), but not by alpha adrenergic blockade with phenoxybenzamine (tp < 0.001 vs. baseline). The 
response to tamponade after captopril was significantly less than the response after phenoxybenzamine (*p < 0.01). B. Vascular resistance: The 
increase in inferior mesenteric resistance seen under control conditions of tamponade alone (tp < 0.001 vs. baseline) was ablated completely by 
blockade of the renin-angiotensin axis (*p < 0.001 vs. tamponade alone), but not by alpha adrenergic blockade with phenoxybenzamine (tp < 0.001 
vs. baseline). The response to tamponade after captopril was significantly less than the response after phenoxybenzamine (*p < 0.001). 


but largely due to mesenteric vasoconstriction. This active 
response is indicated by a rise in IMAR to 428 + 51% of 
its baseline value (Fig. 3B). This increase was significantly 
greater than the corresponding rise to 149 + 12% observed 
in total peripheral resistance (p < 0.001), again reflecting 
the selective splanchnic vasospasm characteristic of non- 
occlusive ischemic colitis. 


Renin-Angiotensin Axis 

Under control conditions, without neurohumoral 
blockade, levels of plasma renin activity (PRA) correlated 
closely with the fall in inferior mesenteric blood flow 
(IMAQ = ~—2.0 PRA + 82, r = 0.79, p < 0.001), and the 
rise in IMAR (IMAR = 8.5 PRA + 88, r = 0.74, p 
< 0.001), respectively. 

When the renin-angiotensin axis was ablated with cap- 
topril, inferior mesenteric artery blood flow fell only to 
52 + 8% of baseline, a decrease that was significantly less 
than the decrease in blood flow observed under control 
conditions (p < 0.001) (Fig. 4A). This was due to complete 
ablation of the active vasospastic response of the inferior 


mesenteric vascular bed that had been observed in the 
control group. With captopril, mesenteric vascular resist- 


ance did not rise in response to tamponade, but actually ..- 


fell to 85 + 15% of its baseline value (Fig. 4B). This change 
was significantly different, and in the opposite direction 
from, the response of the mesenteric resistance vessels 
under control conditions (p < 0.001). The substantially 
smaller fall in inferior mesenteric artery blood flow with 
captopril was, therefore, only a passive reflection of the 
decrease in arterial perfusion pressure (P4) (i.e., the entire 
active component of splanchnic vasoconstriction had been 
abolished). 

Graded I.V. infusions of angiotensin II, without tam- 
ponade, mimicked the hemodynamic response seen in 
the pigs subjected to tamponade alone (Fig. 5). The dis- 
proportionate colonic ischemia and vasoconstriction seen 
in response to cardiogenic shock were thereby reproduced 
in the absence of shock itself. Moreover, the response of 
the mesenteric resistance vessels to angiotensin infusion 
was significantly greater than the response of the systemic 
vasculature as a whole. Inferior mesenteric artery blood 
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Fics. 5A and B. Dose response curves to angictensin H. A. Blood flow: In the absence of tamponade, increasing systemic doses of angiotensin H, 
infused into the inferior vena cava, resulted in decreases in inferior mesenteric artery blood flow (p < 0.001 vs. baseline). This fall in blood flow was 
significantly different than the (expected) rise observed in CO (*p < 0,002). B. Vascular resistance: Increasing doses of angiotensin H, in the absence 
of tamponade, led to marked increases in inferior mesenteric vascular resistance (tp < 0.0C1 vs. baseline). The rise in mesenteric resistance was 
significantly greater than the negligible increases observed in total peripheral resistance (*p < 0.001). 


flow fell to 58 + 5% of baseline, despite a rise in CO to 
142 + 17% (p < 0.001) (Fig. 5A). While IMAR rose to 
# 241 + 24% of baseline, there was no apparent change (100 
+ 11% of baseline) in total peripheral resistance (p 
< 0.001) (Fig. 5B). 


Sympathetic Nervous System 


The response of the mesenteric vascular bed while un- 
der confirmed alpha adrenergic blockade of the sympa- 
thetic nervous system demonstrated no significant differ- 
ence from the response to cardiogenic shock observed un- 
der control conditions (Fig. 4). In this group of pigs, IMAQ 
fell to 19 + 2% of the baseline value (p < 0.001), while 
IMAR rose to 320 + 23% of baseline (p < 0.001) (Fig. 
4A). This was virtually indistinguishable from the decrease 
to 17 + 3% in mesenteric flow and the rise to 428 + 51% 
of mesenteric vascular resistance observed in the absence 
of sympathetic blockade (Fig. 4B). The response of the 
inferior mesenteric vascular bed to cardiogenic shock 
while under alpha adrenergic blockace was virtually the 
same as under control conditions. 


Tissue Injury Following Prolonged Tamponade 


Colon specimens from the five pigs subjected to 4 hours 
of tamponade followed by 2 hours of resuscitation con- 
sistently demonstrated widespread areas of focal injury, 
ranging from superficial mucosal erosion (Fig. 6) to full- 
thickness mucosal necrosis with marked inflammation 
(Fig. 7). These lesions were similar to, and indeed quite 
characteristic of, those seen in clinical specimens from 
patients with ischemic colitis. Wher: all ten pigs were 

` “blindly” ranked from | to 10 (from least to most severe), 
the specimens from the five pigs subjected to prolonged 
tamponade alone were ranked 6, 7, 8, 9, and 10, respec- 


tively. On the other hand, the specimens from the five 
pigs that had undergone bilateral nephrectomy prior to 
tamponade showed little or no injury (Fig. 8) and were 
ranked 1, 2, 3, 4, and 5, respectively. Although some of 
these specimens showed very superficial mucosal erosion, 
the differences in the rank analysis of the two groups was 
highly significant (p < 0.01). All specimens showed sub- 
mucosal vascular congestion, and some showed mucosal 
hemorrhage. 


Discussion 


We employed pericardial tamponade as a model of car- 
diogenic shock in order to investigate the pathogenesis of 





Fic. 6. Mild ischemic colitis (prolonged tamponade alone). After 4 hours 
of tamponade and 2 hours of reperfusion, this specimen demonstrates 
superficial mucosal necrosis, mild infiltration with acute inflammatory 
cells, and mucosal and submucosal vascular congestion. 
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Fic. 7. Severe ischemic colitis (prolonged tamponade alone). This spec- 
imen reveals extensive necrosis of the mucosa and acute inflammation 
of the mucosa and submucosa. Marked vascular congestion and hem- 
orrhage are evident. The changes seen in Figures 6 and 7 are quite char- 
acteristic of the widespread but patchy lesions seen in patients with isch- 
emic colitis. The resemblance of these experimental lesions to clinical 
specimens is quite striking. 


ischemic colitis. Reductions in mesenteric perfusion, CO, 
and P, were produced without the use of hemorrhagic 
shock,?2"?4 mechanical occlusion of the colonic blood 
supply,” or the use of exogenous vasoactive drugs.” 
Therefore, hemodynamic changes that occurred in the 
colonic vascular bed were a reflection of the body’s en- 
dogenous response to shock. As such, these changes might 
be expected to resemble those that occur in clinical shock 
states. By recording hemodynamic parameters at each 
steady-state level of tamponade, we have been able to 
construct what is, in effect, a dose-response curve to pro- 
gressive levels of cardiogenic shock. Because an entire run 
of pericardial tamponade usually could be completed 
within 30 minutes, compensatory fluid shifts were mini- 
mized, and the release of tamponade resulted in a return 
of systemic and splanchnic hemodynamic parameters to 
baseline levels. Therefore, the shock state was rapidly re- 
versible and allowed for the repetition of a tamponade 
run in the same pig after neurohumoral ablation. 

All animal models of shock, including the one in this 
study, are artificial constructs designed in response to ex- 
perimental needs, and are thus limited somewhat by cer- 
tain theoretical considerations. This model optimizes the 
advantages of tamponade to produce levels of shock that 
are easily controlled, quantitated, reproduced, and re- 
versed. While this model probably does simulate the 
pathophysiology of clinical pericardial tamponade, it is 
somewhat less similar to forms of cardiogenic shock pro- 
duced by primary myocardial failure, and to hypovolemic 
shock. In these conditions, for example, both Pp and cen- 
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tral nervous pressure would be low, while both are high 
in the tamponade model. Therefore, it is probably less 
appropriate to use this model to investigate the precise 
components of the afferent loop of the splanchnic response 
to shock. This limitation has been recognized from the 
outset of this series of experiments, which was designed 
to study the efferent component of this phenomenon, as 
has been discussed elsewhere.'* It should be noted, how- 
ever, that the response of the splanchnic vasculature to 
tamponade in this and other studies in the pig”??? and 
dog'®*! are remarkably similar to those reported in re- 
sponse to hemorrhage in the cat.** In those studies, the 
sympathetic nervous system also appeared to play only a 
minor role, while the renin-angiotensin axis emerged as 
a primary mediator of splanchnic vasoconstriction. In 
those studies, however, a major role for vasopressin also 
was seen,7237:3 

In response to this form of cardiogenic shock, we have 
seen a disproportionate fall in IMAQ, compared to the 





Fic. 8. Colonic mucosa (nephrectomy + prolonged tamponade). This 
section is taken from the most severely damaged specimen of the group 
subjected to prolonged tamponade following bilateral nephrectomy. There 
is evidence of mild mucosal vascular congestion and early crypt abscess 
formation, but the mucosa is largely intact. All of the specimens from- 
this group showed substantial protection from the development of the 
lesions of ischemic colitis, provided by the prior ablation of the renin- 
angiotensin axis (nephrectomy). 


a. 
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decrease observed in CO. This ischemia was due, in part, 
to a reduction in arterial perfusion pressure. This com- 
ponent, therefore, represents a passive response of IMAQ 
to decreased P,. For example, if the response of the 
splanchnic circulation to a fall in perfusion pressure was 
entirely a passive one, a fall in P, by 50% would lead to 
a 50% fall in mesenteric blood flow. However, we found 


‘that a 56 + 5% decrease in CO led to an 83 + 3% fall in 


IMAQ. The additional drop in mesenteric flow was due 
to a marked rise in IMAR, an increase that was several 
times greater than that seen in the systemic circulation as 
a whole (TPR). This would indicate that the splanchnic 
hemodynamic response to cardiogenic shock in this model 
is characterized by a profound and disproportionate active 
vasoconstriction in the left colon. As such, this model 
simulates the selective nonocclusive component of isch- 
emic ‘colitis. l 

We?930 and others?™!-33 have previously demon- 
strated that the response of various splanchnic vascular 
beds to shock is characterized by disproportionate vaso- 
spasm. Here we have found that this same vasospastic 
response exists in tbe inferior mesenteric vascular bed and 
that it could be mimickėd, without the induction of shock, 
by the infusion of angiotensin II. The intensity of the 
response, of the colonic circulation to angiotensin was 
several times greater than the response of the systemic 
circulation (TPR). The disproportionate splanchnic va- 
sospastic response to cardiogenic shock was completely 
abolished by blockade of the renin-angiotensin axis. 
Moreover, levels of plasma renin activity correlated sig- 
nificantly with both the fall in IMAQ and the rise in 
IMAR. These findings, combined with those of previous 
studies,?™??-33 suggest that the renin-angiotensin axis is 
the primary mediator of the splanchnic vasoconstriction 
in response to shock. , 

Consideration of the dose-response curves from the in- 
fusion of angiotensin II alone would indicate that this 
response of the splanchnic circulation is due primarily to 
a hypersensitivity of the mesenteric resistance vessels to 
angiotensin II. Although others have demonstrated a high 
rate of conversion of angiotensin I to angiotensin JI in 
the splanchnic circulation of the cat** and dog,” this 
would not explain the hyper-responsiveness of the 
splanchnic bed to the direct exogenous infusion of angio- 
tensin IJ. On the other hand, this phenomenon could be 
explained by the extraordinarily high concentrations of 
angiotensin II receptors that have been demonstrated in 
the mesenteric vasculature of the rat.” 

The sympathetic nervous system in this model does 
not appear to play a critical role in the mediation of 
splanchnic vasoconstriction during cardiogenic shock. 
Alpha adrenergic blockade failed to abolish the selective 
splanchnic vasospasm seen under control tamponade 
conditions. This does not mean, however, that the sym- 
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pathetic nervous system has no effect on mesenteric blood 
flow or vascular resistance. It is well known that the sym- 
pathetic nervous system exerts a baseline vasoconstrictive 
effect on mesenteric vascular tone.*” For example, com- 
plete denervation of the dog colon leads to significant va- 
sodilation in its vascular bed.'® In that study by Bulkley 
et al., however, although baseline values of flow were 
changed by perivascular denervation, the disproportionate 
splanchnic vasoconstrictive response to tamponade re- 
mained intact. 

The colon, therefore, appears to respond in a way and 
by a mechanism that is similar to the small intestine,>”? 
stomach,” and liver.”° In this way, it appears that the 
splanchnic vasculature responds in concert to the shock 
state, largely as a result of its disproportionate sensitivity 
to the renin-angiotensin axis. This phenomenon might 
account for much of the well-recognized redistribution of 
blood flow seen during shock states, which, when manifest 
to a mild-to-moderate degree, appear to be of natural se- 
lective benefit to the organism. This was recognized by 
Cannon in his description of the “fight or flight” phe- 
nomenon.” Ironically, contrary to Cannon’s conception, 


‘the sympathetic nervous system seems to play a rather 


minor role in this particular aspect of the response. In 
this context, then, ischemic colitis can be thought of as 
an extreme of this response, which counterproductively 
results in pathologic tissue changes. Like nonocclusive 
ischemia of the sinall intestine, poststress hemorrhagic 
erosions of the stomach, and ischemic hepatic insuffi- 
ciency, ischemic colitis is largely a pathologic manifes- 
tation of an extreme splanchnic vasospasm that is part of 
the homeostatic response to shock. i 
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and Dr. Sawyers. My main comments will be to compliment the authors 
on this excellent study. They have developed a controlled method of 
producing decreased cardiac output that is quantitative. They quantified 
the splanchnic hemodynamics and correlated the changes with anatom- 
ical-structural changes i in the colon. I think that this i is an excellent and 
well-conducted study. 

‘I would be interested to know if they have made some additicnal 
observations. Obviously, this experiment was designed to look at the 
distribution of the inferior mesenteric artery. | would be curious to know 
whether they made concomitant observations on the right colon’ and the 
small intestine simply ta inquire whether there is any particular difference 
in sensitivity: in these various tissues to damage by decreased carciac 
output. 

L-would also be curious to know where you are planning to go row 
with your studiés. I think a lot of interesting work can be done, and I 
am curious to know whether you are going to apply this informat.on 
clinically i in me near future. : 


Dr. RAYMOND Aik (Nashville; Tennessee): The gentlemen who 
presented this study, Dr. Smith and his group, have a novel approsch 
to this imiportant clinical problem. ` 

‘In the discussion of the paper, I did not hear a specific comment with 
regards to the vascular smooth muscular sensitivity in the pigas ie an 
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pares to other animals. As you are well aware, the sensitivity of the 
gastrointestinal vascular smooth muscles to vasoconstrictors is variable 
in many species. - 

The splanchnic circulation of rats and dogs is exquisitely sensitive, to 
the circulating vasoconstrictors, How do the pig splanchnic circulation 
responses compare with the subhuman primates and primates in this 
regard? 

Thad questions about the results and the methods, Dr. Smith. I am 
surprised at the specific increase in the inferior mesenteric artery resistance 
with the angiotensin (AT) H infusion when there was a rise in the cardiac 
output. Perhaps I did not understand the specie aspects of that obser- 
vation. How does one explain that? 

Did you ‘infuse the AT II intravenously as ated or did you infuse it 
directly into the splanchnic circulation? The paper said intravenously, 
but I was curious how only the inferior mesenteric artery could be con- 
stricted related to the infusion. 

The third question is: Why were 4 hours selected as an end point for 
your particular studies? 

[ enjoyed the presentation very much. Thank you for the privilege of 
giscissing the paper. 


Dr. DONALD S. GANN (Providence, Rhode Island): I enjoyed this 
paper very much and certainly would like to.compliment the authors~ 
on the conduct of an extensive and difficult investigation. I also appreciate 
very ‘much the opportunity to have réad this manuscript. 

I would, however, like to raise a few cautionary notes. | believe the 
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authors have clearly defined the role of angiotensin I] as a factor that 
can produce the colonic lesion. | am not so clear that they have established 
it as the sole factor. 

MacNeil and his colleagues in Canada first showed that splanchnic 
vasoconstriction after hemorrhage was the result of increased angiotensin 
and vasopressin, not of catecholamines as had previously been thought. 

The outcome of their demonstration of the effectiveness of vasopressin 
is known to us all since we use it clinically as an initial means of controlling 
some upper GI bleeds. The two substances were equally potent, however, 
in their studies; | wonder about the possible role of vasopressin in the 
current studies. There obviously are analogous experiments that could 
be conducted to rule that in or out. 

I am also concerned about the use in these studies of the complex 
substance captopril, the converting enzyme inhibitor. Captopril not only 
blocks the conversion of angiotensin I to angiotensin H, but blocks the 
degradation of bradykinin, which is a potent vasodilator, especially in 
the splanchnic circulation. 

In some studies recently, perhaps not entirely unrelated, we have ob- 
served that the severe and sustained hypertension that occurs after dis- 
section of the thoracic aorta for traumatic rupture can be alleviated by 
the use of captopril but not by saralasin, a competitive inhibitor of an- 
giotensin II. One of a small number of patients whom we have been able 
to study thus far has, in fact, shown elevated bradykinin levels accom- 
panying administration of captopril. 

I would ask the authors several questions. One, have you used a com- 
petitive inhibitor as verification of the role of angiotensin? Two, have 
you assessed the possible role of arginine vasopressin in this phenomenon? 
Finally, since angiotensin II was first shown to have its major effect on 

_ the superior mesenteric artery blood flow, what are the effects on flow 
and lesions in the small bowel? 


Dr. GREGORY B. BULKLEY (Closing discussion): I want to thank the 
discussants for their comments and will try to deal with them in order. 

Dr. Jones asked whether we limited our studies to the left colon. Al- 
though in this study we did so, we have previously reported similarly 
disproportionate reductions in the blood flow to the small intestine, 
stomach, and liver in this same model of cardiogenic shock. These com- 
ponents of selective splanchnic yasospasm are also blocked by ablation 
of the renin-angiotensin axis with captopril, saralasin, or nephrectomy, 
unaffected by a or 8 adrenergic ablation, in close correlation with plasma 
renin levels, and mimicked, in the absence of shock, by the central in- 
fusion of angiotensin II. Indeed, we believe that nonocclusive ischemic 
injury of the small bowel, stress erosions of the gastric mucosa, postshock 
hepatic insufficiency, ischemic pancreatitis, and perhaps even some forms 
of acalculous cholecystitis may all be manifestations of the same phe- 
nomenon, expressed in different target organs. This selective splanchnic 
ischemia represents an exaggeration of the redistribution of blood flow 
during shock that was originally described by Walter B. Cannon as part 
of the “fight or flight response.”* *Ironically, as you can see from the 
data presented, it does not appear that the sympathetic nervous system 
is primarily involved in this aspect of the response. In these particular 
experiments, Dr. Jones, we did see similar lesions in the stomach and 
small intestine. 

With regard to the question of clinical application, we have to be 
somewhat cautious. Dr. O’Leary asked me facetiously whether I would 
advocate prophylactic bilateral nephrectomy for patients in shock, and 
I reassured him that | would not. In these experiments, we did not re- 
suscitate the pigs during the shock period but intentionally allowed the 
blood pressure to fall. In reality, a patient would be resuscitated, if possible. 
Therefore, on the one hand, these experiments do not perfectly mimic 
some clinical situations. On the other hand, it is not inconceivable to 
consider pharmacologic blockade of the renin-angiotensin axis in an 
intensive care setting, with appropriate hemodynamic monitoring to allow 
adequate support of intravascular volume in the face of vasodilation. 
Such an approach might serve to maintain adequate, systemic perfusion 
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while protecting the gastrointestinal tract from ischemic injury. Note 
that the sympathetic nervous system could be left intact. 

Dr. Fletcher, | am delighted that you raised the question of species 
selection because this is a very important issue. We chose the pig precisely 
because it provides such a good mimic of the splanchnic vasculature in 
man. By way of contrast, the dog is a poor model for this. For example, 
a dog subjected to hypovolemic or cardiogenic shock soon becomes septic. 
This is quite different from the situation in man, as Jacob Fine discovered 
to his sorrow after many years of studying that phenomenon of “irre- 
versible shock” in dogs. 

There is further evidence that the phenomenon we have described is 
not unique to our particular model of shock. The studies by McNeill 
and his coworkers, cited by Dr. Gann,” were conducted in cats sub- 
jected to hemorrhage. We have also seen a similar response in the colon 
of a dog subjected to tamponade'® and in the small intestine of the rabbit 
(unpublished studies). Clearly, angiotensin-mediated disproportionate 
splanchnic vasoconstriction is not unique to the pig. Because of the ex- 
pense, we have not conducted experiments in primates. However, the 
pig was chosen in the first place because we felt it provided an excellent 
model of human splanchnic hemodynamics. 

Dr. Fletcher, your second question was in reference to the site of 
angiotensin infusion. We did not have time to show this slide, but of 
course the angiotensin was given centrally (into the inferior vena cava). 
Obviously, it would be meaningless to talk about a selective effect if we 
had infused the angiotensin directly into the mesenteric vascular bed. 
What is remarkable is that angiotensin II, one of the most potent va- 
soconstrictors known, exerts virtually its entire effect on systemic he- 
modynamics (blood pressure and total peripheral resistance) through its 
action in the gut, at least in this model of shock. That is, if you subtract 
its effects on vascular resistance in the entire splanchnic bed, angiotensin 
I seems to have no net vasoconstrictive effect on the nonsplanchnic 
vasculature, when infused centrally at doses covering the physiologic 
and pathophysiologic range. We are suggesting that the splanchnic vas- 
cular bed appears to be the primary mediator of systemic afterload and 
thus of blood pressure during cardiogenic and perhaps even hemorrhagic 
shock. This mediation is primarily through the renin-angiotensin system, 
because of hypersensitivity of the splanchnic vascular resistance vessels 
to angiotensin H. That concept is supported by studies that have shown 
very high levels of angiotensin H receptors in the splanchnic arteries.” 

Dr. Fletcher, you also asked why we chose a 4-hour period of shock. 
It is difficult to keep these animals alive without resuscitation. Therefore, 
the period of shock was chosen empirically, long enough to produce 
ischemic injury, without killing the pigs. This is an important issue, 
however, when one considers the application of our findings to the clinical 
situation. ' 

Dr. Gann brought up two important points. The first is McNeill’s 
studies.’ McNeill’s group actually found that while ablation of either 
the renin-angiotensin axis alone or of vasopressin alone did not block 
the selective splanchnic vasoconstriction seen in cats subjected to hem- 
orrhage, the combined ablation of these two axes together did abolish 
it. This led them to propose that these two mechanisms acted in a re- 
ciprocal manner, so that one could function in the absence of the other. 
We have yet to look at the role of endogenous vasopressin in our own 
system. However, because we can completely ablate the response with 
angiotensin blockade, and sincè we can mimic it with the infusion of 
angiotensin II, it does not appear likely that vasopressin plays as important 
a role in our model as that which was described by MacNeil. 

Dr. Gann, you also asked about other possible effects of captopril. (By 
the way, in addition to the extra properties of captopril that you have 
described, we are concerned that captopril may also be able to act as a 
free radical scavenger owing to its content of sulfydryl groups. That is 
why we did not use captopril as our blocking agent in the experiments 
producing pathologic colon lesions.) Fortunately, we have reproduced 
the selective splanchnic vasospasm in the small intestine,” stomach,” 
and liver,” and these effects are blocked not only by captopril, but also 
by bilateral nephrectomy and saralasin. This, combined with the evidence 
from concurrent plasma renin levels and from the angiotensin II infusion 
studies, allows our conclusions regarding the primary role of the renin- 
angiotensin axis to rest on more than the data obtained with captopril. 

i want to thank the Southern Surgical Association, the President, and 
the Secretary for the privilege.of 
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Recent studies suggest that morbidity and mortality in patients 
with pancreatic abscess can be lessened if controlled open lesser 
sac drainage (COLD) is performed rather than traditional closed 
drainage (CD). To determine whether the outcome of patients 
treated by COLD was more favorable, 81 consecutive patients 
with pancreatic abscess managed surgically between 1966 and 
1985 were studied. COLD, consisting of initial wide debridement 
of the abscess cavity, open packing, suction drainage, repeated 
operative pack changes, and lavage was used in 17 patients and 
CD in 64 patients. Age, sex, etiology of pancreatitis, and radio- 
graphic and laboratory findings were similar between treatment 
groups. However, the number of patients with overt systemic 
sepsis and those at increased risk of death based on Ranson 
signs associated with the predisposing episode of pancreatitis 
were greater in the COLD group than in the CD group (100% 
vs. 61%, and 92% vs. 44%, respectively; p < 0.05 for both). 
Overall mortality in COLD and CD patients was 18% and 44%, 
respectively (p < 0.05). However, in patients at increased risk 
of death (positive Ranson signs = 3), mortality after COLD and 
CD was 18% and 70%, respectively (p < 0.05). Controlled open 
drainage may be the treatment of choice in patients with pan- 
creatic abscess precipitated by severe pancreatitis (Ranson signs 
= 3) and associated with overt systemic sepsis. 


ANCREATIC ABSCESS is a devastating and highly le- 
thal complication of acute pancreatitis.! Suppu- 
ration and abscess formation can occur when de- 

vitalized products produced by severe pancreatic inflam- 
mation become contaminated.2* Such abscesses are 
not uncommon, occurring in 2-6% of all patients hos- 
pitalized with acute pancreatitis.” Twenty-five per cent 
of patients with hypovolemic shock complicating an ep- 
isode of acute pancreatitis’ and 40 to 50% of patients un- 
dergoing early operation for diagnosis, debridement, or 
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biliary tract drainage during an episode of hemorrhagic 
pancreatitis will develop a pancreatic abscess.°° 

The reported mortality in patients with pancreatic ab- 
scess generally ranges between 30 and 50%.” These rates 
have not changed significantly over the past 30 years.* 
Several authors, however, have reported recently that 
mortality may be lessened by more aggressive surgical 
management; that is, open drainage and repeated de- 
bridement of the abscess cavity.” 

We have previously reported on 66 patients with pan- 
creatic abscess, confirming the lethality of the problem 
and identifying several factors predictive of mortality.' 
We found no apparent advantage, however, to open 
drainage, but the number of patients so managed was 
small. Encouraged by continuing reports of decreased 
mortality with open drainage.’ and by the clinical suspi- 
cion that patients so treated did well, this approach was 
pursued and the resulting consecutive series was re-eval- 
uated. We wished to determine whether controlled open 
drainage of the lesser sac (COLD) improved survival in 
patients with pancreatic abscess compared to the more 
traditional method of closed drainage (CD). 


Materials and Methods 


We reviewed the records of 81 consecutive patients with 
pancreatic abscess who were treated at the Mayo Clinic- 
affiliated hospitals between 1966 and 1985. Pancreatic 
abscess was defined as a suppurative peripancreatic col- 
lection, with or without pancreatic or peripancreatic tissue 
necrosis. Each pancreatic abscess was preceded by an ep- 
isode of pancreatitis. Patients with peripancreatic abscess 
complicating upper abdominal surgery or secondary to 
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trauma without a precipitating episode of acute pancre- 
atitis were excluded. 

Patient demographics, clinical features, type and etiol- 
ogy of the predisposing episode of pancreatitis, laboratory 
findings, operative management, and hospital mortality 
and morbidity were recorded for all patients. Follow-up 
was continued until death or clinical resolution of the 
pancreatic abscess. The revised Marseille classification was 
used to categorize the type of pancreatitis.!° The severity 
of the predisposing episode of pancreatitis was determined 
from available clinical and biochemical data based on the 
criteria of Ranson et al.'! Patients then were stratified 
into two groups at risk of death (low risk: less than three 
signs, and high risk: three or more signs).? Sepsis was de- 
fined as the presence of a culture-positive bacteremia or, 
alternatively, as the presence of a fever (>38.3 C), tachy- 
cardia, or tachypnea, with or without hypotension (systolic 
blood pressure < 90 mmHg), during parenteral antibiotic 
therapy. 

The 81 patients were divided into two treatment groups 
based on the operative management of the pancreatic ab- 
scess. Group 1 was composed of 64 patients treated by 
~ CD, and Group 2 was composed of 17 patients treated 
by COLD. Closed drainage consisted of celiotomy, op- 
erative drainage and irrigation of the peripancreatic col- 
lection, debridement of the pancreas and peripancreatic 
tissue, and abdominal closure with active suction or pas- 
sive Penrose drains positioned in the abscess cavity. Con- 
trolled open lesser sac drainage consisted of the same in- 
traoperative management as Group 1, but with the ad- 
dition of gauze packing of the lesser peritoneal sac and 
adjacent abscess cavities. The abdominal incision was not 
closed. Moreover, in Group 2, packs were changed and 
the abscess cavity repeatedly debrided at 24- to 48-hour 
intervals under general anesthesia until the suppurative 
process was controlled. Additional procedures, including 
biliary drainage, cholecystectomy, tube gastrostomy, or 
jejunostomy, were performed in both groups at the dis- 
cretion of the operating surgeon. The use of cardiopul- 
monary support and broad spectrum parenteral antibiotic 
therapy was similar in both groups. 

The x? or Fisher’s exact test, depending on sample size, 
was used to test for differences in patient demographics, 
clinical and laboratory findings, type, etiology, and se- 
verity of the predisposing episodes of pancreatitis, mor- 
tality, and complications between treatment groups. Dif- 
ferences were considered significant if p values were less 
than 0.05. 


Results 


E Comparability of Treatment Groups 


Demographic, etiologic, and clinical data were similar 
for both treatment groups (Table 1). Moreover, laboratory 
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TABLE |. Pancreatic Abscess: Clinical Comparison 
Controlled 
Closed Open Lesser 
Drainage Sac Drainage 
(%) N = 64 (%) N= 17 

Age (years) $5 53 
Sex (men) 54 66 
Etiology 

Alcohol 17 12 

Gallstones 43 53 

Postoperative 32 23 

Idiopathic 8 12 
Type 

Acute 78 92 

Chronic 22 8 
Severity (Ranson signs) 

(N = 45, CD; 
N = 12, COLD) 

<3 56 8* 

23 44 92* 
Abdominal distention 63 100* 
Clinical sepsis 61 100* 
Bacteremia 11 24 
Pulmonary dysfunction 41 47 


*n< 0.01 


data for each group were also similar. The severity of the 
predisposing episode of pancreatitis, however, was greater 
for patients in the COLD group than in the CD group. 
Nineteen patients in the CD group and five patients in 
the COLD group had insufficient data to objectively de- 
termine the severity of the pancreatitis (p > 0.05). Clinical 
sepsis and abdominal distention, factors we had previously 
associated with death in patients with pancreatic abscess,! 
were more frequent in COLD than in CD patients, The 
frequency of culture-positive abscesses was not different 
between CD and COLD patients (81% vs. 94%, (p > 0.05), 
respectively). Seven patients in the CD group had no cul- 
tures of the abscess contents. 


Mortality 


The overall mortality of our 81 patients was 38%. The 
mortality of patients in the CD group was significantly 
greater than that of patients in the COLD group (44% vs. 
18%, p < 0.05) (Fig. 1). The difference in mortality be- 
tween CD and COLD groups was more striking in patients 
with objectively severe pancreatitis (70% vs. 18%, p < 0.05) 
(Fig. 1). Importantly, there was no difference in mortality 
among the 24 patients with insufficient data to determine 
Ranson signs between CD and COLD groups (32% vs. 
20%, respectively, p > 0.05). The frequency of concom- 
itant, nonpancreatic procedures was similar between the 
CD and COLD groups (70% and 65%, respectively). In 
addition, the frequency of pancreatic resection was similar 
between treatment groups (15% vs. 12%). In contrast, 
pancreatic and peripancreatic debridement was employed 
less frequently in CD than in COLD patients (45% vs. 
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Fic. 1. Distribution of overall and criteria-dependent mortality after 
closed drainage (CD) and controlled open lesser sac drainage (COLD). 


76%, p < 0.02). There was no difference in overall mor- 
tality or mortality between treatment groups in patients 
who underwent additional operative procedures. 

We assessed mortality for three periods [A (1966-1971), 
B (1972-1978), and C (1979-1984)] to determine whether 
mortality was influenced by the date of treatment. This 
would implicate variables other than operative treatment 
that might be responsible for differences in mortality, such 
as sophistication of life support, diagnostic modalities such 
as CT scanning, availability of parenteral nutrition, or the 
influence of available antibiotics. Overall mortality for 
periods A, B, and C was 60%, 34%, and 36%, respectively 
(p > 0.05). Mortality for the CD group for period A (10 
patients), B (38 patients), and C (33 patients) was 67%, 
36%, and 47%, respectively (p > 0.05); mortality for the 


TABLE 2, Pancreatic Abscess: Complications Following 
Drainage of Pancreatic Abscess 








Closed Controlled Open 
Drainage Lesser Sac 
(%) Drainage (%) 

Persistent sepsis 53 47 
Intra-abdominal or 

hemorrhage 31 29 
Pulmonary failure 37 24 
Renal failure 39 24 
Hepatic failure 6 12 
Cardiac failure 39 18 
Pancreatic fistula 17 27 
Enteric fistula 14 31 
Peritonitis 17 12 
Diabetes 37 35 
Perforation 3 12 
Abscess 22 24 
Deep wound infection 17 12 
Superficial wound 

infection 17 12 
Wound dehiscence 2 — 
Hospitalization mean 

(days) 31 58* 





* Total number of days after initial drainage of abscess. 
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COLD group for period A (1 patient), B (2 patients), and 
C (14 patients) was 0, 0, and 21%, respectively (p > 0.05). 
The mean age of patients who died did not differ be- 
tween treatment groups (CD, 59 + 3 years vs. COLD, 59 
+ 2 years; mean + SEM). Overall, however, the patients 
who died were older than those who survived (survived, 
51.6 years vs. died, 59.3 years; mean, p < 0.05). The pre- 
dominant cause of death in both groups was sepsis, which 
occurred in 75% of the COLD patients and in 72% of the 
CD patients who died. Hemorrhage, multisystem organ 
failure, and stroke caused the remaining deaths in the CD 
patients, while one patient in the COLD group died of 
renal and cardiac failure. The ratio of men to women who 
died in the CD group was 1:1, while in the COLD group 
it was 3:1; these ratios, however, did not differ from the 
overall distribution of men and women in each group. 


Morbidity 


Overall, 90% of our 81 patients had major postoperative 
complications. Table 2 details the percentage of patients 
with complications, the incidence of individual compli- 


cations, and the hospital stay following operative drainage. “a 


The distribution and incidence of these common com- 
plications was similar between treatment groups. The most 
frequent and life-threatening complications were persis- 
tent sepsis, hemorrhage, and enteric fistulae. Morbidity 
reflects overall course and not the primary cause of death. 
Although the mean hospital stay in patients after open 
drainage appeared longer than after CD, this difference 
was not significant. 


Discussion 


The results of this study suggest that survival in patients 
with pancreatic abscess was improved by COLD when 
compared to conventional CD techniques. Our findings 
support and extend the observations of others™®™!? who 
advocate that aggressive initial debridement and subse- 
quent open drainage of pancreatic abscesses, with repeated 
debridement, better controls the septic process and thereby 
improves survival. Although the morbidity of the open 
drainage approach was high, the frequency of complica- 
tions did not differ from other techniques of drainage of 
pancreatic abscesses previously reported.'~3:7-93 

The endorsement of open drainage has evolved slowly. 
The initial report by Bolooki et al.'? was tempered by a 
50% mortality, although they felt that this rate compared 
favorably to the mortality of CD, which they had reserved 
for “less advanced conditions.” After a hiatus of 13 years, 
Davidson and Bradley’ employed open drainage in six 
patients with pancreatic abscess and retrospectively com- 
pared this approach to 11 patients who underwent CD. 
Although the risk of death based on objective findings 
associated with the predisposing episode of pancreatitis 


ae 


z5 
mde. 


Vol. 203 « No. 6 


(Ranson criteria)!' was not different between groups, 55% 
of the patients treated by CD died, but no patient died 
after open drainage. Stone et al.® confirmed the benefits 
achieved by open drainage and emphasized an important 
role for concomitant pancreatic resection. They found 
that a combination of open drainage and resection in 22 
patients resulted in a mortality of 9%, while five of 14 
patients (36%) died after open drainage alone. Alterna- 
tively, if resection was performed but the patient managed 
by closed drainage, two of three patients died. Finally, 
Bradley and Fulenwider,’ expanding on the previous study 
by Davidson and Bradley,’ reported a mortality of 14% 
in 21 patients treated by open drainage. These data appear 
to document a lower mortality for open drainage com- 
pared to closed drainage techniques, despite similar risks 
of death based on objective criteria. We believe, as do 
others, that the advantage of the open approach is that it 
adequately assures egress of the products of ongoing local 
sepsis caused by pancreatitis, which continues after initial 
debridement. 

Warshaw and Gongliang continue to favor CD of pan- 


creatic abscess.” They noted a decrease in mortality from. 


38 to 5% between two consecutive 5-year periods in pa- 
tients with pancreatic abscess treated by CD. Several as- 
pects of their technique warrant comment. The intra- 
operative management of the suppurative process was 
comparable to our method and to that of others;”~* that 
is, wide blunt debridement and thorough exploration and 
unroofing of the entire abscess. Moreover, these authors 
emphasized the importance of providing adequate means 
for drainage of the ongoing pancreatic and peripancreatic 
necrosis by distributing numerous rubber drains into the 
abscess and its extensions. Although the abdominal in- 
cision was closed, rapid egress of the products of suppu- 
ration was assured by the multiple large drain sites. Al- 
ternatively, Berne and Donovan’? have achieved this goal 
by synchronous anterior celiotomy and posterior drainage. 
In contrast, in another recent study, 59% of patients died 
after CD performed in the more traditional manner.’ It 
seems, therefore, that all techniques associated with an 
apparent reduced mortality assure continuous removal of 
the products of infection by wide drainage, whether an- 
terior, posterior, or through large abdominal wall drain 
sites. , 

Postoperative morbidity remains a formidable chal- 
lenge regardless of drainage technique. Fully 90% of our 
patients experienced one or more life-threatening com- 
plications after either open or closed drainage of a pan- 
creatic abscess. 

The most lethal and frequent complications after sur- 
gical drainage are hemorrhage and recurrent or unrelent- 
ing local sepsis. Hemorrhage occurring early after oper- 
ation, or intraoperatively, is likely secondary to release of 
the tamponade effect exerted by the abscess cavity on ne- 
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crotic vessels and is best controlled with packing. Hem- 
orrhage occurring later is often due to direct injury caused 
by drains or packs. Warshaw and Gongliang’ reported 
that embolization of such bleeding vessels can be life- 
saving. 

The sequelae of recurrent or undrained abscess are om- 
inous. Historically, after CD, between 30% and 70% of 
patients required reoperation for recurrent abscess!*!6 and 
nearly 70% died.':!5!© The most recent study of patients 
undergoing CD reported a strikingly decreased mortality 
from this complication;? the techniques of initial drainage, 
however, were very aggressive. 

Pancreatic and enteric fistulae continued to be trou- 
blesome complications in our patients. The more aggres- 
sive approach of open drainage, however, did not result 
in a higher frequency of fistulae formation (pancreatic: 
27% COLD vs. 17% CD; enteric: 31% COLD vs. 17% CD; 
p > 0.05 for both). Encouragingly, spontaneous closure 
of pancreatic fistulae has been the rule both in our patients 
and in others.”!* Colocutaneous fistulae were particularly 
frequent, requiring diverting colostomy or ileostomy for 
control. Duodenal fistulae. likewise rarely closed sponta- 
neously and, although such fistulae may require pancrea- 
ticoduodenectomy,” this was not necessary in any of our 
patients. 

Inherent in our retrospective study is the possibility 
that factors other than the method of drainage could have 
influenced survival. We have attempted to account for 
differences in patient population (Table 1). Importantly, 
the only differences found suggested that the COLD pa- 
tients were at increased risk of death. Although our data 
were not complete, fully 92% of COLD patients but only 
44% of CD patients had =3 Ranson signs. Although Ran- 
son criteria assigned retrospectively are not ideal measures 
of the risk of death in patients with pancreatic abscess, 
we found a positive correlation between these criteria and 
death in our previous study of pancreatic abscess.’ The 
findings in that study suggested that mortality would have 
been significantly more likely in our COLD patients, but 
the converse occurred. Perhaps the APS (acute physiologic 
score)!? might have provided a better assessment of our 
patients’ status than the approach we employed. We would 
stress, however, as have Ranson and Spencer,” that some 
measure be employed, even if retrospectively, in order to 
classify patients according to severity of illness. Further- 
more, we found that overall survival was not related to 
the date of treatment, thus making antibiotic therapy, nu- 
trition, availability of CT scanning, and cardiopulmonary 
support unlikely factors that might have accounted for 
differences in survival. To critically assess the efficacy of 
open drainage, a prospective, randomized study of open 
versus closed drainage in patients with pancreatic abscess 
would be required. The low incidence of pancreatic ab- 
scess and its wide spectrum of clinical severity, however, 
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would require a multi-institutional approach and a long 
study period. 

The improved survival of patients with pancreatic ab- 
scess reported by several authors?>7->! is likely attrib- 
utable to wide aggressive debridement of the lesser sac 
abscess cavity and its extensions and to continuous de- 
bridement and drainage. Recognizing that such an ap- 
proach may precipitate several life-threatening compli- 
cations, as stated earlier, modifications of the open drain- 
age technique might minimize injury to surrounding 
structures. 

After debridement, omentum could be placed into the 
lesser sac by draping it over the transverse colon. Inter- 
position of the omentum between the retroperitoneal 
pancreatic vessels and the colon might reduce the inci- 
dence of hemorrhage and fistula formation. Trauma to 
adjacent viscera (duodenum, stomach, and colon) might 
be decreased if Silastic® sheeting or nonadherent gauge 
was interposed between the gauze pack and viscera. Stone 
et al.® have advocated a technique popularized by Leguit,”! 
in which a zipper is sutured to the edges of the wound; 
in this way, the abdomen may be re-explored and packs 
and drains changed every 24-48 hours without exposing 
the stomach and colon to packs, which, if they rapidly 
dry, may debride the viscera, as well as the abscess cavity. 
Moreover, the wound edges do not gape and the potential 
problem of incisional hernia would be eliminated. 

Finally, during re-exploration, packs and drains should 
be gently and carefully replaced without excess pressure 
to prevent erosion of vessels or bowel. Moreover, intra- 
operative use of the SurgiLav (Model 201, Stryker Corp., 
Kalamazoo, MI) may improve debridement. Packs are 
changed under anesthesia four to six times before the sup- 
purative process is controlled. The edges of the incision 
can be approximated partially after the final pack change 
to reduce abdominal wall scarring. 

Although our data suggest that wide debridement and 
controlled open drainage results in improved survival in 
patients with pancreatic abscess and may be especially 
useful in those patients at increased risk of death, such 
an approach is not a panacea; morbidity remains unac- 
ceptably high. It is encouraging, however, that the histor- 
ically high mortality associated with pancreatic abscess 
can be lowered using this aggressive technique. These re- 
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sults, as well as those of others using similar approaches, 
warrant future wider application and careful evaluation 
of COLD in the management of pancreatic abscess. 
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The authors analyzed 27 patients with pancreatic abscess treated 
since 1975 at hospitals affiliated with the University of Louisville 
School of Medicine. Treatment consisted of careful debridement, 
abscess drainage, and multiple antibiotics in all patients. Overall 
mortality was 33%; however, only three of 17 patients treated 
since 1980 have died. Patients who died were more likely to have 


‘Ss bacteremia, a residual abscess, multiple organ system failure, 


and/or polymicrobial growth on culture of the abscess. The 


proper use of soft suction drains in a dependent position reduced - 


the rate of residual abscess to 19% compared to 67% in patients 
not treated in this fashion. The results identify factors that are 
correlates of death in patients with pancreatic abscess and em- 
phasize the importance of prompt diagnosis and proper treatment. 


(CREATIC ABSCESS likely occurs when the in- 
flammation due to pancreatitis progresses to ne- 
crosis of the gland.' Infection then occurs due to 

bacteria that are delivered to these areas of macroscopic 
or microscopic necrosis by hematogenous or lymphatic 
spread. f ; 

While pancreatic abscess occurs asa complication of 
pancreatitis in only 3-5% of cases,” it accounts for the 
vast majority of deaths secondary to pancreatitis. Ranson 
et al.® have previously described 11 signs of severe pan- 


. creatitis and noted that duration of intensive care stay 


and the likelihood of severe complications increased as 
patients exhibited an increasing number of these signs. 
Ranson and Spencer later studied 330 patients with pan- 
creatitis and related the incidence of pancreatic abscess 
to these 11 prognostic signs of severity. Mortality as well 
as the incidence of pancreatic abscess also increased in 
conjunction with the number of prognostic signs. Becker 
et al.® have confirmed this correlation between mortality 
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and the signs of severity of pancreatitis. Additionally, they . 
noted that clinical sepsis, pulmonary dysfunction, and 
positive blood cultures also predicted death in patients. 
with pancreatic abscess. i 

The mortality of pancreatic abscess over the past 10 
years has been reported from 14 to 57%.235-7-!! A prior 
study from our institution? reported a mortality of 38% 
from this disorder and suggested that early operative 
drainage may reduce the likelihood of death. The present 
study reviews a more recent experience with pancreatic 
abscess and examines the relationship between survival 
and a variety of factors known to be associated with death 
in patients with this and other intra-abdominal infections. 
This analysis has identified certain correlates of death in 
patients with pancreatic abscess that, in tum, emphasize 
the importance of proper diagnosis and treatment. 


Materials and Methods 


The charts of all patients with pancreatic abscess who 
were treated at the University of Louisville-affiliated hos- 
pitals for a 10-year period, beginning July 1975, were re- 
viewed. Excluded from subsequent analysis were patients 
with known pancreatic pseudocysts infected secondarily, 
those with abscesses of the lesser sac not due to pancre- 
atitis, patients in whom an abscess was first discovered at 
autopsy, and those who had necrotizing pancreatic infec- 
tions without bacteria noted on gram stain or microbial 
growth on culture of the abscess fluid. 

Twenty-seven evaluable patients with pancreatic ab- 
scess were identified and their records were reviewed for 
demographic information, etiology, symptoms and signs 
of abscess, severity of the underlying pancreatitis, diag- 
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TABLE 1. Cause of Pancreatic Abscess 








Lived Died 
Alcoholism 9 4 
Gallstones 4 1 
Trauma 1 3 
Postoperative 3 1 
Type IV hyperlipidemia 1 — 





TABLE 2. Presence of Prognostic Signs of Pancreatitis in 
27 Patients with Pancreatic Abscess 








Lived Died 
Initial 
White blood cell count > 16000/mm? 12 6 
Blood glucose > 200 mg/dl 13 4 
Lactic dehydrogenase > 350 IU/L 9 6 
Age > 55 years 6 3 
Glutamic oxaloacetic transaminase > 250 units 3 1 
Within 48 Hours of Recognition 
Serum calcium < 8 mg/dl 11 6 
Decrease in blood urea nitrogen > 5 mg/dl 6 3 
Arterial pO, < 60 mmHg on room air 5 3 
Fluid sequestration > 6 L 5 3 
Decrease in hematocrit > 10% 6 1 
Base deficit > 4 2 4 





nostic procedures, the use of antibiotics prior to abscess 
drainage, delay in diagnosis or operation, and prior op- 
eration during the same hospitalization. Also noted were 
the location of the abscess, operation and type of drainage 
used, culture results, and outcome. During this time pe- 
riod, our routine treatment for patients with pancreatitis 
was rehydration with intravenous (I.V.) fluids, nasegastric 
tube decompression, and parenteral narcotics for analgesia 
when necessary. Antibiotics were not administered rou- 
tinely for prophylaxis; however, these drugs were begun 
upon suspicion or confirmation of a pancreatic abscess. 
Patients were classified as to outcome, either alive or 
dead at the completion of hospitalization. Arithmetic 
means were compared by Student’s t-test or analysis of 
variance where appropriate. Discontinuous variables were 
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compared by Wilcoxon’s rank sum test for unpaired sam- 
ples. Patient characteristics were compared by chi square 
analysis or Fisher’s exact test as appropriate. For all com- 
parisons, a p value of <0.05 was accepted as a difference 
that achieved statistical significance. 


Results 


There were 20 men and seven women who had pan- 
creatic abscess. The average patient age was 46 years with 
a median age of 50 years. The symptoms of pancreatic 
abscess included abdominal pain in 24 patients, abdom- 
inal tenderness in 23, fever in 21, nausea and vomiting 
in 16, distension in 13, and a palpable abdominal mass 
in six patients. Pancreatic abscess occurred as a result of 
illnesses outlined in Table 1. 

We classified the severity of pancreatitis in these patients 
according to the criteria proposed by Ranson et al.,® using 
11 variables predictive of mortality and morbidity for this 
disease. The mean pancreatitis severity score was 4.3 
among patients who survived and 4.4 in dying patients. 
The number of prognostic signs ranged from 1 to 7 in 
surviving patients and from 0 to 9 in dying patients. The 
most frequently identified prognostic sign on admission 
was a white blood cell count of > 16,000/cu mm. Among 
the prognostic signs assessed within the initial 48 hours 
of hospitalization, serum calcium < 8 mg/dl was noted 
most commonly (Table 2). A histogram depicting the 
pancreatitis severity score in each group is shown in Figure 
1. Unlike other reports, we could not demonstrate a clear 
relationship between signs of severe pancreatitis and sub- 
sequent patient outcome. 

The average peak serum amylase was 1740 units in the 
survivor group (range of 46—35200 units), and 1490 units 
in the nonsurvivor group (range of 105-4000 units). The 
mean serum albumin value in surviving patients was 2.6 
gm/dl, and only 2.2 gm/dl among those patients who died. 
Ten survivors and eight nonsurvivors had preoperative 
serum albumin values < 2.5 gm/dl. Nine patients were 
hypotensive (systolic blood pressure < 80 mmHg), seven 
had a positive blood culture prior to operation, and 11 
patients received antibiotics on an empiric or therapeutic 
basis prior to the diagnosis of pancreatic abscess. The time 
from hospital admission to abscess drainage averaged 18 
days in those patients who survived their pancreatic ab- 
scess, and only 11 days in those who died. Three patients 
had a delay from diagnosis of the abscess to drainage of 
greater than 24 hours; two of these survived. 

All patients had a chest radiograph, and nearly half of 
these films demonstrated a pleural effusion. Fifteen pa- 
tients had abdominal computed axial tomography, 12 had 
upper abdominal ultrasonography, 11 had plain abdom- 
inal plain roentgenograms, three had a barium enema, 
and one each had an upper gastrointestinal contrast series 
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. TABLE 3. Usefulness of Diagnostic Tests for Pancreatic Abscess TABLE 5. Organisms Recovered on Culture of Pancreatic Abscess 
Number Positive/ Number of . 
Diagnostic Test Number Done (%) Organism Cases Recovered 
Computed tomography 13/15 (87) Enterococci 13 
Plain abdominal roentgenogram 7/11 (64) Escherichia coli 6 
Ultrasonography 7/12 (58) Pseudomonas aeruginosa 6 
Contrast enema 2/3 (67) Klebsiella pneumoniae 4 
Upper gastrointestinal series 1/1 (100) i 4 
Endoscopic retrograde cholangiopancreatography 0/1 Proteus mirabilis 3 
Enterobacter cloacae 3 
Serratia marcescens 3 
R : Staphylococcus aureus 2 
and endoscopic retrograde cholangiopancreatography. Staphylococci, coagulase—negative 2 
Abdominal computed tomography proved to be the most Bacteroides fragilis 
useful diagnostic test and was positive in 87% of patients Goel 3 
in whom it was obtained (Table 3). No growth with positive gram stain 2 


Eight patients had had a prior operation for pancreatitis 
with entry into the lesser peritoneal sac; seven of these 
patients survived. The gastrointestinal or biliary tracts 
were entered at the time of these procedures in three pa- 
tients, two of whom survived. Five patients had had a 
therapeutic peritoneal lavage for pancreatitis prior to 
drainage of a pancreatic abscess; four of these survived. 


‘yy. Patients were explored routinely through a transab- 


dominal midline incision. The abscess cavity was carefully 
evacuated of all purulent and necrotic material and irri- 
gated. Pancreatic abscesses were located anterior to the 
pancreas in 24 patients and extended posterior to the 
pancreas in only three cases. Fifteen abscesses involved 
the body or whole of the pancreas, six involved only the 
head of the gland, and four were present only at the tail 
of the pancreas. Additional intra-abdominal abscesses 
were present in four patients at the time of initial operation 
for pancreatic abscess. 

Additional procedures undertaken at the time of drain- 
age of the pancreatic abscess included placement of in- 
traluminal drains (most frequently gastrostomy and feed- 
ing jejunostomy), cholecystectomy in patients who had 
gallstone pancreatitis with abscess, and splenectomy. Eight 
patients had resection of a major portion of pancreatic 
tissue that was necrotic and removed piecemeal at the 
time of abscess drainage (Table 4). 

Twenty-six of 27 patients had suction drains placed at 
the time of abscess drainage either alone or with passive 
rubber (Penrose) drains. The remaining patient had only 
passive rubber drains used. Drains exited medial to the 
midclavicular line in nine patients, from the flank in 13, 


TABLE 4. Additional Procedures Done When Pancreatic 
Abscess Was Drained 


Lived Died 
Gastrostomy and jejunostomy 6 2 
Cholecystectomy 3 — 
Splenectomy 1 oes 
Removal of necrotic pancreas 5 3 


and posteriorly through a twelfth rib resection in five pa- 
tients. Only three ‘of 18 patients who had suction drains _ 
placed that exited from a dependent site (either the flank _ 
or posteriorly) later developed a residual or recurrent intra- 
abdominal abscess, compared to six of nine patients who 
had abscesses drained by either nondependent or passive 
drains (p < 0.05). 

` All patients grew organisms on culture of the abscess 
or had bacteria identified on gram stain of the abscess 
fluid. Forty-five isolates were recovered on culture from 
the abscess site at the time of drainage. Enterococci were 
the most common organisms recovered on culture of the 
abscess, while Escherichia coli and Pseudomonas aeru- 
ginosa also were recovered frequently (Table 5). Gram- 
negative bacteria were noted in 22 cases, and gram-positive 
bacteria were identified in 15 cases. Yeast and anaerobes 
were recovered on two cultures each. 

Further complications occurred in 25 patients (93%). 
Complications directly related to the underlying pan- 
creatic disease include pancreatic fistula in seven patients, 
residual pancreatic abscess in five, bowel necrosis in four, 
enterocutaneous fistula in three (two of which were colo- 
cutaneous fistulas), progressive pancreatitis in two, and 
bleeding from the operative site in two patients. A com- 
parison of these complications relative to patient outcome 
is listed in Table 6. 

Infectious complications occurred i in 18 patients after 
abscess drainage. An intra-abdominal abscess at a site 


TABLE 6. Complications of Pancreatic Abscess 


Complication Lived Died 
Residual pancreatic abscess 2 2 
Pancreatitis (persistent) — 2 
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TABLE 7. Recent Mortality after Treatment of Pancreatic Abscess 


Mortality (%) 
Bradley? 3/21 (14) 
Crass!! 4/21 (19) 
Warshaw’ 1/19 (5) 
Remine 3/17 (18) 
Present series 3/17 (18) 





other than the pancreatic bed was found in six patients, 
and nine patients had wound infections. Pneumonia and 
urinary tract infections were present in 11 patients. In- 
fectious complications were distributed fairly evenly 
among survivors and those who died, except for pneu- 
monias and wound infections, which were more common 
in nonsurvivors. 

The necessity of reoperation was common, and seven 
of the 18 patients who ultimately lived required reoper- 
ation for management of intra-abdominal infection, bowel 
` necrosis, or bleeding. Eight of nine patients who died also 
had reoperation for these indications (p < 0.01). Two pa- 
tients had subsequent operations for pancreatic pseudo- 
cysts. 

While our overall mortality was 33%, we have had only 
three deaths in 17 patients treated since 1980. This is 
comparable to the mortality rates reported in other series 
that have described their results in recent years (Table 7). 
Three of nine patients who died had a residual pancreatic 
abscess demonstrated at autopsy. A fourth patient had 
residual abscess presumed to be present. Three other 
deaths occurred when persistent pancreatitis without de- 
monstrable infection resulted in colonic necrosis. Two 
patients exsanguinated due to bleeding from the pan- 
creatic bed with infection apparently controlled. Recent 
deaths have been due to bleeding in one patient and to 
proven or suspected persistent pancreatic infection in two 
patients. 

Organ system failure (OSF) occurred in ten of 18 sur- 
viving patients and in all patients who died. The mean 


TABLE 8. Organ System Failure in Patients with Pancreatic Abscess 








Lived Died 
Number of Organ Systems Failed 
0 8 — 
1 7 2 
2 2 l 
3 1 l 
4 or more — 5 
Frequency of Organ System Failure 
Pulmonary 4 8 
Hepatic 3 7 
Renal 3 5 
Cardiac — 6 
Gastrointestinal 2 2 
— l 


Hematopoietic 
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number of organ systems failed was 1.4 in the survivor 
group and 3.2 in the nonsurvivor group (p < 0.01). Mul- 
tiple OSF was present in only three patients who survived, 
while seven patients who did not survive developed this 
syndrome. The frequency and number of organ system 
failures are presented in Table 8. 

Characteristics were compared between survivors and 
nonsurvivors to determine factors that correlated with 
patient outcome. Patients who died were more likely to 
have (1) bacteremia or fungemia than survivors (67% vs. 
6%; p < 0.01), (2) a residual abscess requiring reoperation 
(67% vs. 11%; p < 0.01), (3) multiple OSF (89% vs. 17%; 
p < 0.01), (4) two or more bacteria on culture of the 
abscess (78% vs. 28%; p < 0.01), and (5) lack of computed 
tomographic or ultrasonographic diagnosis (56% vs. 28%; 
p < 0.05). Factors not associated with a fatal outcome 
included patient age, the number of risk factors associated 
with the severity of pancreatitis, entry into the gastroin- 
testinal or biliary tracts at operation, the presence of a 
pancreatic or intestinal fistula, and the interval from ad- 
mission to drainage of the pancreatic abscess. 


Discussion 


Pancreatic abscess develops in patients due to a variety 
of causes. It generally is suspected in patients with early 
signs of severe or necrotizing pancreatitis, in those clinical 
situations in which a febrile course or clinical deterioration 
occurs after initial improvement of pancreatitis, and when 
the course of pancreatitis is prolonged and unremitting 
after usual therapy. These patients often will manifest fe- 
ver, an elevated white blood cell count, persistent abdom- 
inal pain or tenderness, and ileus and may appear toxic. 
The serum amylase has not proved a useful tool to de- 
termine the persistence of pancreatitis or the development 
of pancreatic abscess. Warshaw’ has suggested that per- 
sistent elevation of the serum pancreatic ribonuclease is 
common in patients who will develop pancreatic pseu- 
docyst and/or abscess, although the accuracy of this test 
has not been evaluated. 

We found abdominal computerized axial tomography 
to be the most sensitive test for diagnosis of pancreatic 
abscess. Ranson et al.'? have shown that the finding of 
two or more peripancreatic fluid collections on CT ina 
patient with two or more prognostic signs of pancreatitis 
was highly predictive of the development of an abscess. 
These investigators also noted that the identification of 
gas in the area of the pancreatic bed was diagnostic for 
pancreatic abscess. Crass and colleagues!! have reported 
computed tomographic findings in 21 patients with pan- 
creatic abscess and noted that ill-defined low density areas, 
phlegmonous masses, and multiple gas bubbles are com- 
monly found. Computerized tomography was not avail- 
able until the last 5 years of our study. Since that time, 
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15 of 17 patients have had this study done for diagnosis 
and it was positive in all but two cases. Ultrasound fre- 
quently was not helpful in delineation of pancreatic ab- 
scess due to a high incidence of nondiagnostic studies 
usually related to overlying bowel gas, which obscured 


X proper detail of the pancreas. For this reason, we use 


computerized axial tomography as our primary test to 
investigate unusually severe or recurrent cases of pancre- 
atitis. Furthermore, computed tomography should be 
done in patients who are not showing the normal pattern 
of resolution of a case of pancreatitis. 

Ranson et al.® have classified the severity of pancreatitis 
using 11 signs associated with prognosis. Accordingly, they 
have demonstrated that the incidence of pancreatic abscess 
is increased in patients with a greater number of these 
prognostic signs and that mortality likewise increases with 
the severity of disease as assessed by these factors. Our 
study identifies a number of factors that correlate with 
fatal outcome in patients undergoing drainage of a pan- 
creatic abscess. Outcome within our patient population 
was not influenced by the prognostic signs of severe pan- 
spr creatitis described by Ranson. Becker et al.® reported a 

progressive increase in mortality in patients with pan- 
creatic abscess that parallels the number of prognostic 
signs present. While we could not demonstrate any sta- 
tistical significance to this observed trend, we have found 
also that there was an increase in mortality of pancreatic 
abscess as the absolute number of prognostic signs in- 
creased. Considerable variance in mortality, however, 
among patients with adjacent pancreatitis severity scores 
belies attempts at this type of categorization. 

A positive preoperative blood culture occurs infre- 
quently in patients with intra-abdominal abscesses in 
general and is associated with a higher mortality.'? De- 
monstrable bacteremia may represent failure of the host 


-defenses to contain what is truly an overwhelming infec- 


tion in patients with intra-abdominal abscess. Others also 
have reported a positive blood culture to be predictive of 
death in patients with pancreatic abscess.® 

While it has been suggested that early operation and 
entry into the lesser sac in patients with pancreatitis results 
in a higher incidence of peripancreatic infection, our ex- 
perience indicates that, among patients in whom abscess 
has developed, mortality is' not adversely affected by this 
factor. Ranson and colleagues® have suggested the use of 
peritoneal lavage in patients with severe pancreatitis (>3 
prognostic signs) as a means of reducing mortality and 
morbidity in this high risk group. Eighty per cent of our 
patients who had had previous therapeutic peritoneal la- 
vage for pancreatitis and later developed pancreatic ab- 
scess survived. While our experience is small, it would 


suggest that mortality due to pancreatic infection is not 


adversely affected by prior use of peritoneal lavage. How- 
ever, we can draw no conclusion concerning the predis- 
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position of patients who have therapeutic lavage to de- 
velop pancreatic abscess. 

Few patients in the present series had any delay in op- 
eration once the diagnosis of pancreatic abscess was made. 
Crass et al.!! have demonstrated an increased mortality 
among patients in whom there is a delay in operation of 
more than 24 hours after the diagnosis of pancreatic ab- 
scess. We have noted that operative intervention for pan- 
creatic abscess was undertaken | week later on the average 
in survivors compared to those who died. This anachro- 
nism may be explained if those patients with fatal pan- 
creatic abscess presented with a more rapidly progressive 
course of inflammation and infection, while those who 
lived had a more indolent course. We could not distinguish 
between survivors and nonsurvivors at presentation with 
pancreatitis, since the pancreatic severity score was similar 
between these groups. 

The microbiology of pancreatic abscess represents the 
interaction between the host and bacteria normally present _ 
in a commensal relationship. The organisms involved in 
the infectious component of pancreatic abscess are pre- 
dominantly gram-negative bacteria, a finding we previ- 
ously described. This infers that the source of bacteria 
contaminating the tissues of inflamed pancreas is the gas- 
trointestinal tract. While it has been suggested that bacteria 
spread directly to areas of pancreatic inflammation and 
necrosis from adjacent hollow viscera, the infrequent 
finding of anaerobic bacteria on culture would contradict 
this hypothesis. We propose an alternative hypothesis. 
Minute mucosal ulcerations of the gastrointestinal tract 
have been shown to occur in severely ill patients,'* thus 
providing a pathway for entry of enteral bacteria past the 
natural submucosal barrier and into the mesenteric lym- 
phatics. These translocated bacteria eventually pass into 
the circulatory system from where they can “seed” areas 
of inflammation or necrosis, This theory would account 
for the infrequent finding of a direct communication be- 
tween the pancreatic abscess and adjacent viscera and 
supports the frequent finding of enterococcal bacteria.!° 

The nonoperative treatment of pancreatic abscess is 
highly fatal and has been abandoned.'® Aspects of oper- 
ative treatment of pancreatic abscess have varied mostly 
by differing techniques and types of drainage. Some re- 
ports suggest that outcome is influenced favorably by the 
use of dependent sump drainage*>!”!® or by open packing 
of the abscess cavity followed by frequent dressing 
changes.®!°!9 Interestingly, Miller et al.” could find no 
correlation with the technique of drainage by either passive 
or active drains and patient outcome. However, this is an 
older report and may not be representative of more current 
series where an earlier and more accurate diagnosis can 
be made. 

In our hands, a careful blunt debridement of all necrotic 
tissue followed by wide sump drainage leads to a lesser 


610 MALANGONI AND OTHERS 


incidence of residual pancreatic and intra-abdominal ab- 
scesses, decreases the necessity for reoperation, and im- 
proves survival. Bradley and Fulenwider’ have reported 
excellent results using open packing followed by frequent 
dressing changes, and report a mortality rate of 14% using 
that technique since 1978. Stone et al.'° have used packing 
of the pancreatic bed with planned reoperation and re- 
packing followed by later sump drainage. Warshaw has 
reported a mortality of 5% since 1979 using aggressive 
debridement and multiple passive rubber drains. Only 
18% of the patients we have treated since 1980 have died. 
This mortality rate is comparable to other recent series. 
Interestingly, the advent of computerized tomography of 
the abdomen at our hospitals was associated with a sig- 
nificant improvement in survival from pancreatic abscess. 
We feel that the recently reported improvements in sur- 
vival from pancreatic abscess are due to earlier identifi- 
cation of patients with complicated pancreatitis by im- 
proved diagnostic scanning and subsequent earlier oper- 
ation rather than to subtle differences in drainage 
techniques. 

We found a low incidence of bleeding from the oper- 
ative site using sump drains, although when this compli- 
cation occurred it was often fatal. We recommend that 
soft drains be used and have observed that stiffer drains 
tend to erode into blood vessels or adjacent viscera in the 
presence of inflammation. Using these principles, the fre- 
quency of bleeding from the pancreatic bed was rather 
low. The importance of dependent positioning of suction 
drains has not been emphasized and may account for the 
increased frequency of residual pancreatic abscesses in 
patients not drained in this fashion. The occurrence of a 
pancreatic fistula after drainage has not been associated 
with residual or recurrent abscess or death. All of these 
fistulas closed spontaneously, although reoperation for 
pancreatic pseudocyst formation, which may have been 
due to preliminary drain removal, was necessary in two 
patients. 

The occurrence of multiple OSF after drainage of pan- 
creatic abscess was associated with a 70% mortality 
rate.*!? No patients without OSF died and mortality was 
22% when a single organ system failed. This pattern has 
remained unchanged since our earlier experience.? Becker 
and coworkers® have reported that pulmonary dysfunction 
in patients with pancreatic abscess is frequently associated 
with death. Two-thirds of our patients with pulmonary 
OSF died; this associated mortality was exceeded for pa- 
tients with hepatic or cardiac OSF. Gastrointestinal 
bleeding has become less evident compared to our prior 
report.? OSF remains a sensitive but late predictor of 
mortality in patients with intra-abdominal infections. 

In view of our experience and that reported by others, 
we have adopted a plan of aggressive diagnosis using ab- 
dominal computerized tomography in patients who have 
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signs and symptoms of pancreatic abscess or who are at 
high risk to develop this complication. Once the diagnosis 
is made, broad-spectrum antibiotics are started to combat 
the variety of organisms encountered and prompt oper- 
ation is planned. After careful but aggressive debridement 
of all necrotic debris, soft sump drains are placed exiting A 
from the flank in most circumstances. Parenteral nutri- 
tional support is necessary in these patients due to their 
prolonged illness and complicated course. The high fre- 
quency of wound infection has influenced us to use de- 
layed primary closure of the incision or to allow healing 
by secondary intention. After operation, aggressive pul- 
monary toilet is used to diminish the likelihood of pneu- 
monia. 

Our experience in the treatment of pancreatic abscess 
over the last 5 years emphasizes the improvement in re- 
sults that can occur once a method for accurate and early 
diagnosis evolves. Our recent mortality of 18% since 1980 
is a substantial improvement compared to the mortality 
of 38% reported previously from our institution prior to 
1975.? At that time, we suggested that prompt recognition 
and early operative drainage of pancreatic abscess would: 
decrease mortality from this disease. Clearly, improve- 
ments in the physiologic support of these very ill patients 
may have occurred as well. The availability of computed 
tomographic scanning has led to earlier identification of 
patients with infectious complications of pancreatitis and 
more prompt operative drainage. This seems to be the 
common denominator affecting a decrease in mortality 
from this disorder. 


References 


1. Warshaw AL. Pancreatic abscesses. New Engl J Med 1972; 287: 
1234-1236. 

2. Jones CE, Polk HC Jr, Fulton RE. Pancreatic abscess. Am J Surg 
1975; 129:44--47. 


3. Ranson JHC, Spencer FC. Prevention, diagnosis, and treatment of ~ 


pancreatic abscess. Surgery 1977; 82:99-106. 

4. Donahue PE, Nyhus LM, Baker RJ. Pancreatic abscess after alcoholic 
pancreatitis. Arch Surg 1980; 115:905-909. 

5. Aranha GV, Prinz RA, Greenlee HB. Pancreatic abscess: an unre- 
solved surgical problem. Am J Surg 1982; 144:534-538. 

6. Becker JM, Pemberton JH, DiMagno EP, et al. Prognostic factors 
in pancreatic abscess. Surgery 1984; 96:455~-460. 

7, Warshaw AL, Jin G. Improved survival in 45 patients with pancreatic 
abscess. Ann Surg 1985; 202:408-417. 

8. Ranson JHC, Rifkind KM, Roses DF, et al. Prognostic signs and 
the role of operative management in acute pancreatitis. Surg Gy- 
necol Obstet 1974; 139:69-81. 

9. Bradley EL, Fulenwider JT. Open treatment of pancreatic abscess. 
Surg Gynecol Obstet 1984; 159:509-513. 

10. Stone HH, Strom PR, Mullins RJ. Pancreatic abscess management 
by subtotal resection and packing. World J Surg 1984; 8:340- 
345. 

11. Crass RA, Meyer AA, Jeffrey RB, et al. Pancreatic abscess: impact 
of computerized tomography on early diagnosis and surgery. Am 
J Surg 1985; 150:127-131. 


12. Ranson JHC, Balthazar E, Caccavale R, Cooper M. Computed to- * 


mography and the prediction of pancreatic abscess in acute pan- 
creatitis. Ann Surg 1985; 201:656-666. 
13. Malangoni MA, Condon RE, Spiegel CA. Treatment of intra-ab- 


Vol. 203 + No. 6 


dominal infections is appropriate with single agent or combination 
antibiotic therapy. Surgery 1985; 98:648-655. 

14. Martin LF, Asher EF, Fry DE. Nongastric stress ulcerations of the 
gastrointestinal tract. Curr Surg 1982; 39:402-404. 

15. Wells CL, Rotstein OD, Pruett TL, Simmons RL. Intra-abdominal 
abscesses attract enterococci and other intestinal bacteria. Arch 
Surg 1986; 121:102-107. 

16. Kune GA. Abscesses of the pancreas, Aust NZ J Surg 1968; 38:125- 
128. 

17. Camer SJ, Tan EGC, Warren KW, Braasch JW. Pancretic abscess: 
a critical analysis of 113 cases. Am J Surg 1975; 129:426-431. 

18. Berne TV, Donovan AJ. Synchronous anterior celiotomy and pos- 


DISCUSSION* 


Dr. JOHN H. C. RANSON (New York, New York): I very much enjoyed 
these two excellent papers and appreciate the privilege of having been 
allowed to review advanced copies of Dr. Richardson’s and Dr. Malan- 
goni’s manuscripts. 

As was mentioned this morning, the term “pancreatic abscess” has 
been applied to a wide variety of pancreatic fluid collections including 
infected chronic pseudocysts, acute sterile collections in acute pancreatitis, 
and postoperative abscesses complicating elective pancreatic surgery. 

Anybody who writes about this tries to sneak a few of these other 
categories in because the prognosis is so much better and the real problem 
is the infected pancreatic slough, which may complicate acute pancreatitis. 


Æ As described today, the results with this problem are difficult, but I think 


these two papers are very encouraging. 

All would agree that the key to the management of pancreatic abscesses 
is timely diagnosis, radical debridement and drainage, repeatedly if need 
be, and meticulous supportive care. 

The best way to accomplish these three principles is not so easily 
agreed on. A number of recent reports, as Dr. Richardson has mentioned, 
and the two reports that we have just heard have described improved 
mortalities in the range of 5~20%. 

These reports have attributed the improvement to specific forms of 
drainage, both open and closed, or to specific diagnostic tests such as 
the CT scan. 

I had thought, I must say, that the improved mortality described by 
Dr. Beahrs and the Mayo Clinic group was probably a reflection of the 
fact that the patients treated by open drainage had been treated in the 
recent past. Dr. Beahrs in his presentation said that that was not the 
case, and I would like, therefore, to ask Drs. Beahrs and Pemberton what 
were, indeed, the criteria that led to open packing in that group of patients 


«3S opposed to closed drainage? 


The open packing, I think, would not be appropriate treatment for 
every patient with pancreatic abscess. Some of these are relatively well 
formed and relatively localized, and I wonder if they could give us some 
guidelines as to the sort of patient they are urging us to treat in this way. 

Along a similar line of argument is the improvement that has taken 
place gradually in supportive care. I must say that I suspect that some 
of the improvement that Dr. Richardson’s study attributes to the CAT 
scan is due to the fact that the patients managed with a CAT scan were 
also those patients who benefited from some of the recent improvements 
in supportive care. 

The CAT scan is certainly the most accurate method that we have of 
visualizing peripancreatic fluid collections, but our own experience, like 
that reported, is that it only shows a fluid collection in about 85% of 
patients who have a peripancreatic infection. It certainly is not perfect 
in that regard, and, secondly, a CAT scan does not, as we discussed last 
year, distinguish an infected peripancreatic collection from a sterile col- 
lection. 

In Dr. Richardson’s presentation, there was no relationship between 
the interval from onset of pancreatitis to abscess drainage and the eventual 





* This paper and the preceding paper by Pemberton et al. were dis- 
cussed in conjunction, as presented herein. 
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outcome. This parallels our own experience and is related in part to the 
fact that those who become septic early in their course tend to have more 
severe pancreatic necrosis. 

Furthermore, early in acute pancreatitis it is more difficult to do a 
good debridement because necrotic and viable tissues are not yet clearly 
demarcated. Indeed, | think that this may be a group in which the open 
drainage approach would have great advantages. 

However, if this were the whole issue, then those patients who were 
operated on at a late period of time after the demarcation had taken 
place and liquefaction had occurred should uniformly have a better 
prognosis. The fact that they do not indicates, I think, that we have 
continuing problems with the diagnosis of pancreatic sepsis. 

Percutaneous aspiration under radiographic control and gram stain 
and culture have been suggested as a means for the early diagnosis, and 
I would like to ask both of the essayists if they have any experience with 
their approach and what they think of it. 


Dr. H. HARLAN STONE (Baltimore, Maryland): These two papers are 
quite striking and their results are very similar. Yet one advocates drainage 
while the other favors packing. 

One of our difficulties, as has been stated, is defining when the patient 
has a true pancreatic abscess and not just a lesser sac abscess. The pan- 
creatic abscess is basically a phlegmon, with the entire pancreas being 
involved in a process of extensive necrosis and abscess pockets within 
the pancreas proper. 

(Slide) Although the patient who has striking changes on CT exami- 
nation may mimic the individual with a true pancreatic abscess, aspiration 
of peripancreatic fluid from these patients will seldom demonstrate white 
cells or bacteria. Far more useful is the observation that (Slide) patients 
who are not on antibiotics will almost uniformly have bacteremia if 
there is a pancreatic abscess. Unfortunately, we seldom see these patients 
before they have been placed on antibiotics, and thus the antibiotics 
indeed mask the presence of bacteremia. 

(Slide) As far as management of the abscess is concerned, the process 
is much more severe than other infections because proteolytic enzymes 
are present. These enzymes destroy most of the host defense factors, for 
we must remember that the majority of such are proteins. The mortality 
accordingly is much higher, and there is a correspondingly higher inci- 
dence of bacteremia. Thus, for these reasons, we have preferred to carry 
out distal resection of the pancreas. By such, we have been able to achieve 
our lowest mortality rate. Open packing works quite well and is far better 
in our hands than drainage alone regardless of whether drainage is as- 
sociated with resection. With this approach, we have been able to reduce 
our mortality rate considerably. At present, the hospital mortality rate 
for pancreatic abscess has been running about 9%. 


Dr. EDWARD L. BRADLEY III (Atlanta, Georgia): It was indeed a 
pleasure to hear both these papers presented together, but, if I may, I 
would like to confine the majority of my remarks to the paper from the 
Mayo Clinic. It was very kind of them to send me a copy, since it is 
always a pleasure to read a paper that confirms one’s biases. 

They report a 20-year experience of a retrospective comparison between 
previously used closed drainage and currently employed open drainage. 
They have collected 81 consecutive cases over this period of time. I 
remind you that they found a significant difference in mortality rate 
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between the conventional form of drainage and the new open packing 
technique (44% vs. 18%). 

Furthermore, they were unable to find any group bias to account for 
the differences in mortality rate. If anything, an adverse bias existed 
against open packing in that those patients had a higher number of Ranson 
criteria. In contrast to the group from Louisville, most of us have found 
that the Ranson criteria correlate very well with clinical outcome in 
patients with pancreatic abscess. 

Furthermore, and I think particularly important in this paper presented 
to us by Dr. Beahrs today, is that they divided their data into three time 
periods and showed no significant difference in survival between those 
periods. Now that, to my way of thinking, effectively eliminates cardio- 
pulmonary resuscitation, CAT scan, or any other recent changes in treat- 
ment that might account for the significantly greater survival after open 
drainage. 

We became initially disturbed about the mortality results from pan- 
creatic abscess in 1975. We reasoned that there are two things that sur- 
geons ought to be able to do; one is to drain pus and the other is to stop 
bleeding, and we were not doing either in these patients. 

We conducted a retrospective review of the published cases of pan- 
creatic abscess in the English language, and we found that 76% of patients 
were dying of sepsis after attempts at surgical drainage. That meant to 
us that the standard drainage of pancreatic abscess was an inadequate 
procedure. Accordingly, we began to experiment with extensive unroofing 
and open drainage. 

At that time, we were unaware of the pioneering work of Boclooki 
and Gliedman who had done three cases with a technique they called 
marsupialization. 

Currently, we have performed open drainage in 25 patients. We have 
three mortalities, none of which were due to persistent sepsis. We had 
one patient with a small intestinal fistula. 

I noticed that there was a high rate of fistula formation (30%) in the 
Mayo series, and I am a little concerned about that. I wonder why? Are 
you using Adaptic® gauze as we recommended? 

Furthermore, it is of some interest to us that the majority of patients 
from the Mayo series were pancreatic abscesses secondary to biliary pan- 
creatitis, while ours were due to alcoholic pancreatitis. It would seem as 
though the two etiologic subgroups are affected equally favorably by 
open drainage. 

As John Ranson mentioned, I think we had better be very cautious 
that we are all talking about the same thing. Pancreatic abscess means 
very different things to different people. 

The Germans are now using a term that I find eminently preferable. 
They call it infected pancreatic necrosis, and this is not pus. This is dead 
tissue, dead gray tissue that looks for all the world like the material under 
your shower drain. It is gray, full of black fibers, and is positive for 
bacteria. 

Pancreatic necrosis can also exist without bacteria, and it is very difficult 
for me to call that pancreatic abscess. If we restrict our conversations in 
the future about pancreatic abscess to the former class of patients, we 
will all be talking about the same thing. This is the class of patients that 
we are reporting from Emory. 

There is one set of additional data that is now becoming more clear. 
Today, we can recognize early pancreatic necrosis much better than in 
the past. Pancreatic necrosis has been a clinical diagnosis and extremely 
difficult to make, as many of you know. We are now getting some ad- 
ditional assistance. We certainly agree with the Louisville group that the 
CAT scan is helpful, but it has some false-negatives, and the clinical 
presentation of the patient is still equally important. 

Needle aspiration bacteriology is very helpful in distinguishing phleg- 
mon from infected pancreatic necrosis when the CAT scan is question- 
abie. 

The group from Ulm, Germany, has demonstrated that serial deter- 
minations of C reactive protein are very helpful in distinguishing pan- 


creatic necrosis from phlegmon. They combine this with alpha 2 mac-. 


roglobulin and alpha | antitrypsin and claim a 96% success rate in sep- 
arating necrotic pancreas from live pancreas. This is something we need 
to look into. 

In addition, there is another feature of pancreatic physiology that we 
may take advantage of. (Slide) This is an intravenous contrast enhanced 
CAT scan. I call your attention to the contrast material in the aorta. 
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Notice the contrast material in the head of the pancreas. The other non- 
visualized part of the pancreas was completely necrotic. 

No doubt this is a reflection of pancreatic blood flow. It has been 
suggested that contrast enhanced CAT scans are highly successful in 
distinguishing pancreatitis from necrosis. We have had experience with 
three cases, and we found it very useful. I wonder if the authors have 
had any similar experiences? 

I would not like to get into some kind of artificial dichotomy between 
packers and drainers. I think the real bottom line to the treatment of 
pancreatic abscess is wide debridement and aggressive re-exploration for 
persistent sepsis. Whether you do this by open drainage or whether you 
do it by closed drainage anticipating reoperating on the patient, I am 
really not sure that is terribly important. 

Not every patient with pancreatic abscess needs open drainage. We 
are reserving this procedure for massive pancreatic necrosis that is in- 
fected. 

We now know that there is a correlation between the amount of ne- 
crotic pancreas and patient survival, and I think that patients with min- 
imal amounts of necrosis could be equally well treated by a closed tech- 
nique. 


a 


PROFESSOR CORNELIUS J. C. NEL (Bloemfontein, South Africa): I 
want to congratulate both Drs. Beahrs and Richardson on two excellent 
studies of a difficult subgroup of patients with septic complications fol- 
lowing pancreatitis. I find the terminology of pancreatic and peripan- 
creatic fluid collections with or without septic complications increasingly 
confusing. When we studied our patients, we identified a difference in 
mortality among three different groups of patients who presented witha 
septic complications following pancreatitis, namely: (1) infected pan- — 
creatic necrosis, which presents early and has a high mortality; (2) infected 
pseudocyst, which presents within weeks with a moderate mortality; and 
(3) late abscess or infected pseudocyst with a low mortality. My first 
question to the Mayo Clinic group is whether their series included patients 
from all three groups. My second question, also to the Mayo Clinic 
group, relates to the indications for controlled open drainage. | am sure 
that not all patients with septic complications from pancreatitis require 
that form of treatment. Could they be more specific about their specific 
indications. 

I wish to share with you some of our own experience over the last 8 
years using a similar technique to the one described by the Mayo Clinic 
group in the treatment of severe intra-abdominal sepsis including pan- 
creatic sepsis. We prefer a midline abdominal incision. A complete de- 
bridement of the peritoneum cavity is performed and copious intra- 
operative irrigation of the abdomen using diluted peroxide followed by 
8 to 10 liters of saline. We pack the area of sepsis, leave the abdomen 
open with no drains, and repeat the procedure at 24 to 48 hour intervals 
until all the sepsis is cleared. Often this may go on for 7-9 days. 

Our collective experience with this treatment——we are calling it repeated 
abdominal toilet—in ali forms of severe intra-abdominal sepsis is now 
more than 120 patients. and we have been able to reduce the mortality 
from about 50% in these patients to 27%. The subgroup of patients with 
pancreatic sepsis did worse than the average group because of more severe 
systemic complications, especially multiple organ failure and the some- 
times very extensive retroperitoneal necrosis and sepsis. 

I thank you for the privilege of the floor. 


Dr. JOHN H. PEMBERTON (Closing discussion): Thank you very much 
for the opportunity to close this paper. I will attempt to go through these 
questions one by one. 

First, Dr. Ranson. Dr. Bradley actually answered one of your questions 
regarding the differences between mortalities depending on the year of 
treatment. We too asked that question after reading Dr. Warshaw’s recent 
report (Ann Surg, 1985; 202:408-415). In that report, Dr. Warshaw 
seemed to ascribe improved rates of survival to more modern techniques 
of diagnosis. We, however, found that rates of mortality did not differ 
according to date of treatment. 

In response to questions regarding criteria for open versus closed 
drainage, we would agree with Dr. Bradley that small, almost incidentally 
found pancreatic abscesses in patients who are not profoundly septic, in 
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ventilatory distress, or actively bleeding can likely be treated by abdominal 
exploration, aggressive debridement, and drainage in a closed, dependent 
manner. 

However, the 17 patients whom we presented today were severely ill, 
as evidenced by their Ranson criteria and by the incidence of over- 
whelming clinical sepsis; 92% of those patients were in that category. 
Yet, only 18% died from this aggressive, open-treatment approach. This 
kind of patient, and patients with abscesses extending into the retro- 
peritoneum or mesentery with marked induration of surrounding tissues, 
I feel, need open drainage. 

Closed drainage can be achieved either anteriorly, by leaving numerous 
stuffed rubber Penrose drains in the abscess cavity, as Dr. Warshaw re- 
ported, or dependently as reported by Berne and Donovan (Arch Surg 
1981; 116:527-532) or can be done as the Louisville group has reported 
today, but the secret is aggressive initial debridement and dependent 
drainage, be it open or closed. 

Regarding percutaneous CT drainage, we do not condone such an 
approach for the treatment of pancreatic abscess, but we do for diagnosis. 
In addition, in the most recent 8 months, we have attempted aspiration 
of persistent pancreatic phlegmon in patients failing to improve clinically 
so as to facilitate earlier diagnosis of pancreatic abscess. 

Dr. Stone brought up the question of how many patients really had 
bacteriologic evidence of infection at the time of operation. In the closed 
drainage group, only 81% of the patients were culture positive, but, in 
the open drainage group, fully 94% had positive cultures. This was not, 
however, a statistically significant difference; in our most recent patients, 
the open drainage group, nearly all had documented evidence of infection. 

Regarding sharp dissection of the pancreas, we are impressed with Dr. 
Stone’s results. We have not performed this procedure but would think 


A” that it seems a good idea. I would ask, however, should this resection 





not proceed further to the right in order to include the abscessed areas 
of the pancreas? I do not know, but again, we do not do this procedure. 

l appreciate Dr. Bradley’s kind remarks. Our fistulization rate is high. 
It is much the same as that reported by Dr. Warshaw, who used closed 
techniques. Interestingly, we have a similar rate of pancreatic fistula after 
either open or closed drainage; there was no difference in the absolute 
numbers between those groups. Although there seemed to be a few more 
patients in the open drainage group with colon fistulas (30% vs. 20%), 
these numbers were not statistically different. We would agree that Adapic 
gauze or Silastic® sheeting would protect the vessels in the base of the 
necrotic pancreas or in the peripancreatic retroperitoneum and would 
likewise protect the colon in particular; we should change our approach. 
Interestingly, almost all of our pancreatic fistulae healed spontaneously 
without need for further treatment. This was not necessarily true of the 
colon fistulae, which usually required diversion and then another op- 
eration later. 

I would agree with Drs. Nel, Bradley, and Ranson that we need to 
define the clinical presentation of pancreatitis and pancreatic abscess 


* precisely. We have defined our group of patients as best as we could, 


and I acknowledge the weaknesses inherent in our retrospective study. 
However, the severity of our patients’ illnesses was documented by fairly 
acceptable standards, that is, Ranson criteria. The only differences among 
the patient populations were the size of the groups and the fact that the 
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sickest patients were treated by the open approach, yet they had the 
lower mortality. | would plead that any paper dealing with pancreatic 
abscess try to document the severity of the predisposing episode of pan- 
creatitis and the severity of the clinical presentation of the abscess itself, 
perhaps based on the APS score (Arch Surg 1984; 119:1372-1378), so 
that we are all talking about the same kinds of patients. 

Vascular enhanced CT scanning for pancreatic abscess has only been 
done very recently at Mayo, and I do not have the latest results of en- 
hanced versus nonenhanced scanning. 

Dr. Nel, we had no infected pseudocysts in this group. There were no 
traumatic pancreatic abscesses and no postoperative lesser sac abscesses. 
There were patients with postoperative pancreatitis and subsequent pan- 
creatic abscess, that is true, but no patient had a purely postoperative 
abscess without a precipitating, documented episode of pancreatitis. 

In conclusion, we feel that open lesser sac drainage is indicated in the 
severely ill patient who is dying from pancreatic abscess. It seems that 
all techniques associated with reduced mortality assure continuous re- 
moval of the products of infection by wide drainage whether anterior, 
posterior, or open or closed. 

It is encouraging that we can start to decrease mortality in this par- 
ticularly difficult situation using this aggressive approach. 

Thank you very much. 


Dr. J. DAVID RICHARDSON (Closing discussion): The bacteriology of 
our pancreatic abscess is as follows: in 27 patients, we had two sterile 
collections with no growth, but both had gram-stained positive organisms 
in conjunction with a necrotic pancreas. We had 12 patients who had 
polymicrobial infections and 13 who had monomicrobial infections. 

I do not want to overemphasize the importance of the CT scan in 
terms of the improvement that we had in mortality. Obviously, there 
are a variety of other things that we are doing better in caring for these 
patients. Nonetheless, the ability to diagnose abscesses more promptly 
and to follow their course has been invaluable. In terms of the CT guided 
percutaneous drainage of abscesses, we have not found that useful. How- 
ever, drainage aspiration and gram stain for diagnosis has been useful 
in a few patients. I think that the way we tend to use it is, if it is positive, 
then it is beneficial. If we honestly do not know. whether to operate on 
the patient with a suspected abscess the first time or reoperate on him 
subsequently and if the aspirate is negative for organisms, then we may 
tend to procrastinate for a day or so. Obviously, the decision to operate 
will be a clinical judgment that has to incorporate many elements of the 
patient’s total picture. Certainly, one cannot use a negative aspirate as 
an absolute guide that an abscess is not present; thus, | think that some 
of those patients may be empirically explored. 

I must admit that I do not see the two experiences reported today, the 
Mayo Clinic and ours, as being remarkably dissimilar. I think that we 
have both advocated slightly different ways of accomplishing the same 
thing. I suspect that we will be packing some patients in the future, and 
I believe that this technique will be a useful modality. I do not think, 
though, that we ought to get into a lockstep kind of mentality of packing 
all patients, believing that that is going to accomplish more than any 
other way of aggressively debriding and irrigating out the pancreatic bed. 

Thank you very much. 
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Aspiration of acid gastric juice poses a potential threat during 
operations. Many anesthesiologists use a variety of agents aimed 
at decreasing gastric volume and/or acidity. The effect of three 
agents on gastric volume, pH, and flora, and the effect of cefazolin 
on gastric flora in morbidly obese patients were studied. Cefazolin 
did not sterilize the gastric lumen. Almost one-half of patients 
not treated with an H, blocker had a pH below 2.5 and a gastric 
volume of 20 ml or more. Five had both a low pH and significant 
volume and, thus, the potential for lethal aspiration. Two doses 
of cimetidine, 300 mgm orally, or of ranitidine, 150 orally, the 
evening before and the morning of operation decreased gastric 
volume and raised pH reliably to a level that should be protective 
from fatal aspiration. However, gastric cultures after these drugs 
were positive 86% of the time with a larger variety of organisms 
than in the untreated stomachs. Metoclopramide failed te de- 
crease gastric volume or raise pH. Transoperative cefazolin was 
used in all patients. Clinical infection was not a problem. 


NTRABRONCHIAL ASPIRATION of gastric contents oc- 
curs in up to 5-16% of general anesthetics and is a 
major cause of perioperative morbidity and death.'? 

Factors important to outcome include the pH of the as- 
pirate, volume, and the amount of particulate matter. 
With elective operations, gross particles generally are not 
a problem because the patient has not been allowed oral 
intake. In spite of fasting, the stomach may still contain 
acid liquid. Anesthesiologists often employ a variety of 
agents to decrease acidity and/or intragastric volume. 
Since gastric acidity is essential to destroy swallowed bac- 
teria, it is reasonable to assume that some of these agents 
will influence intragastric flora. Therefore, an operation 
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on the stomach following certain premedications may be _ 
more likely to be followed by infection. T 

This report documents two prospective, randomized, 
blinded trials on morbidly obese, but otherwise normal, 
patients undergoing ring gastroplasty. Normal weight in- 
dividuals may not be as likely to aspirate as obese patients. 
On the other hand, only obese patients were used in these 
trials to allow uniformity. These studies were approved 
by the Institutional Review Board of our medical center. 


Materials and Methods 


All patients received the same preoperative care. They 
were allowed nothing by mouth after midnight and re- 
ceived a preoperative medication of Phenergan® 50 mg 
and morphine 10 mg at 6:00 A.M. for a 7:30 operation or ~ 
on call for subsequent operations. Most of the operations 
were done as the first morning case. Uniform anesthesia, 
with pentothal induction of up to 300 mg with additional 
doses as necessary, was utilized. After preoxygenation, 
pancuronium | wg and succinylcholine 120 ug were used 
for intubation. Anesthetic maintenance was with enflour- 
ane and 50% nitrous oxide and oxygen. Periodic moni- 
toring of arterial blood gases was done. 

The surgical team and the laboratory personnel were 
blinded and did not know what preoperative medications 
were used on a given patient. No tubes or dilators were 
placed in the stomach until after samples of the gastric 
aspirate had been obtained. In all patients, the abdomen 
was opened through an upper midline incision. A small 


gastrotomy was made in the body of the stomach near _,, 
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the greater curvature (Fig. 1). A catheter was inserted and 

all stomach content was aspirated. The specimen then 

was sent for volume, pH, cultures for aerobic, anaerobic, 
and fungus organisms. 

In the first trial, patients were randomized into four 

3x groups (Fig. 2). Group A received neither cefazolin nor 

cimetidine, group B received cimetidine only, group C 

cefazolin only, and group D received both cimetidine and 
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cefazolin. The dosage of cimetidine was 300 mg orally at A i pad i 
2300 the evening before operation and on the morning a2 25 
of operation; the cefazolin was I g intramuscularly the a3 22 
morning of operation. The drugs were given at 6:00 A.M. a4 3 
for a 7:30 operation. In those patients who did not receive pe a 
cefazolin before operation, this drug was administered as a7 6 
soon as the specimens had been taken. The gastrotomy a8- 36 
incision then was closed and the gastroplasty completed. a9 24 
Trial II was done after the results of Trial I were known a10 10 
(Fig. 3). All patients in this study received preoperative 58 
Phenergan and morphine as before plus cefazolin 1 g. > a s a 7 x : 
The anesthetic technique was the same. Patients were b3 1 6 |xlxix 6 
randomized into three groups, with Group E receiving © b4 6 6.5 9 
_ ranitidine, Group F metoclopramide, and Group G both b5 1 6 |x|x|] fx]x 29° 
Pa b6 10 7 x| |x 9 
b7 2 6.5 x 4 
b8 12 5 |x|xIx 4 
b9 12 4 8 
c 
cl 20 3.5 5 
c2 7 15 x 4 
c3 18 1.5 5 
c4 14 2 4 
c5 “20 1.5 4 
c6 14 15 5 
c7 18 1.5 4 
c8 10 5.5 ixixix] |x 5 
c9 14 15 5 
D 
: d1 40 3.5 x 3 
Cdi d2 10 8 ixjxix 5 
d3 12 7 ixixix 5 
d4 9 7 Ixix 4 
d5 1 8 jxixjix 5 
d6 2 6 x 5 
d7 4 65 ixix|x 4 
d8 3 - İIxixix 5 





FIG. 2. Data for Trial I are displayed, demonstrating volume, pH, bacterial 
isolates cf the specimen, and postoperative hospital stay. Patients in 
Group A received no drug, B cimetidine, C cefazolin, and D both drugs. 
*Patient b5 developed a gastric perforation unrelated to the gastrotomy 
and required reoperation. 


drugs. The ranitidine was given orally 150 „g at 2300 the 
evening before operation and at 5:30 A.M. the morning 
of operation. Metoclopramide 10 ug was administered 
__ Fic, 1. The stomach content was aspirated through a small gastrotomy  ‘tramuscularly at 5:30 A.M. Specimens were taken and 
>> in the body. treated as before. 
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E Pt Volume mi 





Days 
el 20 4 
e2 5 4 
e3 1 5 
e4 20 8 
e5 19 4 
e6 2 5 
e7 1 4 
e8 1 4 
F 
H 25 1.5 x 4 
f2 20 3 x 4 
3 27 1 | 5 
t4 30 7 xxx x x 9 
t5 27 15 x 5 
6 42 2.5 4 
f7 55 25 xix 4 
t8 15 35 x 6 
t9 25 3 x 5 
10 10 7.5 x 5 
G i] 
gi 6 65 x | x 4 
g2 7 6 | | 5 
g3 18 35 0 5 
g4 3 6 xxx x 5 
g5 1 6 x [x x xi 5 
g6 1 8 d x 5 
g7 3 4 xxx ooo 5 
g8 5 5 xX XxXxX i 4 
g9 2 7 ; Ki 4 f 4 
gid 1 75 xxii Í i | 4 


Fto. 3. Data for Trial H are displayed, demonstrating volume. pH, and 
bacterial isolates of the specimen, and postoperative hospital stay, Group 
E received ranitidine, F metoclopramide, and G both. All of these patients 
received cefazolin. 


All patients received cefazolin | g at 5 and !2 hours 
following operation.? Subcutaneous suction drainage 
without antibiotic irrigation was used for 48 hours.* No 
nasogastric tube was used after operation. 

Specimens were measured for volume and for pH using 
pHydrion strips. A Gram’s stain was performed. Cultures 
were made for aerobic bacteria on blood agar plates, EMB 
plates, and thioglycollate broth; for anerobic organisms 
on Schaedler plates, Schaedler CNA plates, Schaedler KV 
plates, and cooked meat broth; and for fungus organisms 
on SAB media, SABHI media, mycosel media at 25 C, 
and on mycosel media, SABHI media, and Middlebrook 
media 35 C. 
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Results 


No patient in the study had a complication from the 
gastrotomy. There were no pulmonary complications that 
prolonged hospitalization. There were no wound infec- 
tions and there were no internal infections, with one ex- 
ception. Patient b5 developed a gastric perforation in the 
proximal pouch away from the staple line, ring, or gas- 
trotomy on the second postoperative day, necessitating 
reoperation. Including this patient the averge postopera- 
tive hospital stay was 5.44 days. Excluding patient b5, 
postoperative stay in the various groups ranged from 4.5 
days in group D to 6 in group B. We do not consider this 
variation a consequence of the medication received, For 
simplification, patients in the two trials were compared 
together. Six of the 70 entered patients were excluded from 
analysis because of breaches in the protocol. 

Of 29 patients not receiving an H, blocker (Groups A, 
C, and F), 14 had a volume greater than 20 ml, 14 had a 
pH below 2.5, and five had both. In the groups receiving 
an H, blocker (B, D, E, and G), four of 35 had a volume 
better than 20 ml, but none had a pH below 2.5. 


Of 29 patients not receiving an H, blocker (Groups A,“ 


C, and F), positive bacterial cultures occurred in 11 and 
positive fungal cultures in seven. Two patients had both; 
thus, 16 of 29 grew some organism from the stomach. Of 
35 patients receiving an H; blocker, all but five grew some 
organism, with 26 containing bacteria, 12 fungi, and eight 
both. As the charts show, these groups (B, D, E, and G) 
were much more likely to have multiple, different bacteria, 
with all but two having two or more species present. A 
few patients had bacilli and cocci seen on Gram’s smear 
of the aspirates, but the organisms failed to grow. 


Discussion 


The first anesthetic death due to strangulation (attrib- 
uted to brandy poured into the mouth as a stimulant) 
was reported by James Simpson in 1848, and the first 
death due to vomiting and strangulation was reported in 
1853 according to Bannister and Sattilaro.° Although 
sporadic articles had appeared about the hazards of as- 
piration, the syndrome was appropriately recognized and 
emphasized by the work of Mendelson.® Bannister and 
Sattilaro combined a group of reports and estimated as- 
piration to cause 14% of all deaths from anesthesia and 
34% of all obstetrical deaths.” Roberts and Shirley reported 
that 8% of 950 maternal deaths in 1968 were due to as- 
piration during anesthesia.’ 

Gastric content may reach the pharynx and be available 
for aspiration via two mechanisms, frank vomiting, which 
is usually obvious, and regurgitation, which can be very 


subtle and often unrecognized. When aspiration occurs, -= 
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mortality may range up to 63%.®? Patients with gastroin- 
testinal obstruction or dysfunction, abnormalities of 
esophageal function, and, perhaps, obesity have increased 
potential for regurgitation. 

Because of the proper emphasis on the danger of as- 
piration, anesthesiologists use extreme caution to prevent 
its occurrence, including fasting patients; aspiration of 
stomach contents before inducing anesthesia, a marked 
head up, or conversely, down position; and firm pressure 
over the cricoid cartilage until the endotracheal cuff has 
been inflated. In spite of all these efforts, substantial com- 
plications still occur. The acidity of aspirated liquid ap- 
pears critical. Teabeaut, studying rabbits, found that hy- 
dfocloric acid and human gastric juice with a pH of 2.5 
or greater was not much worse than saline, whereas a pH 
below 1.5 caused a severe inflammatory reaction.!° Nu- 
merous other studies have indicated that a volume of 20 
to 25 ml of acid gastric juice may be lethal. Total effect, 
therefore, depends on a combination of acidity and vol- 
ume. For these reasons, great effort has been made to 
reduce gastric volume to below 20 ml with a pH of 2.5 


or above. 


Particulate matter can cause death from airway ob- 
struction in the various bronchi or from subsequent gran- 
ulomatous reaction to the material. However, gross ma- 
terial can be removed bronchoscopically, without the le- 
thal implications of acid liquid. With potential toxicity 
of gastric juice, a number of medicines have been used, 
including anticholinergics such as atropine and glycopyr- 
rolate, antacids, Hz blockers, and metoclopramide. This 
last drug, in addition to encouraging gastric emptying, 
increases lower esophageal sphincteric pressure. Of the 
available modalities, the H, blockers appear to have the 
most reliability for increasing pH and decreasing vol- 
ume.!!-'4 Cimetidine reaches its maximal therapeutic ef- 
fect in 90 minutes when given orally or intravenously in 
about 45 to 60 minutes. Its effect may last up to 7 hours. !’ 
Ranitidine, orally, is approximately 50% absorbed with a 
peak level in 2-3 hours. A therapeutic level may last up 
to 12 hours. 

Our studies clearly demonstrate that the potential for 
serious or even fatal aspiration is present in many obese 
patients undergoing elective operation, with about one- 
half having a pH below 2.5, one-half having a volume of 
20 ml or more, and five of 29 having both. These five 
patients, theoretically, had the potential for fatal aspira- 
tion. On the other hand, not a single patient in the H3 
blocker groups had a dangerously low pH. 

The empty gastric lumen has been considered relatively 
uncontaminated because acid gastric juice destroys mi- 
croorganisms swallowed from the upper aerodigestive 
tract. Giannella, Broutman, and Zurchal found innocu- 
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lated bacteria to be uniformly destroyed within 30 minutes 
in the empty normal stomach or in vitro in hydrocloric 
acid or gastric juice when the pH was below 4.'° In disease 
states with hypochlorhydria, viable organisms, including 
oral flora and coliforms, are found routinely.'”'® Post- 
operative infection clearly seems to depend on the pres- 
ence of viable intragastric bacteria. Where the stomach 
lumen is sterile or has low bacterial concentration, wound 
infections are less than with higher concentrations. Studies 
indicate a postoperative infection rate of about 5% for 
uncomplicated duodenal ulcer, compared to 15-30% for 
hypochlorhydric groups, such as complicated duodenal 
ulcer, gastric cancer, or gastric ulcer.!7~!? 

Gatehouse and colleagues obtained quantitative counts 
of gastric flora on patients undergoing gastric procedures.” 


Regardless of the underlying pathology, counts greater 


than 5 X 10°/ml had 93% incidence of wound sepsis, 
whereas those with a count below 5 X 106/ml had 16%. 
Using preoperative quantitative gastric cultures to select 
patients for antibiotic coverage, these workers were able 


‘to decrease postoperative wound sepsis to 8%.?! They feel 


simple preoperative measurement of intragastric pH can 
be used to predict the need for antibiotic coverage. 
Feretis and colleagues cultured the stomach of patients 
2 days before and at the time of pyloroplasty and vagot- 
omy in three groups who received: (1) no cimetidine, (2) 
cimetidine for 7 days before operation, and (3) cimetidine 
begun 7 days before and discontinued 2 days before op- 
eration.” They found preoperative cimetidine increased 
the quantity of organisms and allowed more coliforms to 
be present. These alterations reverted if the drug was 
stopped for 48 hours. Their data suggested that infection 
would be much more likely in patients receiving cimeti- 


` dine until the time of operation. Polk and Lopez-Major 


have demonstrated the effectiveness and safety of a 3- 
dose cephalosporin regimen in gastroduodenal opera- 
tions.? We, therefore, utilize transoperative cefazolin on 
all patients undergoing gastroduodenal operations, even 
those for morbid obesity or uncomplicated duodenal 
ulcer. 

We have the impression that anesthesiologists are un- 
aware of the relationship between intragastric pH and 
bacterial count in the stomach and, thus, have not con- 
sidered its theoretic importance to the surgeon. On the 
other hand, we have been surprised to find that many 
surgeons are not aware that their anesthesiologists fre- 
quently or routinely use agents that alter the pH of the 
stomach and, therefore, will change the bacterial flora and 
concentration. 

Arata and Perry, investigating morbidly obese individ- 
uals, found about one third to have positive gastric lumen 
cultures during operation.” Another one third of their 
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patients had positive cultures at the end of the gastroplasty, 
during which a 34f tube was passed into the stomach. 
Their infection rate had been about 10% in 1000 patients, 


stimulating them to make these studies. 


Our own cultures in H; blocker groups demonstrated 
more varieties of organisms in more patients than in 
groups without H, blockers, implying a greater potential 
for infection. Only six of 29 patients in groups A, C, and 
F (no H; blocker) grew more than one organism from the 
gastric aspirate. The pH measurements of these specimens 
were 7, 6, 5.5, 5.5, 5, and 2.5. Thus, all but one (f7) were 
above the critical level of pH 4 of Giannella and col- 
leagues. Quantitative cultures may have been more elu- 


cidative. 


Why the metoclopramide only group (group F) seems 
almost uniformly to have a higher volume is not clear. 
No attempt was made to document lower esophageal 
sphincteric pressures. This drug is supposed to facilitate 
gastric emptying and raise the lower esophageal pressure 
and may afford some protection through these mecha- 
nisms. Volume appeared to be less in the H, blocker 
groups, but consistent change was not as dramatic as the 
change in pH. We utilized two doses of the H, blockers 
because gastric juice with a low pH may already be present 


and remain in the stomach with a single on-call dose. 


We can draw the following conclusions. Many morbidly 
obese people have the potential for serious aspiration with 
elective operations and should receive protection in the 
form of ranitidine, cimetidine, or some other agent to 
decrease intragastric acidity and volume. Intragastric vol- 
ume is reduced and pH is increased by cimetidine and 
ranitidine, but not by metoclopramide. The main value 
of metoclopramide presumably results from its effect on 
the lower esophageal sphincter and not gastric emptying. 
The likelihood of viable organisms appears to be directly 
related to the intragastric pH. Most patients with a higher 
pH (24) do harbor viable organisms, and patients receiv- 
ing pretreatment with H, blockers to prevent fatal aspi- 
ration should be considered to have viable intragastric 
organisms in significant numbers. Transoperative cefa- 
zolin does not sterilize the stomach lumen. Operation on 
patients containing viable intragastric organisms does not 
necessarily result in clinical infection. Transoperative ce- 
fazolin may afford protection against postoperative sepsis 
in patients receiving preoperative drugs that decrease gas- 


tric acidity. 
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DISCUSSION 


Da. HERSCHEL A. GRAVES, JR. (Nashville, Tennessee): Your very 
exceilent paper has made an interesting point that is applicable to many 


patients other than just the morbidly obese. It tells me that I may have 
done something correctly without knowing the full extent of my action. 
In 250 of various gastric stapling procedures for morbid obesity, neomycin 
and erythromycin have been given for 24 hours before surgery with the 
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intention of reducing peritoneal and wound contamination. There have 

been only two superficial wound infections, none deep, and no significant 

postoperative oral antibiotics contributed to the latter figure as well as 

the former and it may be appropriate to so prepare all gastric surgical 

patients. I have done this for many years and automatically included 

the stapling patients when | began performing these procedures i in 1978. 
Thank you for a good paper. 


Dr. JAMES C. THOMPSON (Galveston, Texas): It makes me nervous 
when anyone gives medicines to our patients, and, when they give them 
powerful medicine like these H,-receptor antagonists, I become con: 
cerned. Now I find out why I am concerned, because we hear that ci- 
metidine causes an increase in the number of organisms in the stomach. 

I think that the risk of aspiration can be fairly well handled in most 
cases simply by nasogastric suction of the stomach, and that is what we 
do. We, acting on our own initiative, do not give them any of these 
powerful drugs. We just empty their stomachs out before anesthesia. 

I would like to observe that you cannot average pH values; pH is an 
exponent You cannot avèrage those numbers. You have to convert 
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them to hydrogen ion concentrations, average the hydrogen ion concen- 
trations, and then convert them back to the exponent. 


Dr. HENRY L. Laws (Closing discussion): I would like to agree with 
Dr. Graves; I feel that his excellent results have been due to good operative 
technique. Į suspect that the erythromycin and neomycin were down in 
the intestine and would not be effective on bacteria swallowed into the 
stomach. 

In the manuscript, we refer to an interesting study done in Greece by 
Feretis and colleagues on patients undergoing elective operation for duo- 
denal ulcer. They began cimetidine 7 days before operation and had a 
large number of different organisms in the stomach, not just oral flora, 
but enteric flora. On the other hand, if they stopped the cimetidine for 
2 days before operation, then the patienits reverted to a normal intragastric 
count. 

I would emphasize, as Dr. Thompson pointed out, that many of us 
do not know that our anesthesiologists are giving these drugs and are 
changing the flora. They really do not know to tell us that because they 
are not aware that it is important to us. I appreciate your educating me 
about the pH. Thank you. 
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Multiple organ transplantation has come of age. Indications are 
that it will continue to grow, if not flourish. The complexity of 
modern surgical care, its multiperson dependency, and the need 
fer the surgeon to retain knowledge and involvement with his 
patient’s care and problems are nowhere more evident than in 
multiple organ transplantation. Each organ presents its own as- 
sociated challenges, the prime solution of which lies with a skillful 
and dedicated surgeon; but with all organs there are challenges 
of expectantly waiting patients, housing during the wait and for 
postoperative observation, procurement, erratic scheduling of the 
operating room, nursing, social service, immunosuppression, im- 
manopathology, interest of hospital public relations and of the 
news media, and perennial care. This report concerns the growth 
and development of the multiple organ transplant program at 
the University Health Center of Pittsburgh and describes some 
answers to the challenges presented. 


ULTIPLE ORGAN TRANSPLANTATION has come 

a long way and continues to grow. Sixty-nine 

per cent of our patients receiving cardiac 

transplants survive 3 years. The 3-year survival of those 

receiving livers is almost the same, and 90% of patients 

receiving kidneys can expect to live this long. In the case 

of kidneys, patient survival is better than graft survival, 
which is 75% at 3 years. 

Although renal transplantation was first performed in 
Pittsburgh in 1963 and sporadically thereafter, the modern 
program began in 1977, revived by the Urology service. 
A Transplant Organ Procurement Foundation was estab- 
lished and the program was funded by Medicare under 
Title XVII of the Social Security Act. In 1980, 45 kidneys 
were transplanted, all except two from cadavers. Two 
hearts were transplanted in that year, reviving a premature 
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start of cardiac transplantation that had been made in 
1968 but then abandoned for more than a decade. Im- 
munosuppression at that time included azathioprine, 
prednisone, and antithymocytic globulin. 

In 1981 hepatic transplantation was begun and cyclo- 
sporine became available as an experimental drug for liv- 
ers, kidneys, and hearts. The quantum step forward that 
occurred with introduction of this drug, probably as much 
as with any other single factor, was responsible for the 
growth of transplantation in our own and other centers. 
In the last 12 months at the University Health Center of 
Pittsburgh, 160 kidneys, 91 hearts, 11 with lungs, two 
lungs, 232 livers, and five pancreases were transplanted. 
The purpose of this report is to describe the development 
and organization of the program at the Health Center, 
with emphasis on administrative challenges peculiar to 
transplantation and our answers to them. 

Renal transplantation in the University Health Center 
was initially performed on the general surgical service. 
Never very active in the early days of transplantation, the 
program became inactive and was revived in 1977 on the 
urological service, under whose impetus and direction or- 
gan procurement was organized. As multiple organ trans- 
plantation grew, a Division of Transplantation was estab- 
lished to encompass the broader area of transplantation, 
especially in regard to research and education. Renal 
transplants are performed about equally by the transplant 
and urological surgeons, and heart, heart-lung, or unilat- 
eral lung transplants are performed on the cardiothoracic 
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service. Separation by organ is valuable for education and —~ 


research, but so is coordination of effort in the broad area 
of transplantation. In any community of moderate size, 
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there will be E meed for renal transplantation to 
~~ provide for both urological and general surgical services 
sufficient experience for education and training and to 
maintain skills. The accepted fact of using multiple organs 
from the same donor i is a strong reason for coordination 
of services. 
Transplantation has grown in the University Health 
Center of Pittsburgh almost beyond anyone’s expectation. 
As various elements were added, approval was. sought 
from the Trustees and the Administration. This approval 
was clearly needed i in 1980, at a time when the Secretary 
of Health and Human Services had’ ruled cardiac trans- 
plantation to be experimental, and Trustees of the Mas- 
sachusetts General Hospital had disapproved a recom- 
mendation that cardiac transplantation be performed in 
=~ «that hospital. Our own initial planning and expectations 
were too small in scope, as were those of administrators 
and trustees who were hesitant to overcommit until the 
need was demonstrated (Fig. 1). 

The initial crunch, and the, most persistent and pressing 
one, was in the operating room (OR) with Anesthesiology 
and Nursing Services. Similar problems faced both ser- 
vices, The prime determining factor in transplantation is 
the incalculably valuable donor organ, obtained from 
brain-dead, heart-beating donors. Neither procuremient 
nor transplantation operation can be scheduled electively. 
Most donor organs become available during evening or 
night hours. Certification of brain death usually is com- 
pleted during usual working hours, and only after oper- 
ations have been completed on patients will most oper- 
ating rooms be freed for removal of organs from brain- 
dead donors. Hence organs arrive for transplantation in 
late evening. More donors seem to be offered on weekends. 
In one way, performance of transplantation in odd hours 
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is desirable because it results in more complete around- 
the-clock use of costly hospital resources, but more anes- 
thesiologists, nurses, and staff are required.. 

The first response to this problem was to hire and train 
more personnel. Novelty of the work is ari attraction to 
personnel, but its complexity requires that additional tinie 
be spent in training. The physical and imental demands 
of operations that may extend for most of a day do not 
appeal to everyone, and risk of acquiring hepatitis is 
greater in this féld. The pace and demand of the wotk, 
ahd the longer and odd hours result in a greater turnover 
of some personnel. — 

Added to these problems is the urgency of operation, 
even in the case of a kidney, where cold ischemia is tol- 
erable for 48 hours. The shorter the ischemic interval, the 
better the transplant will function. Our desired limit of 4 
hours for a heart is largely consumed in transportation 
from most donor sites. Surgeons easily can imagine the 
consternation in the operating room when the supervisor 
is asked to add to the regular schedule an urgent operation 
on a donor, plus a cardiac or cardiopulmonary, liver or 
pancreatic; and two renal transplants—each in a different 
patient. This would not be possible without. cooperation 
and accomodation of surgeons on the involved services 
and, more importantly, on other surgical services. 

Expansion: of transplantation occurred at the time when 
more operations were being performed on ambulatory 
patients. This freed hospital beds for longer stays required 
for transplantation services, but this did not lessen the 
burden on ORs. A partial answer to the problem was 
opening a new OR for ambulatory patients and setting 
aside one room for emergency trauma and overflow when 
the nocturnal work of transplantation extends into the 
normal working hours. Three additional on-call surgical 
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nursing teams have been provided recently. Availability 
of ORs and OR personnel, however, continues to be a 
limiting factor. 

The intensive care unit (ICU) has borne the brunt of 
the growing program with little change except for addi- 
tional personnel. Out of date physically at the beginning, 
few changes have been made in the unit. Support has 
exemplified a Pittsburgh slogan, “Whatever it takes,” 
which arose when the Pittsburgh Steelers were consistently 
winning, often by a narrow margin. 

Closely related to the OR was an increased need for 
blood. There were no demands peculiar to transplantation 
except for a larger volume and the increased need for 
platelets and clotting factors for patients with clotting ab- 
nermalities who are receiving a hepatic transplant. Having 
equipment available in the OR to measure thromboelas- 
tograms has been helpful. Three per cent of approximately 
150,000 units of the blood processed by the Central Blood 
. . Bank of Pittsburgh is used for hepatic transplantation. 
Although in the past hepatic transplantation has required 
as many as 200 units of whole blood, the average use at 
present is approximately 20 units each of packed red cells, 
plasma, and platelets. This use presented a challenge and 
resulted in a greater use of blood than in other centers, 
but the effect has not been catastrophic to a highly sup- 
portive and efficient organization. 

Somewhat similar problems, caused by odd hours and 
increased volume of work, were faced by immunopathol- 
ogy. Tissue typing and crossmatching for antigens other 
than ABO of the red cells had not usually been done at 
night, but now is required. Additional personnel have been 
hired and more space is needed, for instance, to preserve 
sera for retrospective crossmatching and determination 
of reaction to a panel of antigens. 

Next in importance was a financial challenge. The So- 
cial Security Act provided payment to hospitals only for 
expenses directly related to renal transplantation, leaving 
to self-paying patients and other insurers many of the 
indirectly related costs of hospital care for renal trans- 
plantation. Surgical fees also are paid for renal transplan- 
tation. For transplantation of nonrenal organs, policies 
vary among Medicare, Medicaid in different states, and 
different insurers, but coverage is more common now than 
5 years ago. Most insurers require their approval in ad- 
vance. The hospital’s financial officer has determined 
whether the patient is eligible for benefits, as from Med- 
icaid, and whether the insurer will pay. 

Transplantation is still a costly procedure. We have 
learned to do the procedures well but have not yet learned 
the most economical way. Average hospital charges for 
an adult are $35,000 for renal, $92,000 for cardiac, and 
$115,000 for hepatic transplantation. For comparison, the 
average hospital charge for coronary artery bypass is 
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$42,634 including the medical work-up, $26,654 without 
it. Audited direct costs are about 61% of these charges. 

The program has not been a financial loss to the hos- 
pitals. Costs of renal transplantation have been slightly 
less than the federal allocation based on diagnostically 
related grouping. Collections for cardiac and hepatic 
transplantation have been less than fully allocatable costs 
but more than marginal costs. 

Although the Health Center Hospitals recognize an ob- 
ligation to citizens of the local community that supports 
it, this obligation is less toward residents of other states. 
Deposits sufficient to cover charges have been required 
by the hospitals and, as other services provide consulta- 
tions and charges, it has seemed best for the surgical busi- 
ness office to establish for some self-paying patients an 
escrow account for the entire amount of hospital and 
professional services. In advance of what appears to be 
coming with much of health care, and because extrarenal 
transplantation has not been universally performed, we 
(along with the hospitals) have been asked to contract 
with health maintenance organizations for transplantation 
services. This has been handled by the surgical business 
office. 

A major cause of complications and death in immu- 
nosuppressed patients is infection. Of the various con- 
sultants, we have relied most on those from the Division 
of Infectious Disease. Infections in transplanted patients 
are different. Viral diseases with minor symptoms are 
common and often progress rapidly. Prospective moni- 
toring serologically for toxoplasma and by culture for cy- 
tomegalovirus, herpes, and Epstein-Barr virus has been 
helpful. Legionella presents a risk that is peculiar to im- 
munosuppressed patients. Legionella is present in many 
water systems. It was cultured from two-thirds of our water 
fixtures 2 years ago. It can be controlled by superheating 
or by chlorination, but its presence must be monitored 
when immunosuppressed patients are exposed. After su- 
perchlorination, the fraction of positive cultures from our 
water fixtures fell to 1%. Although there is no evidence 
that Legionnaires disease has spread via drinking water, 
cardiac patients are provided with bottled water. Showers 
and exposure to aerosolized tap water are interdicted. 

Organ procurement is an integral part of, and is specific 
for, transplantation. Virtually all procurement agencies 
were founded on renal programs, funded by the End Stage 
Renal Disease Program of Medicare. The kidney is the 
most commonly transplanted organ nationwide and will 
probably remain so. In the Health Center as the multiple 
organ transplantation program grew, expenditures for 
kidney procurement fell from 100% in 1980 to 31% in 
1984 (Fig. 2), the difference due to increased procurement 
of hearts and livers throughout the nation, often by un- 
scheduled jet aircraft. Local corporations have been help- 
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ful in making planes available when not otherwise in use. 
The need and use of donors is nationwide and procure- 
ment must be a national effort. 


7 With the exception of hearts, organs can be transported 


—_ 


safely anywhere in the contiguous United States, some- 
times even via commercial airlines in the case of the kid- 
ney. Effective networks for matching and sharing of kid- 
neys have been developed by several regional procurement 
foundations. Similar programs exist for nonrenal organs 
under direction of the United Network for Organ Sharing 
and the National Association of Transplant Coordinators. 
The Congressional National Organ Transplant Act of 
1984 directed that an Organ Procurement and Transplant 
Network be established to maintain a list of individuals 
who need organs, to establish a national system to match 
organs and individuals (especially those who are difficult 
to match), to assist in distribution of organs that cannot 
be placed in the service areas of the organizations, and to 
adopt and use standards for acquisition and transporta- 
tion. Designation of one national network or coordination 
of several networks is needed for most effective use of this 
national resource. 

Procedures have been described for procurement and 
safe preservation of multiple organs from the same donor.! 
These techniques need to be standardized, as much as 
operations done by different surgeons can be standardized, 
in order to use and preserve safely all organs and even to 
permit a team to transplant an organ procured by another 
team. In most other centers, it is unusual for all organs 
to be implanted in the same hospital, but it is usually 
more economical to do so. 

Important elements of the program pertain to ambu- 
latory care. Because of immunosuppression, patients must 


‘be closely followed, especially soon after operation and 


discharge from the hospital. The importance of minor 


MULTIPLE ORGAN TRANSPLANTATION 





623 


E3 Hearts fg Livers 


Kidneys 


wateta e 
PS 





symptoms: and the uncertainty in the minds of patient _ 
and doctor lead to frequent, often unscheduled, visits. 
The expense of cyclosporine and prednisolone add to the 
patient’s problem. Surgeons are responsible for most of 
the ambulatory care and follow-up with consultations as 
needed. This would not be possible without the assistance 
of nursing specialists and nurse coordinators. Nonetheless, 
the problem of extra-hospital care of the large group of 
immunosuppressed patients is almost overwhelming. 

Whether at home or in Pittsburgh, patients and families 
must be available on short notice ifa suitable donor organ 
becomes available. Most candidates reside at home; some 
will need to carry portable paging units. Patients need a 
great deal of emotional support because of the severity of 
their illness and the uncertainty of their future. Social 
Service has been helpful and instrumental in providing 
support and helping patients and families with social as- 
pects of their disease. They have been able to obtain special 
consideration from USAir for patients who need frequent 
or emergency air transport, and they have served as an 
advocate for patients who are unaccustomed to negoti- 
ating with insurance organizations for coverage. 

Early in the development of the program, housing for 
patients and families presented a challenge. Impressed 
with the advantages of Ronald McDonald House for chil- 
dren, especially those with cancer requiring prolonged care 
at Children’s Hospital of Pittsburgh, and with the help of 
interested friends and corporations, a Family House was 
established. Two adjacent houses in the neighborhood of 
the Health Center were purchased, renovated, and joined 
to provide 31 bedrooms, living room, and a do-it-yourself 
kitchen for use by patients or their families. Both financial 
and emotional stresses thereby have been alleviated. 
H. J. Heinz Company is considering providing assistance 
in similar projects at other centers. 


" 
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Public relations, especially those with the news media, 
have been important. Public interest in transplantation 
has been persistently high. Since a number of patients 
have been supported by their local community, by dona- 
tion of blood if not financially, there has been unusual 
local hometown interest. Appropriate communication 
with the public has been especially important, however, 
by enhancing the donor program, the critical limit to 
transplantation at present. Donation has been seized as a 
worthwhile project by national organizations such as Ro- 
tary International, Junior League, and, among students, 
Mortar Board. Westinghouse and KDKA-TV have gone 
beyond the news to produce the nationally aired Second 
Chance as a public service to emphasize the need and 
importance of organ donation. As transplantation be- 
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comes more common, clamor for news by reporters 
should diminish, but it is likely that donation of an organ 
to turn one person’s misfortune and loss of life to another’s 
good furtune and new chance for life will always be of 
public interest. 

As an academic center, surgeons and many of the con- 
sultants have been challenged by the many opportunities 
for investigation. That is our greatest challenge, to assure 
that multiple organ transplantation, which offers hope to- 
day, gives more certainty of success tomorrow. 
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DISCUSSION 


DR. ARNOLD G. DIETHELM (Birmingham, Alabama): I would like to 
thank Dr. Bahnson for the opportunity to review his manuscript and to 
think about some of the many features that he put forth to us today. 

} would like to comment on just a few aspects of the paper. First, if 
the allograft rejection process could be controlled by whatever means, 
cyclosporine or a new drug not yet identified, the lack of organs would 
become the major obstacle to transplantation in the treatment of patients 
with renal failure. 

There are at least three important aspects to the present organ shortage. 
One is the lack of well organized procurement programs. This deficiency 
is at the local, statewide or multistate programs. The local-state program 
will always be necessary regardless of national organ procurement pro- 
grams. 

The second obstacle is the need to improve patient education just as 
Dr. Bahnson indicated, and the third obstacle is a little bit painful to 
meation, but it is physician apathy. It is the apathy of the physician who 
does not wish to be in the position of having a deceased patient and 
having to make a decision to ask the patient's family for permission to 
turn off the ventilator. 

Fortunately, none of us has to do this very often, but, if all of us would 
dea! with this issue when it occurs, the number of potential organs would 
increase. 

Dr. Bahnson and his colleagues have directed their attention towards 
muiti-organ procurement. This isan important concept because at present 
most of the emphasis has been on the removal of kidneys. However, if 
one can remove the kidneys, why not the heart, the liver, the pancreas, 
bone, etc., as Dr. Bahnson has clearly indicated, recognizing that age 
may preclude some patients from donating certain tissue and organs 
suck as hearts, aortic valves, etc. 

The Foundation for a strong organ procurement program now, and 
I believe for the foreseeable future, will remain in the area of renal trans- 
plantation. That is where the need is, and that is where the patients are. 
If one has a strong renal procurement program, the procurement of 
other organs will follow. 

I would like to show two slides, if | may, to indicate our own devel- 
opment in this area. 

(Slide) In our own institution we have developed the Alabama Regional 
Organ Bank. This program interacts with 45 different hospitals in several 
states. 

You can see that in the calendar year of 1982 we procured eight hearts 
and in 1985, as of November 1. we procured 39 hearts. We procured 
three livers in 1983, two in 1981, and one in 1985. We obtained aortic 
valves for cardiac use in 1983—65, 1984-113, and 1985-168. In ad- 
ditien, various pieces of bone etc. from the iliac crest were also obtained. 
Thus, the organ bank is no longer a renal organ procurement program. 
but, in fact. it is a multiorgan procurement program. 


Our organ bank interfaces with a number of extrarenal teams. As you 
can see, Pittsburgh has visited Alabama on eight different occasions. 
Surgeons from Memphis, Medical College of Virginia, Nashville, Dallas, 
Duke, Houston, Louisville and lowa City have also interacted with our 
organ bank. 

It is clear that now we are no longer really talking about renal trans- 
plantation but multiorgan procurement and that is clearly the key for 
the growth and development of transplant programs around the country. 

| would like to ask Dr. Bahnson and colleagues two questions. First, 
you mentioned rather briefly the upper time limit for cardiac ischemia 
was 4 hours. How comfortable are you with 4 hours? Do you feel that 
you can exceed that time limit? I realize the shorter the ischemic time, 
the better, as you indicated. 

The second question is: How concerned are you about the young heart 
beating cadaver donor candidate who requires a catecholamine support 
drip, in regard to its effect on cardiac performance after transplantation? 


Dr. E. STANLEY CRAWFORD (Houston, Texas): Dr. Bahnson and his 
associates are to be congratulated for developing a multiorgan transplant 
service to maximize use of available individual organs to benefit the 
maximum number of patients. At this time, based on a theoretical 5- 
day work week, they are procuring, harvesting, and transplanting about 
two organs each day, half kidneys and half livers, hearts, or heart and 
lungs. Most would agree that this is a Herculean effort that would consume 
the time and energies of most; but this group not only has a good in- 
hospital training and research program, but has been most generous in 
sharing their experiences with others who desire to introduce or improve 
this field at their own hospitals. 

Each individual member of the team deserves to be congratulated for 
his part in this effort; but I think that Dr. Bahnson deserves special 
recognition for his vision for such a progam and his administrative and 
political skills in putting things in place. Consider the problems he may 
have had in selling the idea to the university, mobilizing the cooperation 
of other departments such as anesthesia, blood bank, cardiology, ne- 
phrology, and immunology. It could have been tough going when he 
asked his other surgical colleagues (orthopedists, general surgeons, neu- 
rosurgeons, etc.) to give up operating time as well as recruiting necessary 
talent. The ultimate was getting community acceptance and cooperation. 
This was an enjoyable presentation, and I think that it will prove correct 
to state that the success of this effort will be the crowning achievement 
in what already has been a distinguished career for Dr. Bahnson. 


Dr. JoHN C. MCDONALD (Shreveport, Louisiana): These are exciting 
times in transplantation, and we are indebted to Dr. Bahnson for bringing 
to our attention the enormous logistic problems in the development of 
a really major multiple organ transplantation program. You can imagine, 
however, that as nonrenal organ transplantation procedures become ev- 
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eryday operations in many different institutions, the stress placed on 
organ procurement efforts increases. Dr. Starzl had asked that I bring to 
your attention the efforts of the Southeastern Organ Procurement Foun- 
dation (SEOPF) and the United Network for Organ Sharing as a devel- 
opment to answer some of these problems. 

SEOPF began as a brainchild of Drs. David Hume and Bernard Amos 
„some 18 years ago, within a few years involved some six mid-Atlantic 
. States, and in the subsequent 15 or 16 years has grown to include some 

50 centers in the region roughly covered by the Southeastern Surgical 

Association, that is, the area from which most of its fellows come. 

SEOPF conceived of and developed the programs for computerized 
matching and established standards for organ procurement, the quality 
of organs, tissue typing, organ preservation, and transportation. Some 5 
years ago, as a stepchild of SEOPF, there was developed the United 
Network for Organ Sharing, which was intended to be a national orga- 
nization covering all of the transplant recipients all over the country. 
That organization was subsequently adopted by the American Society 
of Transplant Surgeons and now involves almost all transplant centers 
in the country. ? 

The technology is now available to get the appropriate organ to the 
appropriate donor throughout the country. Why is this important, and 
why did Dr. Starzl want me to bring it to your attention? 

As Dr. Bahnson has mentioned, in the past 18 months a National 
Transplant Act was passed by Congress that envisioned such a national 
distribution center. A task force was appointed to look into the devel- 
opment of that organization. Unfortunately, that task force is comprised 
of about 20 people, only five of whom, if my memory serves me cor- 
rectly-—4 or 5-—are transplant surgeons. That task force will be reporting 

y- to Congress soon and seemingly has developed the attitude that this is 
/ much too important a matter to be left to physicians. 
I bring it to your attention because there are going to be some important 
issues settled in the coming year abut the organization, the control, and 
‘ the operation of organ procurement and organ sharing in the country. 
If your transplant surgeons come to you in the next year and ask for 
help, please give them your time and influence. In times of rapid change, 
there are obviously opportunities for good things to happen. There are 
also opportunities for bad things to happen, and we do not wish this 
effort to become involved in political or secondary issues. It needs to be 
retained within the control and at least the majority participation of the 
scholars in the field who have worked so long to make it a reality. 
Thank you. 


Dr. MITCHELL GOLDMAN (Knoxville, Tennessee): As you might 
wonder why a fellow from East Tennessee, little Knoxville, might follow 
the largest transplant services in the country, it is simply to rise to con- 


—.4.. gratulate Dr. Bahnson on his excellent demonstration of how it should 


be done. 
In 1980, we founded the International Society for Heart Transplan- 
tation. There were 20 members at the first meeting. Last year, there were 
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300 members of the Society, and from five transplant centers in cardiac 
transplantation they now have proliferated to 62 transplant centers in 
the country. 

This means that some transplant centers are transplanting hearts, some 
kidneys, some hearts and livers, some livers and kidneys and pancreas, 
bone, eyes, and other organs. As you have discovered, the need for organs 
is great in this country, and Dr. Bahnson has demonstrated that not only 
can a transplant center do well, but it can increase the supply of organs 
by merely its presence and its good results. I think that is very important. 

Do you feel that the concept of a multiple organ transplant center, as 
opposed to a smaller single organ transplant center, is the most cost 
effective and, perhaps, the best way of going with respect to results, and 
if it is the most cost effective way, have you been able to demonstrate 
over time that the costs have actually been able to be decreased? 


Dr. BARTLEY P. GRIFFITH (Closing discussion): Thank you very much 
for the kind remarks of the discussants. 

First, Dr. Crawford. I certainly would agree, as one of the minions in 
Pittsburgh, that Dr. Bahnson should wear a crown. Those of you who 
know him would realize that he would never accept such an ornament. 
He seems to make challenges the mundane, and it is certainly nice to 
be sucked along in the vacuum of his currents. 

With respect to Dr. Diethelm, we are very much aware of the Alabama 
Regional Organ Bank and its fine work. It is nice to see Alabama increase 
its transplant activities, and we certainly wish them success. 

The specific answer to his question with respect to cardiac donation, 
I think that the magic 4-hour limit for ex-vivo preservation can be ex- 
ceeded. We have done so on a number of occasions with good results. 

We cannot correlate survival or even early function of cardiac grafts 
to ischemic times. We believe that more than 10 micrograms per kilogram 
per minute of dopamine is a dangerous level. Below that we are less 
concerned. 

With respect to Dr. McDonald, thank you for your kind remarks. We 
do believe that whatever system is formulated by the United States, it 
should be physician controlled, and I believe that UNOS is the model 
for that. 

With respect to Mitch Goldman, multiple organ transplant centers 
certainly are appealing because of the potential for cost saving with respect 
to organ procurement. The lack of necessity of six or seven jets arriving 
in the same locale, each going a different direction, is certainly, as I said, 
appealing, but it is a little difficult to go against the fine examples such 
as Stanford, which does not have a kidney transplant program but has 
led the world in cardiac transplantation. Thus, I think that each area 


_ will develop its own methods and madnesses, if you will. 


We have shown cost savings of procurement because of the multiple 
organ transplantation, and I think the clinical and research activities 
certainly have benefited from the ongoing interactions between the liver, 
kidney, heart, and lung groups. 

Once again, I would like to thank you very much for the kind response 
you gave Dr. Bahnson. 
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Reported are eight patients with idiopathic chronic pancreatitis 
and two patients with alcoholic pancreatitis who had near total 
distal pancreatectomy for disabling pain and underwent simul- 
taneous segmental pancreatic autotransplantation of the body 
and tail of the gland to the femoral area in an attempt to prevent 
or delay the onset of diabetes. The median follow-up period was 
31 months, and follow-up study in nine patients ranged from 24 
to 54 months. Patency of the grafts was determined by angiog- 
raphy and selected percutaneous venous assays for insulin. Islet 
cell function was determined by oral glucose tolerance tests, in- 
travenous (I.V.) glucose tolerance tests, and I.V. glucagon stim- 
ulation studies. Segmental autotransplantation was technically 
successful in eight patients, only one of whom required insulin 
(at 2 years after grafting). The other seven patients with tech- 
nically successful grafts have remained insulin independent, in- 
cluding two patients who later underwent pyloric preserving 
pancreatoduodenectomy for completion pancreatectomy. Variable 
pain relief was observed in patients who underwent near total 
pancreatectomy, but pain was unrelieved in those patients who 
underwent limited distal resection. Patients with idiopathic pan- 
creatitis appear to have better pain relief and preservation of 
endocrine function than alcoholic patients. Segmental pancreatic 
autotransplantation prevents or delays the onset of diabetes mel- 
litus and should be considered as an alternative for those patients 
who require extensive pancreatic resection for chronic pancre- 
atitis. 


HE SURGICAL MANAGEMENT of chronic pancre- 
atitis has achieved limited results. Extensive pan- 
creatic resection has been performed in patients 

with disabling pain and a pancreatic duct of small di- 
ameter and in patients in whom previous ampullary pro- 
cedures or decompressive ductal operations have failed. 
The exocrine and endocrine insufficiencies and high 5- 
year mortality rate that often result from extensive pan- 
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creatic resection have been major deterrents to its use in 
the management of chronic pancreatitis.'“* Diabetes is 
estimated to develop in 80% of patients who undergo near 
total (7.e., 80-95%) distal resection?’ and in all patients 
who undergo total pancreatectomy.' We present our ex- 
perience with ten patients who underwent extensive pan- 
creatic resection and autotransplantation of the body and 
tail of the gland to the femoral vessels after occlusion of 
the pancreatic duct. This technique achieved a denervated 
and vascularized graft with functioning islet cells in an 
attempt to prevent or delay the onset of diabetes. 


Materials and Methods 


Candidates for this procedure were assessed by mem- 
bers of the Departments of Gastroenterology and Surgery, 
Lahey Clinic. When a pancreatogram was unavailable, 
retrograde pancreatography was performed. 

Preoperative and postoperative islet cell function was 
studied in our early experience using oral glucose tolerance 
tests. Intravenous (I.V.) glucose tolerance tests and glu- 
cagon stimulation studies with determination of serum 
glucose, insulin levels, and C-peptide levels were used in 
the latter part of our experience. The clearance of glucose 
(k value, expressed in per cent per minute) after an I.V. 
glucose tolerance test was used as an index of beta cell 
function. Intravenous glucose tolerance tests and glucagon 
stimulation studies usually were performed by the De- 
partment of Research, Joslin Diabetes Center. The dose 
of dextrose for the I.V. glucose tolerance test was 0.5 g/ 
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kg of body weight infused over a 3-minute period; samples 3 ao 

were drawn at 0, 1, 3, 5, 10, 20, 30, 40, 50, and 60 minutes E 3 Ž z sh 
after the end of the glucose infusion. For the glucagon EE $ 

stimulation study, a dose of 1 rag (courtesy of Dr. John £ | 

A. Galloway, Eli Lilly and Company, Indianapolis) was 

‘administered intravenously. z Bz 

Patency of the grafts was assessed by Doppler studies, £ 2 E 2 
technetium flow scans, femoral angiography, and digital E EE 
subtraction angiography. Production of insulin by the graft 
was determined by insulin assays of simultaneous per- 7 
cutaneous selective blood samples from both external iliac Sis Ss 
veins. These were obtained under fluoroscopic control =| 
using the Seldinger technique. 

The operative technique, which has been presented l er ee. 
elsewhere,** basically consisted of an extensive 90-95% ` £ $5 $s 
distal pancreatic resection with autotransplantation of x 3 3 8 3 
only the body and tail of the pancreas (7.e., about 50% of å 2) ge” 2 F = 
the gland) to the femoral area by anastomosis of the splenic Š l 
vessels to the common femoral vessels. The graft was š 
placed in a subcutaneous pocket. A small rim of pancreatic 3 Mis 4 g ZF 
tissue was left attached to the duodenum to preserve the ž &| £58888 
common bile duct and duodenal blood supply. The re- $ E SE 
mainder of the excised gland was submitted for light and = 
electron microscopic pathologic studies. The pancreatic = 7 
duct was ligated and injected with 1.0- to 2.5-ml neoprene. § E 
An arteriovenous fistula between the distal splenic vein Š £ S z s 
and the splenic artery was constructed in selected patients S 
with small pancreatic grafts. Our experience with the first Š 
three patients was reported elsewhere.® 3 Bee É; : 5 

a JE EE 
esults a Ores 

Ten patients (6 women and 4 men) underwent seg- È 
mental pancreatic transplantation for chronic pancreatitis Š ag ; 
at Lahey Clinic. The median follow-up period has been < £ S ž =: 

-= 31 months (range: 5-54 months); the minimum follow- a aa 
up period in nine of these patients has been 2 years. The £ 
median age was 34 years (range: 23-65 years). Alcoholism ga 
was the cause of pancreatitis in two patients. Of the eight tg E| 2 
patients with idiopathic pancreatitis, one had an associated z 3 2 
pancreas divisum. Seven patients had undergone 13 pre- Sst g za 
vious pancreatobiliary operations, of which sphinctero- E| T 1a 
plasty was the most common (5 cases). Pancreatic en- j Ba 
zymes were administered before operation to three pa- 
tients for exocrine insufficiency. All patients were disabled Z on 
and used narcotics. E Z >> 

The results are summarized in Table 1. The procedure 
was technically successful in eight patients (80%). Removal 
of the graft was required in two patients (20%) at 7 and Ši g aa 
9 days, respectively, because of graft necrosis presumed 3 i == 

~ to result from vascular thrombosis. 

~ Ofthe two technical graft failures, the patient who had 
a 90% distal resection required 10 U of NPH Insulin®. 3 s| = nen 
On the other hand, the second patient with graft failure ao 
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underwent only 60% distal resection (to the superior mes- 
enteric vessels) and is insulin-independent. although re- 
sults of glucose tolerance tests are abnormal. 

Of the eight patients with technically successful grafts, 
only one required insulin. This patient continued alcohol 
abuse. Histologic examination of the pancreatic specimen 
at the time of resection and autotransplantation showed 
severe fibrosis and absence of pancreatic acinar tissue and 
suggested decreased islet cells. Insulin was necessary 2 
years later. The other seven patients are insulin-indepen- 
dent, including two who underwent a pyloric preserving 
pancreatoduodenectomy at 45 months and 4 months, re- 
spectively, for recurrent pain after distal resection and 
autotransplantation. These two patients have been fol- 
lowed for a total of 54 months and 24 months, respec- 
tively, after pancreatic grafting. The second patient with 
alcoholic pancreatitis also continued alcohol abuse. Al- 
though he was insulin-independent throughout the 27- 
month follow-up period, the results of oral glucose tol- 
erance tests deteriorated considerably. 

A 60% distal resection (to the superior mesenteric ves- 
sels) failed to relieve pain in the two patients in whom 
the procedure was performed. In the patient with a 60% 
distal resection in whom the transplant succeeded, pain 
was successfully treated by completion abdominal pan- 
createctomy using the pyloric preserving pancreatoduo- 
denectomy technique. The patient with the 60% distal 
resection in whom the graft failed requires narcotics (i.e., 
methadone). These two patients initially were treated with 
a limited resection to avoid diabetes at a young age (i.e., 
23 years) if the graft failed. If pain recurred, completion 
pancreatectomy could be performed if the graft was func- 
tioning. 

Patients with a 90-95% distal resection had variable 
degrees of pain relief relative to their preoperative status 
as described in the case reports. One patient in this group 
had pain recurrence 2 years after a 90% resection. She 
had a functioning graft, and pain resolved after completion 
pancreatoduodenectomy. She remains insulin-indepen- 
dent 54 months after autotransplantation. 

Two patients have had mild groin discomfort on ex- 
ertion in the late postoperative period, but this does not 
interfere with activities. In one other patient, the groin 
discomfort, which has been moderate, responded to short- 
term corticosteroid therapy prescribed by her local phy- 
sician. 

Operative complications occurred in eight patients. 
Pancreatic graft fistula, the most common, occurred in 
six patients. These low output fistulas closed sponta- 
neously in all patients by 5 weeks, except in one patient 
who had recurrent drainage for 8 months. In the latter 
patient, an attempt to reinject the pancreatic duct with 
neoprene failed. 

Two patients required re-exploration of the groin in 
the immediate postoperative period, in one case because 
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of bleeding from the transected border of the pancreatic 
graft and in the other because of a bleeding point in the 
tail of the pancreatic graft. 

Two patients had groin infections. In one of these an 


abscess was successfully drained with the patient under _ 


local anesthesia, and pancreatic graft function was pre- 
served. In the other patient an infection resulted from 
graft necrosis, necessitating removal of the graft (with 
femoral artery vein patch angioplasty and rotation of the 
sartorius muscle over the femoral artery) on the ninth 
postoperative day. One patient required abdominal ex- 
ploration in the immediate postoperative period because 
of abdominal bleeding. 


Case Reports 


The patients in whom the autotransplantation was 
technically successful are discussed (patient numbers refer 
to cases as presented in Table 1). 


Patient 1 


A 50-year-old, nonalcoholic woman began, in 1979, to experience 
episodes of acute pain in the upper abdomen accompanied by elevation 
in the level of serum amylase (i.¢e., 3000 IU/dl). In October 1979, she 
underwent sphincteroplasty of the sphincter of Oddi and the duct of 
Wirsung. Symptoms, which recurred 2 months later, led to hospitalization 
every 2-3 months, disability, and use of narcotics. 

In May 1981, an 80-95% distal pancreatectomy was performed with 
segmental autotransplantation and construction of an arteriovenous fis- 
tula. Pathologic studies of the specimen confirmed focal chronic pan- 
creatitis. 

Angiography demonstrated patency of the graft vessels | year after 
operation, and at that time the insulin ratio between the transplanted 
and nontransplanted external iliac veins was 2.3:1. Biopsy of the pan- 
creatic graft at 12 months disclosed the absence of acinar tissue, fibrous 
obliteration of the parenchyma, ductal structures containing polymer, 
and inflammatory reaction with giant cells, but abundant islet cell tissue 
was present with generally good structural preservation. Two years after 


operation, the pain recurred. In January 1985, 44 months after auto- 


transplantation and after confirmation of graft function by angiography 
and percutaneous selective venous assays of both external iliac veins 
(insulin ratio, 2:1), a completion abdominal pancreatectomy using a 
pyloric preserving pancreatoduodenectomy was performed. The pan- 
creatic remnant weighed 30 g. Pain has resolved, and the patient remains 
normoglycemic 54 months after autotransplantation. She does not use 
narcotics, has no groin problems, and maintains normal weight. Steat- 
orrhea is controlled with pancreatic enzymes, e.g., pancrelipase (Pan- 
crease®), 

The patient remains normoglycemic. Results of oral glucose tolerance 
tests, which are presented in Figure 1, revealed a late reactive subclinical 
hypoglycemia, especially after completion pancreatoduodenectomy. A 
rapid I.V. glucose tolerance test was performed 10 days after completion 
pancreatoduodenectomy (44 months after grafting). The rate of glucose 
disappearance was abnormally low, showing a k value of 0.68%/minute. 
The basal C-peptide level was normal (0.25 pmol/ml). The serum insulin 
level, which was 8 U/ml before glucose infusion, had increased to 28 
uU at the |-minute time interval. Seven months after completion of 
pancreatectomy (51 months after grafting), the glucose disappearance 
tate was 1.32%/minute (within the normal range). The basal C-peptide 
level of 0.55 pmol/ml increased to 0.73 pmol/ml | minute after glucose 
infusion and showed a maximum value of 1.03 pmol/ml 20 minutes 
after administration of glucose. 
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Patient 2 

A 33-year-old man, an alcoholic and drug dines who had previously 
undergone sphincteroplasty, pseudocyst gastrostomy, and three proce- 
dures for pancreatic sepsis, presented to us after a 13-month hospital- 
ization for chronic arid disabling pain and inability. to eat. Pancreatic 
enzymes were required, 

A 90-95% distal pancreatectomy with segmental autotransplantation 
was ‘performed i in April 1982. Pathologic studies of the operative specimen 
showed marked -fibrosis with absence of pancreatic acinar tissue and 
suggested decreased islet cell tissue. 

Preoperative oral glucose tolerance tests stiowed a fasting serum glucose 
level of 112 mg/dl; the !-hour valué was 153 mg/dl; 2 hours, 155 mg/ 
di; and 3 hours, 108 mg/dl. At 11 months efter operation, the fasting 
level of serumi glucose was 98 mg/dl; 1 hour, 200 nig/dl; 2 hours, 160 
mg/dl; and 3 hours, 110 mg/dl. At 4. months, a percutaneous selective 
venous assay showed the insulin level ratio to be 8:1 betweén the éxternal 
iliac vein on the transplanted, side and that on the nontransplanted side. 
Biopsy of the pancreatic graft at 4 months showed findings similar to 
those in patient 1. Exogenous insulin was’ required at 23 months after 
operation. At 41 months, he uses 20 U of NPH Insulin per day. Although 
pain after resection and autotrinsplantation was improved over that i in 
the preoperative period, the patient continued abuse of drugs and alcohol 
and antisocial behavior. Hospitalization has been required to control 
the diabetes and for presumed recurrent abdominal pain. 


#” Patient 3 


A 34-year-old rian who had a history of alcoholism and a 1-year 
history of upper abdominal and back pain associated with hyperamy- 
lasemia had required seven hospitalizations.- He had had a 15-pound 
weight loss, could tolerate only a liquid diet (i.e., Sustacal®, Carnation 
Breakfast), and was taking narcotics. .. 

A 90-95% distal pdncreatectomy with segmental dinctraiiéatatitation 
was performed. At completion of the transplantation, levels of insulin 
were considerably higher in the external iliac vein on the transplanted 
side as compared with the noniransplanted side, veria cava, and portal 


- vein.’ Pathologic’ studies of the specimeni disclosed acute arid chronic 


pancreatitis, He had recurrent pancreatic graft fistulas for 8 months. At 
4 months, attempted reinjection of neoprene into the pancreatic graft 
duct failed. Pain improved, but intermittent administration of oxycodone 
hydrochloride and acetaminophen (Percocet*) was necessary. The patient 
tolerated a normal diet, gained weight, and became active. Hè remained 
insulini-independent, but results of oral glucose tolerance tests deteriorated 
progressively (Table 2), The patient committed suicide 27 months after 
operation. In the 27-month follow-up périod, only one hospitalization 


. was required for abdoininal pain after heavy consumption of alcohol 


as compared with seven hospital admissions in the year before operation. 


Patient 6 


_ A 34-year-old, nonalcoholic woman with a 10-year history of abdom- 
inal pain and mild elevation in the level of serum amylase (400 IU/d1) 
underwent sphincteroplasty in 1982. Syiptoms failed to improve, and 
the patient became disabled and required narcotics. She was not diabetic 
and did not have steatotrhea. Retrograde pancreatography showed pan- 
creas divisum. 

In April 1983, a 90% pancreatectomy and segmental autotransplan- 
tation with construction of an arteriovenous fistula was performed. 
Pathologic examination of the specimen disclosed periductal and inter- 
stitial fibrosis consistent with chronic pancreatitis. Arteriography dém- 


>> onstrated that the graft vessels and the arteriovenous fistula had remained 


patent. Selective venous assays for insulin performed on the fifth post- 

operative day showed a ratio of 6:1 between the external iliac vein on 
the transplanted side and that on the nontransplanted side. At 21 months 
the ratio was 2:1. The patient is currently active, employed, and free of 
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Fic. 1. Patiènt 1, results of oral glucdse tolerance tests. 


pain. A stable weight has been maintained, and minor pain medications 
are required only rarely: Steatorrhea i is controlled with pancreatic en- 
zytiies, and she is insulin-independent 31 months after autotransplan- 
tation. Results of oral ghicose tolerance tests are shown iri Table 3. 

A rapid L.V: glucose tolerance test was perforined 21 months after 
operation. The fasting serum glucose level was 73 mg/dl, and the glucose 
disappearance rate was normal (2.91%/min). The basal insulin level was 
8 U/ml: 1 minute after the infusion of glucose over a 3- minute period, 
the insulin level had risen to 27 U/ml. The peak insulin- level of 46 pU/ - 
ml was noted at the 10-minute time interval. Serum C-peptide before 
glucose administration was 0.33 pmol/ml. One minuite after the end of 
the glucose infusion, this was 0.98 pmol/ml. The peak C-peptide level, 
which occurréd 20 minutes after the end of the glucose infusion, was 
1.28 pmol/ml. 


Patient 7 

A 33-year-old, nonalcoholic woman with a 2-year hist&ry of abdominal 
pain aid pancreatic calcifications had been hospitalized on multiple oc: 
casions. Total parenteral nutrition was required frequently. Before referral 
to the Lahey Clinic, she had been hospitalized for a continuous 2-month 
period. She was disabled and used narcotics. 


TABLE 2. Results of Oral Glucose Tolerance Tests, Patient 3 


Postoperative 
7 Preoperative 1 Month 10 Months 
Test (mg/dl) (mg/dl) (mg/dl) 
Fasting 105 94 108 
1 hour’ 176 156 221 
2 hours 153 106 250 
3 hours 74 76 ; 202 
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TABLE 3. Results of Oral Glucose Tolerance Tests, Patient 6 





Postoperative 








Preoperative | Month {f Months 21 Months 31 Months 
Test (mg/d!) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 
Fasting 69 142 100 91 98 
| hour 200 198 142 113 155 
2 hours 95 138 115 106 98 
3 hours 65 106 46 50 55 





In June 1983, the patient underwent a 90-95% distal resection with 
segmental autotransplantation, Pathologic study confirmed the diagnosis 
of chronic pancreatitis. Pain, which was considerably relieved, necessitates 
occasional use of oxycodone hydrochloride and acetaminophen. She is 
able to tolerate a normal diet, steatorrhea is controlled with pancreatic 
enzymes, and weight has been maintained. Lysis of adhesions for bowel 
obstruction was required. In the 27-month follow-up period, she had 
one hospitalization for transient abdominal pain. The patient is insulin- 
independent. The results of oral glucose tolerance tests are presented in 
Table 4. 


Patient 8 


A 48-year-old, nonalcoholic woman presented with at least a 10-year 
history of chronic abdominal pain. Elevations in the serum amylase level 
were as high as 700 IU/dl. Three to four hospitalizations per year were 
required, with nine admissions in the year before referral to the Lahey 
Clinic. She was disabled and required narcotics. Results of oral glucose 
tolerance tests were borderline (fasting, 95 mg/dl; 1 hour, 168 mg/dl; 2 
hours, 242 mg/dl; 3 hours, 69 mg/dl). 

In November 1983, she underwent a 90-95% distal resection with 
autotransplantation. Pathologic study of the specimen confirmed chronic 
pancreatitis. Pain has markedly improved, the patient has returned to a 
normal life-style, and occasional use of propoxyphenene napsylate and 
acetaminophen (Darvocet-N®) is needed. In the 24 months of follow- 
up study, only one hospitalization has been required in contrast to the 
nine hospital admissions in the year before operation. Mild to moderate 
groin discomfort was successfully treated by this patient’s local physician 
with a brief course of orally administered corticosteroid therapy. She has 
remained insulin-independent throughout the 24-month follow-up pe- 
riod. Results of L.V. glucose tolerance tests are shown in Figure 2. Figure 
3 shows and compares serum insulin responses after I.V. glucose tolerance 
and I.V. glucagon tests performed | day apart at three different post- 
operative intervals. A slow and gradual elevation of serum insulin after 
glucose administration can be observed in all instances. The more recent 
test shows a greater increment of insulin than earlier tests. The serum 
insulin response to glucose is usually devoid of any so-called early-phase 
insulin release. In contrast, all of the I.V. glucagon tests show a small 
but appreciable early-phase insulin release. The last I.V. glucagon test 


TABLE 4. Results of Oral Glucose Tolerance Tests, Patient 7 





Postoperative 








Preoperative 2 Weeks 22 Months 
Test (me/dl) (meg/di) (mg/d) 
Fasting 101 90 61 
t12 hour 96 144 — 
1 hour 104 143 104 
2 hours 104 126 68 
3 hours 96 59 96 
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FIG. 2. Patient 8, results of intravenous glucose tolerance tests. 


shows a substantial early-phase release and a persistence of serum insulin 
levels after glucagon administration not unlike that observed in normal 
healthy control populations. The islet cell antibody was negative in this 
patient (indirect immunofluorescence method courtesy of Dr. G. S. Ei- 
senbarth), 


Patient 9 


A 23-year-old, nonalcoholic woman presented with a history of ab- 
dominal pain since childhood. Since age 21, abdominal pain and ele- 
vations in serum amylase (700-1000 I[U/dl) had necessitated multiple 
hospitalizations. Total parenteral nutrition was required. Past history 
included glucose intolerance. In March 1983, she underwent cholecys- 
tectomy, sphincteroplasty of the major and minor papillae, and pancreatic 
biopsy. The latter confirmed a diagnosis of chronic pancreatitis. The 
patient’s condition failed to improve, and she was referred to the Lahey 
Clinic in November 1983 after 64 months of hospitalization throughout 
that year. She required large doses of narcotics and was disabled. She 
had lost weight and was receiving parenteral nutritional support. 

Because of her young age, only 60% distal pancreatectomy with seg- 
mental autotransplantation was performed. Pathologic studies disclosed 
marked periacinar fibrosis and ductal ectasia. Pain was persistent. Four 
months after operation and after confirmation of patency of the graft by 
arteriography and determination of insulin production by percutaneous 
selective venous sampling (insulin ratio of 3:1 between the transplanted 
and nontransplanted external iliac veins), she underwent a pyloric pre- 
serving pancreatoduodenectomy for completion pancreatectomy. The 
remnant of pancreas weighed 24 g. 

Pain improved considerably, and the patient returned to an active 
lifestyle and employment. Hospitalization has not been required for 20 
months since the completion pancreatoduodenectomy. She remains in- 
sulin-independent 24 months after autotransplantation and does not use 
narcotics. Results of I.V. glucose tolerance tests are shown in Figure 4. 

Five weeks after distal resection and autotransplantation, a rapid L.V. 
glucose tolerance test showed a glucose disappearance rate of 1.02%/ 
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minute. The basal insulin level was 9 «U/ml, and 1 minute after the 3- 
minute glucose infusion the serum insulin had increased to 22 nU/ml. 
The serum insulin level declined somewhat and at 60 minutes had 
Pa achieved a zenith of 40 „U/ml. An I.V. glucagon tolerance test showed 
a basal insulin level of 14 „U/ml; 1 minute after the 3-minute glucagon 
infusion, serum insulin had risen to 27 „U/ml and at 10 minutes had 
peaked at 39 „U/ml, with a subsequent decline to 26 «U/ml 60 minutes 
after glucagon administration. Further I.V. glucose tolerance tests were 
performed. Although 4 months after autotransplantation (3 weeks after 


completion pancreatectomy) the glucose disappearance rate was reduced ` 


to 0.76%/minute, the basal serum insulin level of an LV. glucose tolerance 
test was 13 «U/ml, with serum insulin increasing to 30 U/ml 3 minutes 
after the end of glucose infusion. In this particular test, the serum insulin 
steadily rose, achieving a maximum of 68 „U/ml at the end of the test 
at 60 minutes. Further follow-up I.V. glucose tolerance tests performed 
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Fic. 4. Patient 9, results of intravenous glucose tolerance tests. 
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6 months after completion pancreatectomy (10 months after autotrans- 
plantation) and 20 months after completion pancreatoduodenectomy 
(24 months after transplantation) showed a pattern similar to that ob- 
served previously. The glucose clearance rates (k values) were 0.91%/ 
minute and 1.12%/minute, respectively. In general, the insulin response 

to LV. glucose, albeit sluggish, was small but noteworthy. There was a 
tendency toward a progressive rise in serum insulin throughout the 60 
minutes of observation after glucose administration. 


Patient 10 


A 44-year-old, nonalcoholic man presented with a 14-year history of 
abdominal pain. In 1980, sphincteroplasty was followed by relief of pain 
for 1 year. Thereafter, the pain recurred, requiring hospitalization every 
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Fic. 5. Patient 10, results of intravenous glucose tolerance tests. 
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3 to 4 months. The patient became disabled. He did not have steatorrhea 
or diabetes mellitus. 

In June 1985, a 90% distal resection with segmental autotransplantation 
was performed. Pathologic examination of the specimen confirmed 


e chronic pancreatitis. 


Pain has resolved, and narcotics are not required. The patient is insulin- 
independent 5 months after the surgical procedure (Fig. 5). The & value 
before operation was 1.01%/minute, 0.61%/minute 2 months after op- 
eration, and 0,86%/minute at 5 months. Islet cell antibodies were negative. 
The patient is currently fully employed and has gained weight. Steatorrhea 
is controlled with pancrelipase. 

Intravenous glucose and I.V. glucagon tests were performed before 
operation. The serum insulin responses are shown in Figure 6. The serum 
insulin response to ILV. glucose can be observed to be blunted with little, 
if any, early-phase insulin response. Early-phase response to I.V. glucagon, 
on the other hand, was small but appreciable. Two months after operation 
serum insulin response was reduced, if anything, after administration of 
LY. glucose, with a gradual increment of insulin toward the end of the 
first hour after I.V. glucose. Intravenous glucagon again showed an early- 
phase insulin response. Further follow-up studies performed at 5 months 
again showed a similar pattern of serum insulin after I.V. glucose and 
also after I.V. glucagon compared with the results at 2 months after 
operation. 


Discussion 


In our experience, standard distal pancreatectomy, in 
which the pancreas is divided at the level of the superior 
mesenteric vessels (50-60% resection), has been associated 
with long-term pain relief in only 20% of patients with 
chronic pancreatitis.’ On the other hand, pancreatoduo- 
denectomy’ and total pancreatectomy® have resulted in 
relief of pain in 59% and 79% of patients, respectively, up 
to 5 years after operation. This suggests that leaving the 
head of the gland and the uncinate process may be re- 
sponsible for the higher failure rate associated with limited 
distal pancreatic resection. Nevertheless, the late morbid- 
ity and mortality rates associated with near total pancreatic 
resection are appreciable. Diabetes mellitus has been re- 
ported to occur in more than 70% of patients after 80- 
95% distal resection for chronic pancreatitis”? and in all 
patients who undergo total pancreatectomy.' Late mor- 
tality rates of 26% for patients who underwent 80-95% 
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distal resection’ and of 46% for those who underwent 
total pancreatectomy! have been noted (mean follow-up 
period: 5 years). 

Of 26 patients who underwent total pancreatectomy 
for chronic pancreatitis,' 24 required multiple hospital 
readmissions. Poorly controlled diabetes and failure to 
thrive were the most common reasons for hospitalization. 
Extensive pancreatic resection is therefore reserved as a 
procedure of last resort and is avoided in patients with 
alcoholism, drug addiction, and inability to manage the 
apancreatic state. Despite these difficulties, extensive 
pancreatic resection is an alternative for carefully selected 
patients. 

In an attempt to preserve islet cell function and to pre- 
vent or delay the onset of diabetes in nondiabetic patients 
who required extensive distal resection, in 1981 we began 
using segmental pancreatic autotransplantation as re- 
ported by Hogle and Reemtsma.® The combination of the 
decreased islet cell mass, the low yield of current methods 
of isolation of islet cells, and the limited results re- 
ported*"!! with autoimplantation of islet cell preparations 
in the portal system for chronic pancreatitis had dissuaded 
us from using the latter therapeutic modality. 

An operative failure rate of 20%, which appears to be 
consistent with that reported for segmental pancreatic al- 
lografts,!* is believed to be secondary in most instances 
to vascular thrombosis or acute pancreatitis. Although we 
constructed a distal arteriovenous fistula in two patients, 
as suggested by Calne et al.,!> its role in the prevention 
of thrombosis is not well determined.'* The arteriovenous 
fistula remained patent in only one of our two patients. 
We have considered the selective use of this procedure in 
patients with small grafts that are believed to be at in- 
creased risk of thrombosis. To avoid groin complications 
from graft necrosis, we routinely perform arteriography 
on the fourth postoperative day and remove the graft if 
the vessels are not patent. 

The best method of management of exocrine secretions 
remains controversial. We elected injection of neoprene 
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because it appeared to be a safe and efficacious procedure. 
Despite injection of neoprene, however, transient pan- 
creatic graft fistulas arecommon. Although the long-term 
effects in humans of tre injection of polymers for pan- 
creatic ductal occlusion remains controversial, this tech- 
nique is likely to resur in progressive loss of endocrine 
function. Experience m animals strongly suggests the de- 
velopment of severe fiorosis with quickly progressive en- 
docrine failure of the eland.'>!’ Most experience in hu- 
mans, however, is based on allotransplantation in which 
endocrine loss is likely 1 be multifactorial.'*'*!? Rejection 
probably remains the most important factor in loss of 
endocrine function in these patients while the use of im- 
munosuppressive agers (/.e., corticosteroids) affects glu- 
cose homeostasis. 

The patients described in our case reports provide an 
opportunity for assesament of the long-term function of 
segmental grafts with occluded pancreatic ducts in hu- 
mans without the inflaence of rejection and the effects of 
immunosuppression. Thus far, the two patients who un- 
derwent staged total pancreatectomy have remained in- 


~ sulin-independent at 24 and 54 months, respectively, after 


autotransplantation despite decreased insulin responses. 
The loss of endocrine function in our patients may not 
be sufficient thus far æ result in hyperglycemia. It could 
be sufficient, however. to precipitate hyperglycemia in the 
allotransplant patienttaking corticosteroids in whom en- 
docrine function has in part been lost to rejection. Nev- 
ertheless, our experience suggests that the loss of endocrine 
function as a result ef ductal occlusion probably occurs 
more slowly in humars than has been reported in animals, 
especially dogs. As suggested for allotransplantation, the 
drainage from the pamcreatic duct into the jejunum ap- 
pears likely to decrease long-term endocrine loss.!*!*!° 
The results of pancreaticojeyunostomy may be somewhat 
biased, however, by the institution of improved rejection 
programs (i.¢., triple herapy)!? at a time when pancreat- 
icojejunostomy is performed more frequently and by the 
possibly greater prevalence of more favorable cases (/.e., 
transplants from dorors who are living relatives) in the 
pancreaticojejunostomy group in contrast to the occluded 
duct group (cadaver donors). 

The effect of different modalities of ductal occlusion 
requires elucidation. Ductal ligation or the injection of 
polymers as well as the type of substance and amount of 
polymer used may F= noteworthy factors. We have used 
approximately | ml af neoprene in an attempt to occlude 
the main pancreatic c uct and secondary radicals to achieve 
a high ligation, but we have avoided using larger amounts 
that could disrupt tke pancreatic ductal radicals and in- 
filtrate the interstice:. of the gland. The injection of small 
amounts of polymers under radiographic guidance has 
been suggested.” Lwrenz and Wolff?! recently reported 
57 patients who urderwent a Whipple procedure with 
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occlusion of the pancreatic duct with prolamine (Ethi- 
bloc®) and 16 patients who had the same procedure with- 
out occlusion (the follow-up period was up to 3 years). 
Although a continuous decrease in endocrine function 
was observed in both groups, it did not differ appreciably 
between the two groups. 

We do not expect near total pancreatectomy with au- 
totransplantation to offer improved pain relief over that 
already established for extensive pancreatic resection, 7 
but we have used it to prevent or to delay the onset of 
diabetes. Pain was not controlled in our two patients who 
underwent limited distal resection. On the other hand, 
80-95% distal resection improved pain in patients relative 
to their preoperative status. Occasional use of pain med- 
ication and less frequent and milder episodes of pain were 
common. 

The two patients with alcoholic pancreatitis appeared 
not to fare as well as those with idiopathic pancreatitis. 
Both patients continued consumption of alcohol, and one 
continued drug addiction. One patient required insulin 2 
years after autotransplantation. Pathologic study of the 
specimen at the time of autotransplantation indicated se- 
vere fibrosis of the gland with minimal acinar tissue and 
suggested decreased islet cells. The other alcoholic patient 
had moderate fibrosis of the gland at the time of grafting 
and remained insulin-independent; nevertheless, results 
of oral glucose tolerance tests deteriorated appreciably. 
The patients with idiopathic pancreatitis and successful 
grafts appear to have fared better from the point of view 
of pain relief, and none has required administration of 
insulin. Whether these differences are significant is un- 
known. If they are significant, it is undetermined whether 
they are attributable to a larger islet cell mass at the time 
of autotransplantation in the idiopathic group, a differing 
natural course of the disease in alcoholic and nonalcoholic 
patients, or the persistent presence of the toxic agent (al- 
cohol) in the alcoholic group. í 

Although the results of studies of insulin secretion are 
preliminary, certain patterns have begun to emerge that 
will permit refinement of future studies of beta cell func- 
tion. 

A major reduction in beta cell function is a probable 
likelihood before operation in patients with idiopathic or 
alcoholic chronic pancreatitis. Although our experience 
is limited, the results, especially in patient 10, suggest that 
there is a major reduction in glucose-stimulated (partic- 
ularly early-phase) insulin release. These findings are not 
unlike those seen in the early stages of insulin-dependent 
diabetes mellitus resulting from autoimmune distur- 
bances.?*"*4 The results of stimulation studies that em- 
ployed I.V. glucagon are particularly intriguing. A rela- 
tively greater early-phase insulin response is observed 
consistently when compared with the results after rapid 
infusion of I.V. glucose.” 5 
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Studies to date have been too small in number and too 
brief in duration to follow the natural history of endocrine 
function in the autotransplanted tissue, but the clinical 
evidence of lack of insulin-dependent diabetes strongly 
suggests that beta cell function, probably in conjunction 
with enhanced peripheral tissue sensitivity, is sufficient to 
prevent occurrence of the insulin-dependent diabetic state. 

Studies to date suggest that alterations in immunity do 
not seem to be a factor as tests for islet cell autoantibodies 
appear to be persistently negative. 

Only one of our ten patients had a postoperative ab- 
dominal complication resulting from the pancreatic re- 
section. This occurred in a patient with intra-abdominal 
bleeding from the splenic artery stump. Groin compli- 
cations, on the other hand, were common: six patients 
had transient pancreatic graft fistulas. In the early part of 
our experience, two patients had groin hematomas when 
removal of the spleen and hemostasis of the transected 
margin of the specimen were performed ex vivo. These 
steps are currently performed in vivo before ligation of 
the splenic vein and artery. 

Angiography and percutaneous selective venous sam- 
pling of the iliac veins for insulin have been the most 
reliable techniques for determination of patency and 
function of a graft. Technetium flow scans proved unre- 
liable in the early postoperative period and failed to iden- 
tify a thrombosis of the graft in the two technical failures. 
This is believed to be secondary to the marked inflam- 
matory reaction that occurs in the groin over the grafted 
area in the early postoperative period and results in a 
false-positive scan. Doppler studies appear useful if a pre- 
operative study is performed and a color-coded Doppler 
imaging system (Echoflow®) is used for accurate definition 
of the normal and baseline arterial supply to the groin 
before grafting, thus allowing for comparison and for bet- 
ter definition of the graft after operation. 

Warren et al.”° recently devised a procedure consisting 
of the division of the pancreas over the superior mesenteric 
vessels and excision of the head of the gland as in 95% 
distal resection. Denervation of the body and tail of the 
gland is achieved by the proximal division of the splenic 
vein and artery and by pancreatic mobilization. The vi- 
ability of the graft is preserved via collaterals from the 
gastroepiploic artery and short gastric vessels. The distal 
pancreas is anastomosed to a Roux-en-Y loop. Long-term 
follow-up study will be required to assess the results of 
this procedure with respect to pain relief and preservation 
of endocrine function. 

Possible options that could be tested appear to be mod- 
ifications of the procedures described, such as segmental 
autotransplantation to the iliac vessels with a Roux-en-Y 
pancreaticojejunostomy, Whipple procedure with distal 
pancreatic mobilization and division of the adventitia of 
the splenic vessel. or Whipple operation with in situ au- 
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totransplantation of the body aad tail of the gland. The 
artificial pancreas could have a role in the management 
of chronic pancreatitis in patierts in whom diabetes de- 
velops. The use of continued sabcutaneous infusion of 
insulin in such a patient has been reported.” 

We conclude that segmental pancreatic autotransplan- 
tation can prevent or delay the orset of diabetes in patients 
who require extensive distal parcreatic resection. Strong 
proof of this is demonstrated Ey the two patients with 
staged total abdominal pancrestectomy who have re- 
mained insulin independent at 24 and 54 months, re- 
spectively, after autotransplamation. This procedure 
should be considered especially when extensive pancreatic 
resection is performed in young patients or in patients 
whose personality is believed to preclude effective man- 
agement of the apancreatic state. Further follow-up study 
is required to assess the long-term: function of these grafts. 
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DISCUSSION 


, DR EDWARD L. BRADLEY II (Atlanta, Georgia): It is a great privilege 
to be asked to discuss what I consider to be a milestone paper. 

. First ofall, I think we should be indebted to the people from the Lahey 
Clinic for establishing new high standards for patient care, as they noted, 
10 patients with nine physicians. My first question to the authors is: Is 
this a mandate of the Quality Assurance Committee? 

The ideal proéedure for chronic pancreatitis will relieve the pain and 
preserve pancreatic furiction. Currently, no single procedure is uniformly 
successful. Unfortunately, the initial promise of total pancreatectomy 
or 95 per cent pancreatectomy has not been fulfilled, in that patients 
exhibit a prohibitivé attrition rdte both with their lives aiid with their 


Pe ct function: Since the ablative procedures do not appear to be 


an attractive direction for us to go in the future, we were all encouraged 
when islet cell autotransplants appeared to offer a viable alternative. 
Unfortunately; not only is continued ‘islet cell function unusual, but a 
niiniber of seridhs complications have been attendant upon this proce- 
dure. 

Dr. Rossi, Dr. Braasch, and their coauthors are advocating an inno- 
vative procedire: autotrarisplantation of the resected pancreas to the 
groin. Now that they have demonstrated to us that pain is relieved and 
endocrine function preserved, I wonder whettier they are going to continue 
to put it in the groin? Why not replace it isotopically? There arè somé 
theoretic advantages with regard to insulin metabdlism to having it in 
the portal circulation. I wonder if Dr. Rossi would respond to this in 
regard to his future directions. 

Secondly, are they going to continue the neoprene duct occlusion? 
As many of you are aware, there is some suggestion that occlusion with 
these materials leads to an “‘isletitis” and subsequent loss of islet function 
with time. : 

In fact, in this particular report, one patient who was initially insulin- 


--- independent became insulin-dependent 2 years following successful graft 


autotransplantation. Is there anything particularly wrong with doing a 
Roux-Y drainage in this group of patients? Why do we have to occlude 
the duct? While there may be decreased pancreatic fiinction in many of 
these patients becausė of their chronic pancreatitis and primary disease, 

ere is some function in maniy of these patients, and it is difficult not 
to take advantage of that. 

Thirdly, is there any information available on the secretion of glucagon 
by these autotrarisplants? 

Dr. Braasch did not have time to present all the data this morning. 
This is a- beautifully studied group of patients, and when you have a 
ctiante to read the manuscript, I think you will agree that it is a fantastic 
piece of work. 

Finally, since no one else in the world has this kind of experience, 
with your permission, sir, may I make a small speculation? 

None of the patients in this group appear to have any pain following 
extended pancreatectomy. Removal of the pancreas was very effective 
in relieving pain even though the pancreas was subsequently replaced. 
Furthermore, nobody got pancreatitis in the groin. This suggests that an 
adequate denervation procedure, something along the lines that we heard 
earlier today, might well prove to be effective if, in fact; we could ever 


«~~ figure out what adequate denervation was. Wouldn’t it be possible to 


elevate the pancreas completely, cut the splenic artery, thereby removing 
the autonomic rérvous system as completely as possible, and replace 
the páncreas by reanastomosing the splenic artery without interrupting 
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the splénic vein? To my knowledge, the splenic.vein has no autonomic 

fibers. This variation could eliminate a venous anastomosis. Would this, 

in fact, be a more preferable procedure to transplanting the pancreas 12 

inches caudad? This is an important paper, and, in my opinion, a real 

milestone in the treatment of chronic pancreatitis and small duct disease. 
Thank you very much. 


Dr. GEORGE L. JORDAN, JR. (Houston, Texas): As pointed out by 
these authors, development of diabetes has been a deterrent to extensive 
pancreatic resections not only in pancreatitis, but in other diseases as 
well, and these authors are cértainly to be congratulated on the excellent 
results that they have obtained. 

As Dr. Bradley has just mentioned, there have r now been three mech- 

anisms used to prevent diabetes. Orie Was the attempt at islet cell trans- 
plantation; which left much to be desired. 

The beautiful technique that we have just heard, and the one we heard 
about this morning, did exactly what Dr. Bradley suggested, namely, left 
the pancreas in situ but totally denervated the pancreas. Actually, many 
patients that I see with this disease would accept the diabetes if we could 
promise them that we could get rid of their pain, as John has said occurred 
in this group of patients. 

Unfortunately, my results with extensive resectidn have not been so 
successful. I have done fewer total paricreatectomies than have been 
doné at the Lahey Clinic, but I do not have any that are free of pain. 
Therefore, I have been less enthusiastic about the extensive resections 
than one would think one might be with the good results reported here. 
Whether we Have a different patient population (certainly more of ours 
are alcoholics) or whether there are other factors, I do not know. 

We will certainly follow this with great interest. . 

. I would like to ask Dr. Braasch, how do they choose the patients who 
should undergo this procediré? Obviously, in a clirit as large as the 
Lahey Clinic, only ten patients treated in 5 years means a very high 
degree of selection. I want to know how he selects the patients and again 
to congratulate him on this very ingenious approach. 


_ DR. LESUE E. RUDOLF (Charlottesville, Virginia): I, too, would like 
to congratulate the authors on their attempts to save beta cell mass in a 
veiy difficult situation. 

. I really arise to report on some work going on in our laboratory that 
is being conducted by Dr. John Hanks, Dr. Sandy Shenk, and one of 
our residents, Dr. David Krash, in attempting to evaluate the function 
of a transplanted pancreas. These were experiments done in a large series 
of dogs and have been followed for an appreciable period of time. 

Dr. Hanks’ basic premise was that possibly the intravenous and oral 
glucose tolerance tests are not completely indicative of beta cell mass 
function. Taerefore, he has looked at a number of situations. I would 
just like to show two slides. 

(Slide) This is a slightly different approach to looking at insulin pro- 
duction, and it is called a hyperglycemic clamp. Basically using a com- 
puterized pump, glucose i is irifused into these animals at a rate such that 
the blood glucose is 150 milligrams per cent above normal, and this is 
the series of dnimals here. . 

I might add that, if you look up here, there are two series of animals. 
The open squares aré dogs who have had segmental pancreatic auto- 
transplants, very similar to what Dr. Brdasch and his group have reported. 


636 
Of course, you inet Eee oe however, that these were normal pan- 
creases—these were not diseased pancredses. 

The normal dogs are the closed squares here. Under this rather strict 
test, if you will, the dogs ‘who, have had pancreatic autotransplants—and 
this is about a 30 or 40% transplant—are not able to sustain the hyper- 
insulinemia of nornial dogs. In other words, here-is a dog with a trans- 
planted pancreas, It levels off its insulin production, but to sustain hy- 
perglycemiia, it is not able to increase its insulin production on‘a tener 
term basis. > y 

This may be a somewhat sensitive test but again a suggestion for looking 
at a large series- of ‘patients that afe being. followed ön a long-term basis: 

(Slide) One last comment about the orál- glucose: tolerance test. What 
our group has done here is to look at insulin production following an 
oral glucose load. You ¢ can se¢ that, in preoperative. animals after about 


60 minutes, there is isa peak insulin production once given an oral glucose 
load: Ttis slightly di erent, however, for animals who have hada segmental 
pancreas trarisplant. 


‘ This may account, at least i in ais? for very early hyperglycemia 
in some of their, oral glucose tolerance tests. Į just mention theśe two 
facts to point out that orál glucose tolerance and intravenous glucose 
tolerance aré good ways ‘to look at pancreatic beta cell function. This 
particular methodology may be a little bit more sensitive. 

Í, too, éongratulate the authors for a very innovative and potentially 
very useful approach to some very difficult problems. 


: Dr. RICARDO Roast (Closing discussion) I want to tbank the Society 
for having allowed us to present this experience and the discussants for 
their comments. 

. In response to Dr., Bradley’s remarks, | agree that probably thé groin 
will not be the place to locate these grafts in the’ future, and we have 
consideréd several options. The iliac vessels as for renal transplant are 
one option, Another is leaving the body and 4ail of the pancreas retro- 
peritoneally i in situ, doing a pancreatic jejunostomy, mobilizing the pan- 
creas from thé retroperitoneum for denervation, removing the spleen, 
dividing the splenic vessels at the celiac axis, and resutiring them in 
place. I would agree that there is little evidence that dividing the véin is 
going to contribute to the relief of pain, and, therefore, that step may 
not be required. . 

., You also asked us about duct, occliision., Should that be retaitied as 
part of the procedure? My impression is that we should gradually move 
toward.a pancreaticojejunostomy to preserve long-term function of these 
grafts. Nevertheless, I think we ought to bè somewhat cautious in dis- 
regarding occlusion of the ducts as a.theans of dealing with the exocrine 
secretion. Most of the experience available comes from animal experience, 
especial; y dogs, which develop a significarit desmoplastic reaction and 
‘quite quickly develop endocrine insufficiency. In humans, the experience 
comes from allotransplants where the loss of fiinction is multifactorial 
and rejection still remains the main cause of loss of endocrine function. 
_ We should also remember that, the data that suggest that pancreatico- 
jejunostamy remains patent following the Whipple opetation is quite 
soft. My belief is that we should go to pancreaticojejunostomy, but I 
would not disregard completely the fact that ductal o¢clusion is a safe 
and acceptable method. Lorenz from Germany recently reported on two 
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groups of patients who had undergone a Whipple operation. In one group, 
he occluded the duct with Prolamine®; in the other, he did not. The loss 
of endocrine function with a 3-year follow-up was similar in both groups. 

In regard to glucagon Secretion, we have not studied the glucagon 
secretion in these patients. We have, though, studied the response to 
glucagon as & secretagogie in these patients, and, interestingly enough, 
these patients respond with a higher production of insulin to a glucagon ~ 
stimulation than they do to glucose stimulation. This fact has also. been 
noted in prediabetic states in patients who are relatives of diabetic patients 
and are identified as potential candidates to develop diabetes by im- 
munological techniques and by intravenous glucose tolerance tests. 

In régard to your hypothesis about denervation, yes, adequate dener- 
vation probably would be the ideal operation. Nevertheless, we still have 
not found the adequaté technique. I envision that, perhaps in the future, 
resection of the ‘head of the gland as for a Whipple operation or as for a 
95% resection with an in situ autotransplantation of the body and tail 
for denervation may. be an alternative. To your recommendation I would 
probably add that after doing this in situ autotransplantation; the place-" 
ment of the omentum between the pancreas and the retropéritoneum 
may be helpful in decreasing the possibility of reinervation of the pancreas. 

In regard to questions about the lack of énthusidsm about pain relief 

for extensive resection asked by Dr. Jordan, we elected to present each 
case individually. Thus, each case is its own control from the point of 
view of pain improvement. Wè do not have criteria, such as the Visick 
criteria for the improvement of ulcer disease, in the management of 
pancreatitis, and I think that each patient has to be considered as his 
own control. For example, a disabled patient in the hospital for 8 months, 
who, after this procedure, requires Percocet® every other day but is back. 
to work, is a good result. On reading the manuscript, one can have a` 
better idea of what we call pain improvement. It does not mean in all 
cases total relief of pain or. lack of need for any pain medication. It is 
basically a comparison to the preoperative state. 
. In regard to patient selection, five cases in 10 years at our institution 
emphasize the fact that we have been quite selective in performing this 
procedure. Most of these patients have been operated on before. Seven 
have had 13 previous. operations, of which the most frequent were am- 
pullary procedures. These patients are disabled, have frequently been in 
the hospital for many months prior to referral to us, are all using narcotics, 
and have a pancreatic duct of small diameter. 

In regard to Dr. Rudolf’s questions about functional characteristics 
of a transplant, we have used both oral and intravenous glucose tolerance 
tests and glucagon stimulation assays. We have demonstrated that some 
of these patients who have a graft in a heterotopic position have a fasting 
hyperinsulinemia although they are normoglycemic. The peak insulin 
level appears to be lower than that of the preoperative period, but this 
appears to be compensated by a more prolonged secretion of insulin. It 
is interesting that the early response to an intravenous infusion of glucose _ 
appears to be decreased significantly in these patients, although the late 
phase insulin production appears to be quite preserved. The glucagon 
response in these patients appears to be preserved both in the early and 
late phases. . 

Again, I want to thank the Society for having allowed us to present 
this experience. 
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Living related donor (LRD) nephrectomies are controversial due 
to the risks to the donor and improved cadayeric graft survival 
using cyclosporine A. Between December 22, 1970, and Decem- 
ber 31, 1984, 1096 renal transplants were performed at a single 
institution, 314 (28.6%) from LRD. The average age was 34:3 
years (range: 18-67), none- had preoperative hypertension. All 
nephrectomies were performed transabdominally. Major peri- 


_of operative complications occurred in 22 (7.0%). These include 


wound infections (3.5%), pancreatitis (1.0%), injuries to spleen. 


(1.0%) or adrenal gland (0.3%) requiring removal, pnenmonitis 
(0.6%), ulnar nerve palsy (0.6%), femoral artery thrombosis after 
arteriogram (0.3%), pulmonary embolus (0.3%), and upper pole 
infarct of contralateral kidney (0.3%). There are six known deaths 
in this series, none of which were related to the operation. Major 
late complications were seen in 50 (20.0%) of 250 patients fol- 
lowed for 6 to 175 months (mean 53.1 months). These included 
definite hypertension (5.6%), suture granuloma (4.4%), incisional 
hernia (3.6%), proteinuria (2 4%), bowel obstruction (2.0%), 
nephrolithiasis (1.2%), wound infection (0.4%), scrotal hydrocele 
(0.4%), and chropic pancreatitis (0. 4%). While the risk of hy- 
pertension appears to increase as the interval from donation in- 
creases, no cases of renal failure after donation have been noted, 
and negligible proteinuria among those followed long-term has 


_į_ been séen in this sèries. It is felt that living related kidney dona- 


tign is justified when the relative is sincerely motivated and well 
informed prior to donation. 


INCE ITS BEGINNING in the early 1950s, renal trans- 
plantation has become a widely accepted and de- 
sirable therapeutic modality for the treatment of 

end-stage renal disease.'-? While the majority of the donor 
kidneys come from cadavers, living donors have provided 
25-38% of the kidneys transplanted i in the United States 
during the past decade.** Clearly, patient and graft sur- 
vival have been superior with living related donors when 
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compared to cadaver donors. 347-15 Controversy has ex- 
isted regarding the use of living donors, and some insti- 
tutions have been’ hesitant: to use living donors because 
of the potential morbidity and the unknown long-term 
sequelae to the donor. ‘In 1974; ‘Bennett emphasized that 
the life expectancy is not altered by a unilateral nephrec- 
tomy. Brenner and others believe that ‘donors may ex- 
perience increased hypertension, proteinuria, and accel- 
erated decrease in renal function with age as a result of 
hypertrophic compensatory changes in. the remaining 
kidney.!7?" Recently this controversy has been heightened 
by the introduction.of newer immunosuppressive agents, 
notably cyclosporine A, which has resulted in cadaver 
allograft survival approaching that of living, related donor 
allografts. 42203 

Becausé of this, Rosenthal has a that the use of 
living donors for renal transplantation may ‘become ob- 
solete.” Hardy, in a comment on Rosenthal's study, in- 
terpreted their- conchisions: to say “that the use of living 
donors is no longer morally justified.” 724 The purpose of 
this paper is to review our experience with the use of living 
relatéd kidney donors during the past 14 years at the Van- 
derbilt Medical Center and ‘Veterans Administration 
Medical Center in order to ascertain the potential risks 
and’ complicationis to the donor.’ 


Patient Study 


Between December 23, 1970, and Decemher 31, 1984, 
1096 renal transplants were performed, of which 314 
(28. 6%) were from living donors. After ABO compatibility 
was determined and histocompatibility testing was com- 
pleted, äech prospective ns underwent an extensive 


` 
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TABLE 1. Donor Profile 


Sex 
Male 178 56.7 
Female 136 43.3 
Race 
Caucasian 286 91.0 
Black 28 8.9 
Indian 2 0.6 
Relationship 
Sibling 198 63.1 
Parent 80 25.5 
Offspring 29 9.2 
Other 7 2.3 


evaluation, including a thorough history and physical ex- 
amination, complete serum chemistries, urinalysis, urine 
culture, 24-hour creatinine clearance, pyelogram, and ab- 
dominal flush arteriograms to evaluate the renal vascular 


anatomy. Criteria for acceptance as a kidney donor i in- 


cluded having normal renal function, no medical illnesses, 
renal vessels suitable for transplanting, and a sincere desire 
to donaie. 

The - operations were performed ‘ transperitoneally 
through a midline, abdominal incision. Preferentially, the 
left kidney was taken, except in females of childbearing 
age or if the vascular anatomy showed more than one 
artery to the left kidney and a single artery to the right. 
When permitted, an appendectomy was performed. 

All perioperative data were assimilated by chart reyiew. 
Additional ‘long-term follow-up was obtained by ques- 
tionnaires, phone interview, and clinic visits. By means 
of the questionnaire or phone interview, the patients were 
queried about any problems related to the operation, such 
as the development of hypertension, problems with renal 
function, and, specifically, whether or not they had ex- 
perienced small bowel obstruction and, if so, whether an 
Operation was necessary for the obstruction. If the donor 
was agreeable, he or she was scheduled to be seen in the 
clinic for a follow-up visit and each was asked to bring a 
12- or 24-hour urine collection. The patients had their 
vital signs recorded, were interviewed, and then were ex- 


TABLE 2. Preoperative Data 





Mean Range 
Age 34 yrs 18-67 yrs 
Weight 71.6 kg 47.2-140.6 kg 
Blodd 
119/76 mmHg 90/@0-160/90 mmHg 
Blood urea f 
’ nitrogen 12.4 mg/dl 2-23 mg/dl 
Serum 
creatinine 1.0 mg/dl 0.5-1.6 mg/dl 
Creatinine ie 
127 ml/min 73-351 ml/min 
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TABLE 3. Concomitant Procedures 


Major Operations N 


Minor Operations N 

Appendectomy 238 Bilateral tubal ligation 7 
Cholecystectomy 3 Excision of skin lesion 4 
Fundoplication and 3 Liver biopsy ` 2 

PGV* : i 
Fundoplication 2 Vasectomy i 
PGV 2 Biopsy mesenteric node 1 
Anterior urethropexy l Excision ovarian cyst 1 
Resection ileal mass 1 Intraoperative 1 
sigmoidoscopy 

Cystoscopy 1 

Total 250 . 18 


* Proximal gastric vagotomy. 


amined. Laboratory determinations included serum blood 
urine nitrogen and creatinine, urinalysis, and creatinine 
clearance. If the Chemstix® determination for protein 
was positive, a quantitative analysis of urinary protein 
was performed. Preoperative and postoperative parame- 
ters, as well as the age- and sex-matched control compar- 
isons, were statistically analyzed on a VAX 11/780 com-< 
puter (Digital Equipment Corp., Marlboro, MA) using 
the SPSS-X (SPSS Inc., Chicago, IL) statistical program. 
The two-paired t-test was used to determine statistical sig- 
nificance. 


Results 


One hundred seventy-eight males and 136 females with 
an age range of 18—67 years (mean: 34 years) underwent 
214 left and 100 right donor nephrectomies. Almost two- 
thirds of the donors were siblings of the recipients (Table 
1). Preoperative clinical data are shown in Table 2. 

Incidental appendectomies were performed on 238 
(75.8%) of the donors. Other elective operations were per- 
formed in 30 patients. Twelve of these were considered ` 
major procedures and 18 minor (Table 3). ‘Seven patients 
underwent a Nissen fundoplication and/or a proximal 
gastric vagotomy. The resected ileal mass was found to 
be a hamartoma on pathologic examination. 


Perioperative Complications (Table 4) 


There were no operative deaths, and all of the patients 
left the hospital after an average postoperative stay of 7 
days. One hundred forty-seven, or 46.8%, of all the donors 
had one or more complications, the majority of which 
were considered to be minor in nature. Eliminating those 
patients whose only postoperative complication was atel- 
éctasis left only 62 patients (19.7%) experiencing any 
complication i in the immediate postoperative period. 

There was only one femoral thrombosis secondary to 
arteriography among 308 done for donor evaluation at 
this institution. The remaining six patients had antenog: 
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TABLE 4. Perioperative Complications* 
Minor Major 
Preoperative 
Arteriogram 
aw" Hematoma 6 (1.9%) Arterial 1 ¢0.3%) 
thrombosis 
Intraoperative 
Splenic 4 (1.3%) Splenectomy 3 (0.9%) 
laceration 
Adrenalectomy 1 (0.3%) 
Postoperative, Immediate 
Pulmonary l 
Fever/atelectasis 109 (34.7%) Pneumonia 2 (0.6%) 
Asthma 1 (0.3%) Pulmonary 2 (0.3%) 
i embolus 
Wound 
Hematoma 3 (0.9%) Infection 11 (3.5%) 
Dehiscence 1 (0.3%) 
Urinary 
Retention 7 (2.2%) Infarcted upper 
py pole 
7  Hematuria 2 (0.6%) Remaining 1 (0.3%) 
kidney : 
UTI 6 (2.9%) Epididymitis 1 (0.3%) 
Nerve palsies l 
Transient ulnar 1 (0.3%) Permanent ulnar 1 (0.3%) 
Bleeding 
Retroperitoneal 2 (6.6%) 
hematoma 
Miscellaneous 
Superficial 6 (1.9%) Pancreatitis 1 (0.3%) 
phlebitis 
Hypertension, 4 (1.3%) 
transient 
Depression, 2 (0.6%) 
acute 
Hypovolemia 2 (0.6%) 
-d~ Abnormal liver 2 (0.6%) 
function test 
Herpes zoster 1 (0.3%) 


* N = 147/314 (46.8%). 


raphy performed elsewhere. The most serious complica- 
tion occurring during operation was splenic laceration re- 
quiring splenectomy in three patients. One adrenal gland 
was torn because of dense adherence to the kidney and 
required partial resection. The only wound dehiscence 
occurred in the same patient who had the partial adre- 
nalectomy. No wound infection was involved, and the 
patient, a 40-year-old man at the time of donation, has 
since been lost to follow-up. 

One 45-year-old man infarcted the upper pole of his 
-remaining kidney. His immediate postoperative creatinine 
rose to 2.8 mg/dl, but, fortunately, his renal function has 
since normalized, with a serum creatinine of 1.2 mg/dl 
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LONG-TERM 


25 
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’ Fic. 1. Per cent of donors followed long-term for each year since ne- 


phrectomy. 


and creatinine clearance (CCr) of 116 cc/min 6 years after 
operation. He did develop hypertension 2 years after op- 
eration, which is well controlled on a minimum of med- 
ications. Although four patients developed hypertension 
in the immediate postoperative period, these were tran- 
sient in nature, and no donors required antihypertensive 
medications at the time of discharge. 


Long-term Complications 


In 250 (79.6%) patients, an average follow-up of 53.1 
+ 38.2 months (range: 6~175 months) was achieved. Fig- 
ure 1 shows the percentages of those with long-term follow- 
up per year postnephrectomy. Long-term complications 
occurred in 78 patients, of whom 28 had minor compli- 
cations and 50 experienced major complications (Table 
5). All five of the patients who developed small bowel 
obstruction required exploratory laparotomy with lysis of 
adhesions. One’ patient experienced obstruction twice, 
occurring 2 years apart and developed a wound infection 
after the second laparotomy. One patient with obstruction 


TABLE 5. Long-term Postoperative Complications* 


Major t50/250 (20.0%) Minor 28/250 (11.2%) 
Hypertension 14 (5.6%) Incisional pain 11 (4.4%) 
Suture Abdominal pain 8 (3.2%) 

granuloma 11 (4.4%) Urinary tract 7 (2.8%) 
Incisional infection N 
hernia 9 (3.6%) Hypertrophic scar 2 (0.8%) 
Proteinuria 6 (2.4%) 
Bowel 
obstruction 5 (2.0%) 
Nephrolithiasis 3 (1.2%) 
Wound 
infection 1 (0.4%) 
Hydrocele 1 (0.4%) 
Chronic 
pancreatitis 1 (0.4%) 





* 78/250 (31.2%) 
+ One patient had proteinuria and a hydrocele. 
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Fic. 2. Age group prevalences of definite hypertension in 250 living 
related donors with long-term follow-up compared to those in the general 
U.S. white population.” 


required a resection for ischemic bowel. The chronic 
wound infection recurred 6 months after operation and 
required debridement in the operating room. The three 
patients who developed nephrolithiasis are of concern be- 
cause of the potential for ureteral obstruction. 

There are six known deaths in this group of donors. 
Two suicides occurred 2 and 3 years after operation, one 
patient died of metastatic prostate cancer 9 years after 
donor nephrectomy, and one woman died at the age of 
28 of metastatic breast carcinoma 5 years postnephrec- 
tomy. One patient, who was a prison inmate, died by 
homicide a year following his nephrectomy, and another 
patient died in an automobile accident 2 years after dona- 
ting. 


Potential Long-term Sequelae 


Proteinuria. Six of 137 patients tested for urinary pro- 
tein had positive determinations; four of these were found 


TABLE 6. Comparison of Donors to Prospective Donors: 
Age and Sex-matched (N = 71) 





Two-tailed 


Donor Match Problem 





Follow-up 
(months) 
Serum 
creatinine 
(mg/dl) 
Creatinine 
clearance 
{ce/min) 
Systolic 
blood 
pressure 
(mmHg) 
Diastolic 
blood 
pressure 
(mmHg) 


63.3 + 39.4 — — 


1.16 + 0.23 1.02 + 0.18 


87.7 +37.4 131.6 + 31.8 


121.5 + 14.8 15.0 0.497 


o 
~ 
i) 
I+ 


77.2 + 93 7719 


+ 
N 
bo 


0.631 
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TABLE 7. Hypertension Versus Years of Follow-up 





Years <$ 5-7.5 7.5-10 210 
Number 150 53 28 19 
Mean age 37.5 £ 13.9 414+ 13.7 4544113 43.5 + 104 
Per cent 

borderline 

hypertension 6.8 11.3 10.7 16.6 
Per cent 

definite 

hypertension 1.3 TS 14.3 22.2 





to have proteinuria (>150 mg/24 hr) upon quantitative 
analysis. The highest protein determination was 300 mg/ 
24 hr. Follow-up time of these four patients ranged from 
32-83 months. No patient followed greater than 10 years 
has developed proteinuria. 

Hypertension. Borderline hypertension, defined as 150- 
159/90-94 mmHg, was discovered in 22 patients (8.8%), 
and definite hypertension (= 160/95 mmHg) in 14 patients 
(5.6%) among the 250 patients followed long-term. Figure 
2 compares the prevalence of hypertension between the 
donors and the general white population in the United 


States.” Table 6 shows that the average blood pressure of ` 


71 donors followed after operation for an average of >5 
years was not significantly different from that of age- and 
sex-matched prospective donors. However, there appears 
to be an increase in the relative risk of definite hyperten- 
sion with an increasing interval from donation (Table 7). 
As shown, the mean ages for the three groups followed 
greater than 5 years are comparable. 

Renal function. One hundred eighty donors had long- 
term follow-up serum creatinines determined, the average 
of which was 1.18 + 0.26, which is significantly different 
from their preoperative average of 1.01 + 0.19 mg/dL (p 
< 0.001). The range of creatinines at follow-up was 0.4- 
2.0 mg/dL. Ninety-eight donors had CCr’s determined at 
follow-up. While the average preoperative CCr was 128.2 
+ 30.3 ml/min, the average follow-up CCr was 85.2 + 32.9 
ml/min. Thus, the patients’ renal functions have returned 
to approximately 66.5% of their preoperative levels during 
the average interval of 63 months since operation. Simi- 
larly, when 71 donors with average follow-up of more 
than 5 years were compared to age- and sex-matched pre- 
operative donors, the renal function parameters were sig- 
nificantly different, as was expected (Table 6). There was 
nearly identical return to around 66.5% of renal function 
when the follow-up group was compared to healthy adults 
of the same age and sex who had both kidneys. 


Discussion 


Analysis of the data from the 314 donors supports the 
concept that donor nephrectomies can be performed with 
a negligible risk to life and with an acceptable morbidity. 
The complication rate of these donors, all of whom un- 
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derwent nephrectomies through an anterior abdominal 
approach, is acceptable and comparable to those seen in 
other studies. The wound infection and incisional hernia 
rates in this series are similar to thase seen in donors who 
underwent nephrectomies through flank incisions. Wei- 


„a~ land reported a 3.6% incidence of hernias and a 2.1% 


wound infection rate in their large Minnesota series where 
a flank approach is used.?” Weinstein reported a 9% in- 
cidence of wound infections using either an anterior sub- 
costal or flank approach.”’ The incidence of splenectomies 
in this series is 0.9%, and one of these occurred during a 
concomitant Nissen fundoplication. Ruiz, of the Cleve- 
land clinic, reported a 2.3% incidence of splenectomy in 
` 171 donors operated on through an anterior approach.”® 

Perhaps the most troublesome long-term risk of a 
transperitoneal donor nephrectomy is that of small bowel 
obstruction, 2% in this series. It could be argued that this 
alone might cast doubt about the continued use of the 
anterior approach. However, the advantage of excellent 
exposure that this approach affords was demonstrated in 
a donor who was found to have anomalous venous return 

sie from the kidney originally intended for removal. Fortu- 
* nately, this was detected with the abdominal approach, 
and the contralateral kidney was used. A second patient 
had anomalous venous return in each kidney, precluding 
the use of either. 

The occurrence of nephrolithiasis in three of the 250 
donors followed long-term (1.2%) is of interest. The prev- 
alence of stones has been reported as 0.5% in the general 
U.S. population.” Determining whether donor nephrec- 
tomies actually increase the risk of stone formation would 
require the combined results of long-term follow-up of 
donors from multiple transplant centers across the United 
States. 

None of the deaths in this series can be attributed to 
the operation itself. The families of the two patients who 

` committed suicide give assurances that these were not 
related to their operations. In 1974, there were five known 
deaths reported to be a result of the donor nephrectomy,” 
and at that time the mortality was calculated to be less 
than 0.1%.” Since then, the morbidity and mortality re- 
sults from several donor series have been published with 
no further perioperative deaths noted.”°?73!-33 Thus, the 
operation appears to be quite safe, with the risk of dying 
probably being less than that calculated in 1974. 

Proteinuria has not occurred to any significant extent 
in this group of donors followed up to 14 years. None of 
the donors followed longer than 10 years have developed 
proteinuria, The results from other studies have been 


conflicting. Hakim et al. found an increased incidence of - 


proteinuria (32%) among 52 donors followed greater than 


s~~ 10 years. However, they were unable to correlate the de- 


gree of proteinuria to the length of time after nephrec- 
tomy.” Anderson et al. studied 90 donors who were 10- 
20 years postnephrectomy and found a mean 24-hour- 
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urine protein of 89 mg, and only four (4.4%) had clinically 
significant proteinuria.!? Weiland et al. measured the 24- 
hour urinary albumin in 26 donors followed longer than 
10 years, and only two (7.7%) were above the normal 
range.” Zucchelli et al. reported on seven patients who 
had been followed for 7.3 years after the onset of protein- 
uria following nephrectomy. They found that the degree 
of proteinuria did not worsen and renal function remained 
stable during this time period. They questioned whether 
developing proteinuria following nephrectomy would re- 
sult in deterioration of renal function.”! Thus, the finding 
of proteinuria may not result in any deleterious long-term 
effects in the kidney donors. Longer follow-up is needed 
to establish this relationship. 

Our stucy shows substantially lower prevalences of hy- 
pertension in the donors when compared to the national 
averages of comparable age groups. The finding of 14.4% 
incidence of borderline and definite hypertension in this 
study is nearly half that (31%) found by Miller et al. ina 
group of 46 donors followed for a similar period of time.”° 
The results are equally contrasting in longer-term follow- 
up studies. While Hakim et al. reported a 48% incidence 
of hypertension (diastolic >90 mmHg) in 52 donors fol- 
lowed 10-20 years,'’ Smith et al. recently reported a 15% 
incidence in 40 patients followed 5-30 years after their 
nephrectomies.** Anderson et al. followed 100 donors for 
10-20 years and found a 19% incidence of definite hy- 
pertension, and, because no donor had any deterioration 
in renal function, they concluded that nephrectomy is 
relatively safe.!9 

Weiland’s large study found the incidence of new hy- 
pertension in donors to be 6.7%, which is lower than that 
in the general population.” Our findings show that there 
may be an increased relative risk of hypertension in the 
donors with increasing intervals from nephrectomy. 
However, as donors are a preselected, nonhypertensive 
population at a given age, determining whether a unilat- 
eral nephrectomy really increases the risk of developing 
hypertension would require a prospective study comparing 
donors to an age- and sex-matched control population of 
healthy, normotensive adults who do not undergo ne- 
phrectomies and who are followed for similar periods of 
time. 

Significant renal dysfunction was not demonstrated in 
this follow-up study. Brenner, after reviewing several fol- 
low-up studies, recently concluded that the majority of 
donors could expect normal renal function for up to 30 
years after donation.” He points out, and we agree, that 
longer term follow-up is needed, especially in younger 
donors, to determine whether having a nephrectomy as 
an adult will result in the increased incidence of hyper- 
tension, proteinuria, and renal failure compared to the 
general population. i 

In summary, the donor nephrectomy appears to be a 
safe procedure with negligible mortality and acceptable 
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perioperative morbidity. The concerns of Brenner and 
others regarding the potential long-term sequelae as a re- 
sult of compensatory changes in the remaining kidney 
has, thus far, not been demonstrated to any significant 
degree in this group of donors. 

There are several compelling reasons to continue the 
use of living related kidney donor transplants, the foremost 
of which is the inadequate supply of cadaver kid- 
neys.253637 The number of patients awaiting transplan- 
tation is growing each year, and some have predicted that 
unless procurement is greatly increased the pool of cadaver 
kidneys will never meet the needs of the end-stage renal 
disease patients.?*>:'>°38 There are several advantages of 
living, related transplantation other than improved recip- 
ient and graft survival. These include better timing to co- 
ordinate the operation with the recipient’s optimal health 
and immunologic status, donor-specific transfusions that 
appear to improve graft survival’? can be given, and often 
_., the most histocompatible of several potential donors can 

` be chosen. The continuation of long term follow-up stud- 
ies of living donors is imperative to provide information 
that will best enable the prospective donor to give in- 
formed consent. 
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DISCUSSION 


Dr. JOHN C. MCDONALD (Shreveport, Louisiana): Dr. Richie has 
advised us that one of the stimuli for this review was a suggestion that 
the results of cadaver donor renal transplantation were now sufficiently 
good to call into question the use of living donors. 

These investigators have studied the long-term risks to the living donor 
and find them insufficient to abandon the process. I agree with this con- 
clusion, although I believe that everyone who performs living donor 
transplants looks forward to the day when this procedure will be of historic 
interest only. That day is not upon us because, first, the risks to the donor 
are minimal; second, the supply of organs is inadequate: and third, the 
results of cadaver donor grafts are not comparable to those that are 
obtained now with living donor grafts. 

(Slide) These are the results that are published from the institutions 
who had the first opportunity to use cyclosporine as an investigative 
drug, and you will see that the best result at the 1-year survival was 80% 
and ranged from approximately 72 to 80%. 

(Slide) This is a later study from the Southeastern Organ Procurement 
data, involving 1400 patients’ grafts treated with cyclosporine compared 
to 561 under conventional treatment. At 12 months, the survival of the 
cadaver donor graft under cyclosporine therapy is 72%. 

Compare that to the results from living donor grafts that exclude HLA 
identicals that were performed at centers directed by members of this 
institution. This is from the Florida group; (Slide) these are haplo-identical 
grafts with a 94% 2-year survival rate in patients who receive random 
blood transfusion from living related donors. 

This is another series by the Alabama group, Drs. Whelchel and 
Diethelm using aged blood for donor specific transfusions, and shows a 


3-year survival of 85%. 


I believe that I would be remiss if 1 did not comment on the compli- 
cation rate reported in this series, which in my opinion might be reduced 
by perhaps as much as 50% by abandoning the transabdominal route 
for the retroperitoneal approach, and avoiding the temptation to convert 
a clean operation to a clean contaminated operation by performing elec- 
tive appendectomies and other such operations during the procedure. 

This would have avoided several splenic injuries, secondary bowel 
obstructions, a renal injury, some wound complications, and perhaps 
have reduced an infection rate of the wound from about 4 to 1%. 

I wonder if this analysis has convinced Dr. Richie and his group of 
the need for the change in the technique of operative removal of living 
donor kidneys. 

This is an important contribution, and I appreciate the invitation to 
discuss it. 


DR. ARNOLD G. DIETHELM (Birmingham, Alabama): Dr. Richie and 


*” colleagues as usual have addressed an important question, which is: What 


tt. 
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is the effect of a unilateral nephrectomy upon a healthy individual in 
the use of that kidney for transplantation? 

I think there is no one that enjoys the operation, and few of us enjoy 
asking for the organ. However, as Dr. McDonald just indicated, there 
are no results at the present time that can equal those of living donor 
transplantation. 

Certainly the 4 antigen matched patient has a superb result, with a 
90-95%, 5-year graft survival when one uses donor specific transfusions. 
Recipients of kidneys with a 2 antigen or a one-haplotype match provide 
results as noted again by Dr. McDonald. 

An important question pertains to the effect of hypertension on the 
remaining kidney of those patients that develop hypertension later in 
life. In other words, will hypertension itself have any effect on the renal 
function? And if it has had an effect, then what would that effect be in 
terms of reduction of renal function? 

I enjoyed the opportunity to review the paper and to discuss the data 
with Dr. Richie. I think the data presented today will be not only useful 
at this moment, but will be important for several years to come. 


DR. JOHN DUNN (Closing discussion): | would like to thank Drs. 
McDonald and Diethelm for their remarks. My closing comments will 
be limited to attempting to answer their questions. 

Dr. McDonald stated that a flank approach would cause fewer com- 
plications than the midline abdominal approach. We feel that there are 
advantages and disadvantages with both approaches. While wound in- 
fections and hernias occur to similar degrees, the flank approach un- 
doubtedly would result in fewer splenectomies as well as essentially elim- 
inating problems with small bowel obstruction. 

Some surgeons may feel that the excellent exposure that the transperi- 
toneal approach affords overrides the potential complications incurred 
by this approach. We believe that whether the flank or the midline ap- 
proach is used should be the choice of the surgeon. I should note that, 
as of January 1985, we have begun to use the flank approach in ap- 
proximately half of the donors. 

Dr. Diethelm asked whether there was a correlation between renal 
function and hypertension, and, in our group of donors, we have not 
found this correlation. It should be noted that those who developed def- 
inite hypertension did so more than 2 years following their nephrectomies. 
Thus, longer follow-up would be needed to establish this relationship in 
this group of living kidney donors. 

Will we continue to use living donors? If the graft and patient survival 
in the cadaveric transplant group are equal to those in the living, related 
transplants and if the number of cadaveric organs available can meet 
the needs of the end-stage renal disease patients, then the continued use 
of living, related donors would be difficult to justify. Until the pool of 
cadaver kidneys can meet these needs, we will continue to use the living, 
related donors. I would like to thank the Association for the privilege of 
the floor. 
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Malignant ascites formation is a grave prognostic sign, but pal- 
liative efforts seem justified in some patients. Lack of knowledge 
concerning the natural history of this process hinders the choice 
of therapeutic options. Over 5 years, 107 patients with untreated 
malignant ascites were reviewed to define their survival. Pan- 
creas (20), ovary (18), and colon (18) were the most frequent 
tumors, with 52% of patients presenting with ascites at the time 
of the initial cancer diagnosis. Cytology evaluation of the ascitic 
fluid was positive for tumor cells in 57% of cases and a high 
protein content was noted in 65%. Mean survival of the entire 
series was only 20 weeks from the time of diagnosis of ascites, 
with tumors of ovarian and lymphatic origin having better mean 
survivals of 32 and 58 weeks, respectively. Patients with high 
ascitic protein levels fared better than those with low levels. In 
an effort to explain this correlation of elevated protein levels 
and a favorable survival rate, a hypothesis was proposed that 
certain tumors secrete a factor, which alters vascular permeability 
and causes fluid accumulation in the absence of lymphatic ob- 
struction. In an experimental rat model of malignant ascites, the 
intraperitoneal infusion of cell-free malignant ascitic fluid caused 
an increase in edema formation and a significant increase in cap- 
illary permeability to protein in the omentum. This demonstrated 
change in the Jeak of protein explains the formation of ascites 
by some tumors in the absence of tumor obstruction of the drain- 
ing lymphatics of the peritoneal cavity and suggests another im- 
portant mechanism in the genesis of malignant ascites. 


HE FORMATION OF ASCITES as part of the contin- 
uum of a malignant process has been recognized 
as a grave prognostic sign.' Despite the limited 

survival of many of these unfortunate patients, discomfort 
and overall well-being are sufficient problems to justify 
palliative efforts. Multiple treatments directed at the fluid 
accumulations have been recommended for such patients, 
and a few individuals seem to benefit significantly from 
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these therapeutic interventions.2~* However, the choice 
from among the various treatment options is difficult be- 
cause little is known about the natural history of patients 
with malignant ascites. In an effort to better define the 
clinical factors that determine the length of survival of 
patients who develop a peritoneal effusion in association 
with a malignancy, our clinical experience with untreated 
malignant ascites over a 5-year period was reviewed. 

During this review, it became apparent that patients 
with a high protein concentration in the ascitic fluid fared 
better in length of survival when compared to those pa- 
tients with low ascitic protein levels. The formation of 
peritoneal fluid is usually a transudative process, and a 
change in the vascular permeability to large molecules is 
necessary to account for these elevated protein levels. 
However, previous studies*® have emphasized the im- 
portance of obstruction of diaphragmatic lymphatics as 
the primary etiologic process in the formation of malig- 
nant ascites, although lymphatic blockage alone should 
not change vascular permeability and increase peritoneal 
fluid protein concentration. 

Based on these clinical findings, we hypothesized that 
certain tumors produce diffusable factors, which are pres- 
ent in extracellular fluid and are responsible at least in 
part for an alteration in microvascular permeability, thus 
favoring fluid and protein accumulation in the intersti- 
tium and body cavities. To substantiate this theory, the 
effects of malignant ascitic fluid on peritoneal microvas- 
cular permeability were studied in a rat model. Using the 
Walker 256 carcinoma as a source of cell-free ascitic fluid, - 
we measured the permeability of protein in the omentum 
of normal rats after 3 days of an intraperitoneal infusion 
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of fluid. An increase in the leak of protein in this model 
where no lymphatic obstruction was present would give 
evidence for the presence of permeability factors in ma- 
lignant ascitic fluid. 


Clinical Material 


The records, from three University of Louisville affil- 
iated hospitals, of patients who had ascites secondary to 
a cancer from January 1980 through December 1984 were 
reviewed. Malignant ascites was defined as a clinically 
evident fluid accumulation within the abdominal cavity 
assaciated with a disseminated malignancy in the absence 
of hepatic cirrhosis. All ovarian tumors where fluid was 
submitted to the laboratory simply as peritoneal washings 
were excluded, unless gross clinical ascites was present at 
the time of laparotomy or developed during the subse- 
quent course of the disease. Any patient who had therapy 
specifically directed toward the peritoneal effusion was 
similarly excluded from further analysis. All of the clinical 
features of these patients were reviewed, with particular 
„tention focused: an the time of diagnosis of the ascites 
* and the chemical or cellular makeup of the fluid. 


Results 


One hundred seven patients. developed clinically ap- 
parent ascites associated with a malignancy during the 
period surveyed. None of these patients had specific ther- 
apy primarily directed toward the peritoneal effusion, al- 
though the majority were administered diuretic medica- 
tion. There were 57 men and 50 women ranging in’ age 
from 28 to 83 years. The primary malignancies are listed 
in Table 1. The tumors most commonly associated with 
ascites formation were of intra-abdominal origin, with 
pancreas, colon, and ovary the predominant sites of the 
primary malignancy. The most frequent extra-abdominal 
tumors responsible for malignant ascites were of lymphatic 
origin. 

The diagnosis of ascites was apparent in all of the pa- 
tients from clinical findings, as noted from the entries 
made by the physicians in the chart. Abdominal distention 
with a palpable fluid wave was listed as the primary di- 
agnostic finding in 96 patients, while shifting dullness was 
noted i in the remainder. Radiographic studies were ob- 
tained in 94 patients at the time of ascites diagnosis. The 
plain abdominal film confirmed the presence of peritoneal 
fluid in 40 of these cases (43%). The radiographic report 
of the computed tomography (CT) scan mentioned the 
presence of ascites in 30 of 38 ‘studies (79%), while the 
ultrasound noted the presence of fluid i in only 18 of 26 
readings (69%). 


~~ Fifty-six patients (52%) had clinically apparent ascites 


at the time of their initial cancer diagnosis. The advanced 
stage of the disease was evident in the majority of patients, 
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TABLE 1. Malignant Ascites: Site of Pirm aa 





No. of 

Tumors f ne D ` Complaint 
Pancreas 20 14 
Ovary 18 15 
Colon 18 5 
Lymphatic system 10 -6 
Uterus/cervix 9 3 
Stomach 8 5 
Lung 7 2 
Liver/biliary 4 3 
Breast 3 — 
Renal 3 1 
Unknown 2 2 
Prostate 2 — 
Testes 1 — 
Bladder 1 = 
Retroperitoneal sarcoma 1 — 
Total 107 56 (52%) 


with only 17 undergoing an attempted curative resection ” 
at the time of diagnosis of the primary tumor. A palliative 
or diagnostic procedure could be done only in 71 patients. 
at this time, while 19 patients had no operative therapy 
attempted when the malignancy first became apparent. 
An attempt at estimating the extent of disease at the time 
of onset of ascites was made by the authors from the data 
available in the hospital record. Forty-seven patients had 
primarily liver and nodal involvement, while another 50 
were thought to have a significant’ amount of diffuse peri- 
toneal'spread of tumor. Ten patients either had extremely 
small tumor burdens or could not be classified into one 
of these two groups based on the data that were available. 
Further evidence of the widespread extent of the disease 
is evident from the fact that 44 patients (41%) i in this 
series had clinically apparent pleural and/or pulmonary 
involvement at the time of ascites presentation, 
Cytologic and/or biochemical analyses of the ascitic 
fluid were available in 94 patients (Table 2). Sixty-four 
were obtained by percutaneous needle aspiration of the 


TABLE 2. Malignant Ascites Characteristics 





No. of 

Patients (%) 
Cytology fasilive 52 (57) - i 
Cytology negative 40 (43) 
RBC* > 20,000 cells/ml 23 (34) 
RBC < 20,000 cells/ml 45 (66) 
WBCł > 1,000 cells/ml 20 (40) 
WEC < 1,000 cells/ml 30 (60) 
Protein > 2.5 g/100 ml 34 (65) 
Protein < 2.5 g/100 ml 


- 18 (35) 


* RBC = red blood cell. 
+ WBC = white blood cell. 


SURVIVAL TIME 
MEAN 
g MAXIMAL 





10 20 30 40 50 60 70 89 280 
WEEKS 


Fic. |. Mean and maximal patient survival times from the time of di- 
agnosis of ascites for different tumor groups. 


abdominal cavity, while 30 specimens were collected at 
the time of celiotomy. A protein content of greater than 
2.5 g/100 ml was found in 65% of determinable cases. 
This high ascites protein content, when compared to the 
serum protein level, showed an ascites/serum ratio of 
greater than 0.4, implying a change in the peritoneal per- 
meability to protein in 71% of cases. Essentially all of the 
tumors of reproductive origin (ovary, uterus, and testes) 
had a ratio of greater than 0.4 (12 of 12), as did tumors 
of lymphatic origin (9 of 10). On the other hand, ascites 
from adenocarcinomas of the alimentary tract had a ratio 
below 0.4 in 10 of 16 measurements. 

Mean and maximal survival times from the time of 
diagnosis of ascites are shown in Figure 1. Tumors of 
lymphatic and ovarian origin have the longest survivals 
among the 107 patients studied, with three women who 
had primary ovarian tumors alive and free of disease and 
ascites at the time of this review. Adenocarcinomas of the 
upper alimentary tract had the poorest survivals, with a 
mean survival from the onset of ascites of only about 10 
weeks. Patients with colonic and female reproductive tract 
tumors fared a little better, with mean survivals of 16 and 


SURVIVAL TIME 








50 
WEEKS 


Fic. 2. Mean and maximal patient survival times from the time of di- 
agnosis of ascites comparing the protein content of the ascitic fluid. 
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19 weeks, respectively. Overall, once a tumor progresses 
to the formation of ascites, the survival is on average less 
than 20 weeks, with a few long-term survivors and ap- 
parent cures noted in patients with ovarian carcinomas 
(Fig. 2). Tumors with a high protein concentration within 
the ascitic fluid have longer survivals than tumors that 
form a simple transudate within the peritoneal cavity. 


Experimental Studies 


To study the significance and validity of the change in 
permeability noted in these patients, we used the Walker 
256 carcinoma, which establishes multiple tumor implants 
on the peritoneal surfaces of rats when injected into the 
abdominal cavity. Clear ascites formation follows soon 
after tumor implantation and becomes bloody within 7 
days. Intramuscular tumors from carrier animals were 
harvested, diced, and forced through a wire mesh under 
sterile conditions. A 2-ml suspension of tumor cells (1 
X 10° cells/ml) in saline was injected into the peritoneal 
cavity of Sprague-Dawley rats (175-225 gm). Palpable as- 
cites was noted on day 6 or 7, at which time the animals 
were killed by decapitation and the ascites aspirated under 
sterile conditions. 

The collected ascites was centrifuged and the super- 
natant aspirated. The absence of cellular material was 
confirmed by hemocytometer examination under a light 
microscope. A small amount was cultured on blood agar 
plates to assure sterility of the sample. All sterile, cell-free 
specimens were then pooled, the protein concentration 
determined by the method of Lowry,’ and the osmolarity 
was determined by freezing point depression using an os- 
mometer. Eight-ml volumes were then individually pack- 
aged in syringes and kept frozen at —20 C until used for 
infusion. 

Serum was prepared by sterile exsanguination of tumor- 
free animals by cardiac puncture. Specimens were allowed 
to clot, centrifuged, and the supernatant aspirated using 
sterile technique. Once sterility was assured by culturing 
on blood agar plates, all specimens were pooled and the 
protein and osmolarity determined. Adjustment of the 
protein and osmolarity concentrations to coincide with 
those of the ascites was accomplished by a 1:1 volume 
dilution with Ringer’s solution. The final pool then was 
divided into 8-ml volumes and kept frozen until used for 
infusion. 

Male Sprague-Dawley rats weighing 175-205 g were 
used for the infusion protocols. All animals were anes- 
thetized with ketamine (35 mg/kg) and xylazine (5 mg/ 
kg) prior to surgical manipulation. Under sterile condi- 
tions, a silicone rubber infusion catheter was placed in 
the peritoneal cavity at laparotomy and tunneled sub- 
cutaneously to exit in the midtail. The exit site was pro- 
tected by a wire mesh shield, and the tail and catheter 
were suspended from the top of the cage. Following cath- 


ae 
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eter placement, animals were individually housed, 
weighed daily, and allowed free access to food and water. 
Catheters were connected to a pump set to deliver 8 ml 
by slow infusion over a 24-hour period. Following 3 days 
of baseline infusion with normal saline, animals were 
randomized to receive either saline, serum, or cell-free 
malignant ascitic fluid at 8 ml/24 hours for a subsequent 
72-hour period. All animals that were not fully acclimated 
to the infusion apparatus or had not recovered from the 
surgical procedure, as evidenced by a stable or gaining 
weight pattern, were not used in the infusion protocol. 
‘Capillary permeability to protein was ‘quantitated bya 
technique using Evans blue dye. This technique has been 
used to measure the vascular permeability of proteins in 
previous expéeriments.°*? Intravenous Evans blue com- 
bines with plasma proteins and is distributed within the 
intravascular space. An increase in capillary permeability 
will be reflected by an increased concentration: of: dye 


within the interstitial space. Three hours before termi- . 


nation of the infusion period, animals were anesthetized 
lightly, and an intravenous (I.V.) injection of Evans blue 
dye (2 mg/100 g body weight) was given. When the ani- 
mals were killed, blood was obtained for determination 
of hematocrit and plasma protein concentration. A 
0.5-ml aliquot of plastha then was diluted with formamide 
to a 3% solution by volume and the color intensity’ of 
Evans blue dye measured at 620 mm in a spectrophotom- 
eter. Omental specimens were blotted dry, halved, and 
weighed. One-half of the tissue then was placed in a drying 
oven and the weight determined daily until stable. The 
other half of the omentum was eluted in 3 ml of form- 
amide solution for 72 hours and the optical density of the 
eluate read at 620 mm ina spectrophotometer. 

l Results ` were “expressed in terms of tissue wet-to-dry 
weight ratios, which reflect the amount of fluid present 
within the tissues. The optical density of the eluated tissue 
supernatant per dry weight tissue (OD eluted/dry wt) and 
the optical density of the eluate per optical density of the 
plasma per dry weight (OD eluted/OD plasma/dry wt 
omentum) were calculated. OD eluted/dry wt is indicative 
of the amount of plasma and interstitial protein within 
the omentum, while the OD eluted/OD plasma/dry wt 
calculation corrects for'the amount of plasma within the 
tissue itself at the time of harvest. Both of these ‘numbers 
are indicators of the degree of plasma protein leak from 
the intravascular space into the interstitium. Values for 
each study group were expressed as the arithmetic means 
+ the standard deviation. The data were analyzed by one- 
way analysis of variance and differences between individ- 
ual groups by the Student’s t-test. 


` Results 


Intraperitoneal implantation provided consistent ascites 
formation after 6to7 days. Each animal provided 20-25 
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- TABLE 3. Final Blood Values of Rats Following Three Days 
of an Intraperitoneal Infusion 


i Plasma Protein 
Hematocrit (g/100 ml) 
Infusion Group : : : cae ot 
(N= 8) Mean SD Mean SD 
Catheter : 

(no infusion) 4.39 0.31 5.56 0.72 
Saline (0. 9%} 4.13 0.48 5.54 0.63 
Serum i 4.15 0.34 6.07 0.87 
Malignant i 

“ascites 4.06 5.84 0.89 





mi of fluid for processing. Once pooled, the resultant mix- 
ture: of cell-free malignant ascites fluid contained 3.75 g/ 
100 ml of protein, with an ‘osmolarity of 290 miliosmoles. 
The collected serum pool from normal animals had 6.76 
g/100 ml of protein and thus was diluted 1:1 with Ringer’s 
solution to yield a closer protein coricentration and os- 
molarity to the ascitic ‘fluid. The final serum infusate had , 
3.38 g/100 ml of protein and an osmolarity of 283. — 
Tables 3 and 4 show the results obtained. from the in- 
fusion groups: along with a control group, where only an 
intraperitoneal catheter ` was placed for the ‘6-day period 
but no infusions were admininstered. All animal groups 
were comparable with respect to hematocrit and plasma 
protein concentration when the animals were killed (Table 


3). Significant differences are noted for each study: param- 


eter of the excised omental tissues (p < 0.05). Ani increase 
in tissue edema is ‘noted for each study group, as evidenced 
by the increased wet/dry weight ratios. However, animals 
infused with cell-free malignant ascitic fluid had signifi- 
cantly more omental edema formation than saline con- 
trols or animals infused with a ı comparable osmotic and 
protein contept (p = 0. 05). 

: A similar difference was noted i in the Evans blue dye 
studies of vascular permeability. The’ optical densities of 
the omental eluates.are greater in each successive group. 


“ 


TABLE 4. Measurements of Edema and Vascular Permeability in the 
Rat Omentum Halong Taree ia of a lal Infusion ` 


OD Eluted/: 
Wet Wt/Dry oD Eluted/ Plasma OD/ 
Wt of Wt Dry Wt 
Infusion Omentum Omentum Omentum 
Group er ts) donk a fs 
(N = 8) Mean S.D.* Mean S.D. Mean SD. 
Catheter 
(no infusion) 3.07 0.37 1.52 0.39 3.92 0.75 
Salinė (0.9%) 3.397 0.26 1.55 0:15 4.52 0.56 
Serum 3.61 0.36 1.57 0.30 4.81 1.32 
Malignant é ' 
* ascites 3.91 0.25+ 0.45¢ 6.55 1.32t- 


* S.D. = Standard deviation. 
tp <0.05. 
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A significant difference is seen in the animals infused with 
cell-free malignant ascitic fluid when compared to each 
of the other infusion groups (p < 0.05). This difference 
in the permeability of the microvasculature to macro- 
molecular molecules remains even when an adjustment 
for the contribution of the plasma dye within the omental 
tissue is compared (OD eluate/plasma OD/dry wt). 


Discussion 


Peritoneal effusions are a common terminal path for . 


many tumors of diffuse origin. Various treatments have 
been advocated for the relief of this disabling camplication 
of malignant disease, but no single regimen has been 
shown to yield superior results.!* Generally, the prognosis 
of patients at this stage of the diséase is very poor, as has 
been confirmed by our patient review, and only minimal 
supportive therapy is indicated. In the absence of a clear 
understanding of the natural history and etiology of ma- 
lignant ascites, a rational choice of the many palliative 
options available to the clinician can be made only with 
difficulty. A few patients have a better survival than the 
group as a whole, and therapies that help to relieve the 
discomfort of the ascites fluid'accumulation would be best 
applied to these few individuals. 

In this retrospective review of 107 patients with malig- 
nant ascites, a variety of tumors was found. Males pre- 
dominate, and pancreas adenocarcinoma was the most 
prevalent tumor partially because of the inclusion of pa- 
tients from a Veterans Administration Medical Center. 
Tumors of ovarian origin were the most common to pro- 
duce malignant ascites in a general hospital population. 
Except for an occasional ovarian tumor, the development 
of ascites can be seen as a preterminal event, with the 
average patient surviving only 20 weeks. In 56 of our pa- 
tients, ascites was a major component of the presenting 
complaints, which led to the diagnosis of malignancy. 
Malignant ascites tends to be a process seen in untreated, 
neglected, and far-advanced disease, as evidenced by the 
fact that only 16% of our patients had an attempted cu- 
rative resection of the primary tumor during the course 
of the malignancy. l 

The ascitic fluid characteristics were highly variable in 
Dur patients, and no single finding except for the presence 
of malignant cells was diagnostic of tumor. A positive 
cytology was found in 57% of our patients but was not 
predictive of life expectancy. One long-term survivor of 
4 years had malignant cells in her initial ascites specimen. 
This finding is contrary to the studies of Yamada and 


_ associates, '° 2 where the size of the cancer cell clusters found 


zn the fluid specimen correlated with a longer suryival 
than patients with diffuse noncluster-forming cells. This 
study used a positive cytology in the criteria for the di- 
agnosis of a malignant peritoneal effusion, and the ma- 
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jority of tumors analyzed were of alimentary tract origin; 
our study includes all patients with ascites and a malig- 
nancy who did not have hepatic cirrhosis as an etiology 
for the fluid collection. Since our cytology specimens were 
not classified according to cluster formation, we cannot 
verify the predictive value of cluster cell formation. 

A comparison of the ascitic protein concentration in 
our series was helpful in anticipating a longer survival. 
Patients who had an ascites/serum protein ratio greater ` 
than 0.4 had a mean suryival of 18 weeks, with three 
patients alive at 3, 4, and 5 years, while patients with a. 
ratio lower than 0.4 had no long-term survivors and a 
mean of only 10 weeks. Tumors of the reproductive tract 
(ovary, uterus, and testes) and the lymphatic system were 
grouped into this high protein ratio category, with orily 
one exception, while tumors of the alimentary tract tended 
to have a low protein ratio and short mean survival. The 
one patient who did not fit this grouping suffered from a 
lymphocytic lymphoma and died only 8 weeks following 
ascites formation. Patients with reproductive or lymphatic 
tumors who have a high protein concentration in the 
peritoneal fluid appear to benefit mostly from an invasive 
procedure to drain or relieve the ascitic fluid, while other : 
patients would be better managed by temporary drainage. 
Our data contains only two patients with tumors of the 
breast, so meaningful comments cannot be made for this 
tumor; however, other inyestigators'’ have noted good 
palliative results with peritoneovenous shunts in breast 
cancer patients. 

Radiologic evaluation of the abdomen was helpful in 
confirming the presence of fluid in our patients. All of 
these patients had physical exam findings consistent with 
the diagnosis of an intra-abdominal fluid accumulation; 
this was confirmed by plain abdominal films in 43% of 
the cases where the study was obtained (N = 94). The 
ultrasound report mentioned the presence of fluid in 69% 
of 26 studies, while the CT scan was positive in 79% of | 
38 exams. Ultrasonography and computed axial tomog- 
raphy are considered quite sensitive in detecting as little 
as 100 ml of ascitic fluid, while physical exam yields vary- 
ing results." This discrepancy between our results and 
the literature demonstrates that the accuracy of any exam 
rests on-the astute observer. Four of these negative exams 
were blindly reviewed by another radiologist, and fluid 
was evident on all four, although not mentioned on the 
first report. l 

Endothelial permeability has received little attention 
for its role’ in the formation of malignant ascites. The 
degree to which an increase in fluid production contributes 
to the accumulation of peritoneal fluid is poorly defined. 
Coates and associates’? showed that 85% of patients with 
ascites secondary to a malignancy had no detectable ra- 
dioactivity above the diaphragm by mediastinal lym- 
phoscintigraphic examination following the injection of 
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radiocolloid into the peritoneal cavities, although the re- 
maining patients had no obstruction of diaphragmatic 
lymphatics. In the present experimental study, lymphatic 
obstruction was eliminated as a cause of increased edema 
formation because the ascitic fluid infused was free of 
tumor cells. l 

In our clinical patients reported herein, malignant as- 
cites from a large variety of tumors had a high concen- 
tration of protein in 71% of cases. This high protein con- 
tent in the ascitic fluid was more consistent with a change 
in vascular permeability as a factor in the accumulation 
of the edema. In the absence of a permeability change, 
peritoneal fluid would have the characteristics of a tran- 
sudate with a low protein concentration. Our hypothesis 
that tumor-secreted factors might alter capillary perme- 
ability is consistent with these facts. 

The intra-abdominal growth of Walker 256 carcinoma 
in the rat serves as an animal model of diffuse abdominal 
carcinomatosis and malignant ascites. Heuser'* has shown 
that protamine sulfate, a known inhibitor of angiogenesis, 
when topically infused into the peritoneal cavities of tu- 
mor-bearing animals, prevented the diffuse proliferation 
of tumor; however, ascites continued to be formed. This 
implied that the Walker 256 carcinoma might produce a 
factor that alters the macromolecular permeability of 
normal vessels, causing edema and fluid accumulation 
within the abdomen. In an effort to explain experimentally 
the high protein concentration we observed in our pa- 
tients, we used this tumor model to test the effect of cell- 
free malignant ascitic fluid on the permeability of normal 
rat omental vessels. 

In this experiment, cell-free malignant ascitic fluid was 
infused intraperitoneally for 3 days, after which edema 
formation and macromolecular permeability in omental 
vessels were measured. Both edema formation and protein 
permeability were altered significantly when malignant 
ascites was topically administered into the peritoneal cav- 
ity. The wet/dry ratios of the excised omentums in our 
animals were clearly higher than comparable volume and 
protein infused controls. Similarly, the concentration of 
interstitial Evans blue dye, a compound that binds to in- 
travascular protein and reflects the concentration of pro- 
tein that has leaked into the interstitial space, was signif- 
icantly higher than control groups in our studies. It is 
implied from these data that our hypothesis was confirmed 
in this model and that some tumors produce a factor that 
can alter the permeability of normal vessels, causing 
edema and an increased protein concentration within the 
interstitial space. The role this change in permeability 
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plays in the formation of clinical malignant ascites remains 
to be defined. 

The obstruction of subdiaphragmatic lymphatics is re- 
ported to be the primary etiologic factor preventing the 
absorption of intraperitoneal fluid and thus the formation 
of ascites. This clinical and experimental report focuses 
on another important mechanism in the genesis of ma- 
lignant ascites. There appear to be tumor-induced factors, 
that alter macromolecular permeability favoring intersti- 
tial fluid accumulation. Whether this leak of protein is 
reflective of the process of tumor angiogenesis and the 
friability of the newly formed vessels!> or is an actual al- 
teration of the permeability of existing vessels remains to 
be defined. We suggest that the purpose of a specific tumor 
factor to increase macromolecular permeability is to pro- 
vide an enriched nutrient supply for the excessive growth 
needs of the malignancy. 
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DISCUSSION 


Dr. KIRBY I. BLAND (Gainesville, Florida): I wish to thank Dr. Gar- 
rison and his colleagues for the opportunity to discuss this paper and for 
forwarding the manuscript to me in advance for review. 

I encourage the membership and the students of this disease to look 
at the comprehensive manuscript that was presented at the Association 
for Academic Surgery last month with regard to their animal model, 
which, together with this paper, allows much more insight into the 
pathophysiology of malignant ascites formation. 

These clinical observations and the experimental data presented appear 
to support a tumor-produced factor that alters host blood vessel growth 
and permeability, rather than a more simplistic explanation of subdia- 
phragmatic venous obstruction. The authors provide supportive data in 
the Walker 256 carcinoma model that angiogenesis is primarily respon- 
sible for the major component of the increase in preoperative peritoneal 
and hepatic leakage of malignant ascitic fluid. Dr. Garrison acknowledges, 
and I feel correctly so, that other tumor-induced factors are present that 
alter vascular permeability, but these have not as yet been elucidated. 

Neal, | have one comment and two questions for you. You have ac- 
knowledged that patients with tumors that have a high protein concen- 
tration within the ascitic fluid have longer survivals than those with tumors 
that form a simple transudate within the peritoneal cavity. Indeed, this 
was Statistically different in the rats that were infused intraperitoneally 
e „With a cell-free malignant ascites. We appreciate that the net transfer of 
protein toward the peritoneal third space compartment occurs at the 
expense of the intra- and extravascular compartments. Thus, in effect. 
in your model of this ratio of the ascitic fluid protein to the serum protein, 
the ratio reflects an increase in the numerator of that ratio. As a result, 
we see a shift to a higher value and one that is greater than 0.4. which 
would convey a meaningful explanation of an increase in survivorship 
for these patients. As a matter of fact, that is a paradoxical effect. You 
are actually observing that you have an increased survivorship in patients 
who are nutritionally depleted, hypoproteinemic, catabolic, and preter- 
minal. This is difficult to explain in view of the dynamic fluctuations of 
both intra- and extravascular fluid components and their contributions 
to the ascitic fluid protein compartment. 

Could you give us more insight into that issue, and, finally, could you 
please explain the survival differences in these patients who are all cat- 
egorically stage IV disease? Would you think that a better interpretation 
of these observations could be best explained by the tumor volume of 
these patients? 

1 enjoyed this paper very much, and thank the Association for the 
privilege of the floor. 


Dr. HARVEY J. SUGERMAN (Richmond, Virginia): This study of the 
tragic course of malignant ascites from the University of Louisville rep- 
resents the ideal in academic surgery: to evaluate a clinical problem and 
then go to the laboratory to answer the basic questions raised so that 
improved therapy might be developed that will prolong the productive 
lives of all of our patients. 

I suspect that the reason Dr. Garrison asked me to discuss his paper 
was because of my interest in pulmonary protein permeability in adult 
respiratory distress syndrome. Perhaps 1 could offer a few suggestions 
for future studies regarding the protein permeability data. 

In that context I would like to ask several questions: 

First, you stated that the ascites to serum protein ratio of 0.4 or more 
implied increased peritoneal permeability to protein in 71% of the cases. 
Could not this increased ratio have been secondary to protein secretion 
by the malignant cells rather than permeability in the human studies? 
This was certainly ruled out as a possibility in the animal data, where 
the studies involved the use of cell-free malignant fluid. Perhaps, and 
maybe you could comment on this in regard to Dr. Bland’s question 
also, the increased duration of survival in patients with protein-rich fluid 
was possibly secondary to more well-differentiated tumor cells that re- 
tained their protein synthetic and secretory functions. 

Second, in the animal studies, did you examine the peritoneal fluid 
itself, in addition to the eluted omental fluid, for the presence of Evans 
blue dye? 

Third, although you found an increase in the wet weight to dry weight 
ratio in the omental tissue, could this not have been due in part to an 
increased blood volume in the omentum? In future studies, | would like 
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to suggest a technique borrowed from the pulmonary extravascular lung 
water literature, namely, the Pierce gravimetric method of correcting for 
blood contamination by homogenizing the tissue and measuring its he- 
moglobin content. One can then correct back to the original tissue ex- 
travascular water volume. 

Fourth, you corrected for the effect of plasma Evans blue contami- 
nation by dividing the eluted Evans blue optical density by the plasma 
Evans blue optical density. I question if this solves the problem of blood 
volume changes. Again, you can get around this issue by using the Pierce 
gravimetric technique, and subtracting the effect of plasma extravasation. 

Finally, would you mention your interesting hypothesis regarding 
neovascularization and its effect on malignant ascites formation? 

Again, | would like to compliment the authors for combining a clinical 
study with basic animal sleuth work. 


Dr. EUGENE H. SHIVELY (Campbellsville, Kentucky): Thank you very 
much for the opportunity to discuss this paper. | would like to thank 
Dr. Garrison for letting me read the manuscript before it was presented. 

Last year we had the opportunity to review the literature on this subject. 
(Slide) There are many different ways of treating this problem, none of 
which work very well. (Slide) We attempted to come up with a nor- 
mogram for treating these patients, but first I would like to emphasize 
that it is important to determine the etiology of malignant ascites. Patients 
with carcinoma of the ovary, testes, and lymphomas can be treated and 
sometimes cured. We have two patients with stages HI and IV carcinoma 
of the ovary who have been treated with cytoreductive surgery and in- 
tensive chemotherapy. At second look operations, they have no evidence 
of tumor. 

If it is not possible to give definitive treatment, then the best treatment 
is diuretics; and if the patient responds, then he should be sent home on 
maintenance dosage. If this does not work, occasionally a paracentesis 
in an attempt to get all the ascitic fluid out will work. 

Patients who get recurrences are then divided into four categories. 
Those with large abdominal masses have a very short life expectancy 
because of the massive volume of tumor and probably are best treated 
with repeat paracentesis. Patients who have negative cytology but have 
normal liver functions with bilirubin greater than 4 or a protime greater 
than 4 minutes beyond the control are best treated with paracentesis. If 
these patients are shunted, they often develop DIC or hepatic failure. 
Patients with positive cytology are probably best treated with a P32. 
Patients with no malignant cells and normal liver function are probably 
best treated with peritoneal venous shunting. 

I have a couple of questions for Dr. Garrison. What do you postulate 
to be the factor causing the capillary permeability change? In your ex- 
perience, what has been the best palliation for these patients? 

Thank you very much. 


Dr. HAROLD J. WANEBO (Charlottesville, Virginia): Mr. President 
and Members of the Association, I rise partly out of naivete. 

First of all, I would compliment the authors on their approach of 
examining difficult clinical problems and taking it to the lab. I would 
like to ask them whether the omentum may be a major factor in the 
ascites in these patients. The reason I say this is that frequently in exploring 
patients with carcinomatous ascites, one is struck by the fact that many 
of them will have massive omental metastases. One wonders whether 
there may be additional factors, aside from the ones that were mentioned, 
which may have some effect on the omentum itself (and secondarily 
limit lymphatic drainage from the peritoneal cavity). 

Secondly, of course, numerous factors have been described in the 
omentum, including a recent report of angiogenesis factors. As many of 
you remember, years ago people transplanted the omentum to edematous 
extremities in an effort to reduce lymphedema. Thus, one would wonder 
whether the tumor could be releasing factors that have direct effect on 
the omentum (i.e., promote edema). 

In your model, you directly infused the extract into the peritoneal 
cavity, which did have an effect on the tissues you had happened to 
measure, i.e., the omentum. One wonders whether you would have seen 
the same changes in other tissues in the cavity such as the peritoneum 
itself. Thus, one might pose questions that could be addressed in your 
model. For example, by injecting the material intravenously, would this 
actually induce the effect in a target organ? And would the omentum be 
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that target organ that I suggest it might be? (Or would you also see it in 
other tissues?) 

Also, are there any clinical applications of your experimental data? 

I want to thank the authors for allowing me to discuss their paper and 
the Association for the privilege of the floor. 


Dr. R. NEAL GARRISON (Closing discussion): Thank you, Dr. Cerise. 
I will try to direct these questions one at a time if I might. 

Dr. Bland, you asked the question about the peritoneal to serum protein 
ratio of 0.4 and whether this might be due to serum hypoproteinemia. 
We used 0.4 because we felt that that did correct for those patients who 
were hypoproteinemic. The classic description of a transudative fluid is 
one of less than 2'4 milligrams per decaliter of protein. That does not 
account for where the protein is coming from, and, if you have a hy- 
poproteinemia patient, then 2 grams or 2.2 grams of protein within the 
peritoneal fluid might be a better indication of active protein leakage or 
secretion into the abdominal cavity. 

lam not really sure of the reason why the high protein ratio patients 
survived longer other than that, potentially, the small volumes of tumor 
that secrete this factor increase the survival simply because a smaller 
tumor mass can express itself earlier with fluid accumulation. This would 
be opposite to obstruction of lymphatics, which is a process that takes 
a lot of tumor and tumor volume in order to obstruct all of the lymphatics 
that drain through the diaphragmatic lymphatics. 

Dr. Sugerman, possibly active protein secretion is an explanation for 
the high protein concentrations within the peritoneal fluid. Certainly, 


a that is something that we have not looked at. We simply postulated that 


it was coming from the intravascular space. I am not quite sure how we 
would get a handle on active protein secretion. Certainly, most of these 
tumor cells are viable cells and do actively have metabolic processes 
going on. : 

There was very little peritoneal fluid in the cavities of the rats that we 
studied at the time they were killed. Most of this fluid is picked up by 
the diaphragmatic lymphatics because there is no obstruction, and so 
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there is really very little fluid to measure the Evans blue dye. Most of 
the abdomens are quite dry except for just a glistening surface. 

We chose the omental tissue because of the large blood supply in that 
tissue as compared to some of the other tissues that we might have sam- 
pled. We have measured the small bowel mesentery, the diaphragm 
muscle, and the liver. Our problem with these tissues comes in the amount 
of blood and plasma present in those tissues. Our results lean toward 
statistical significance but do not correlate as well as does the omental 
tissue. We look forward to the use of the Pierce gravimetric technique 
to better define the degree of true permeability change. 

Dr. Shively, your review was quite helpful in the preparation of this 
manuscript. In view of our clinical findings, I recommend only temporary 
measures for those tumors of the alimentary tract where the protein 
ratios are low, while tumors of the ovary and lymphatics systems might 
very well benefit from a peritoneal-venous shunt or an ablative procedure 
with radioactive phosphorus based on the presence or absence of tumor 
cells in the ascitic fluid. 

I suspect that there are a variety of tumor factors present to account 
for the permeability changes that we have measured. One that we tried 
to delineate in a previous paper was that of tumor angiogenesis factor. 
We were able to inhibit partially this permeability change by the topical 
infusion of protamine into these animals along with the malignant ascitic 
fluid. We implied from these experiments that some degree of this leak 
is due to new vessel growth and the subsequent fragility of these new 
vessels. 

Dr. Wanebo, I appreciate your comments. The omentum certainly” 
could be a target organ in this process. It is not thought to be a primary 
drainage lymphatic organ. Again, we used it basically because it had a 
lot of tissue vessels that are very small. Yet, there was very little blood 
volume and plasma involved in the tissue itself. 

We have wanted to do some experiments using intravascular fluid 
infusions of the ascitic fluid. However, we have had a hard time deciding 
exactly how we will measure the permeability changes. Certainly, we are 
going to do that in the omental tissue, but we wanted to do it concom- 
itantly in the lung. We hope to do that in the near future. 

Thank you very much. 
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A Sterile Doppler probe was used for intraoperative monitoring 
of the integrity of carotid endarterectomy of 125 vessels of 107 
patients. Our objective was to reduce the contribution of residual 
carotid lesions to recurrent stenosis, which was evaluated by 
Doppler spectrum analysis in the early (<3 months, 66 arteries) 
and late (3-77 months, mean 32 months, 47 arteries) postop- 
erative period. Intraoperative Doppler monitoring detected re- 
sidual occlusion in six (4.8%) external carotid arteries and ste- 
nosis in ten (8.0%) internal carotid arteries permitting selected 
arteriography and correction of all significant lesions. Follow- 
up revealed one (1.5%) asymptomatic common carotid occlusion 
at 6 weeks and three (6.4%) asymptomatic internal carotid ste- 
noses at 6, 10 and 25 months after operation. When compared 
tə previous published experience, these results suggest that in- 
traoperative correction of residual carotid obstruction detected 
by Doppler ultrasound may reduce the incidence of postoperative 
“recurrent” carotid stenosis. 


HE THERAPEUTIC and prophylactic efficacy of ca- 
rotid endarterectomy in prevention of stroke as- 
sumes a low incidence of perioperative and late 

postoperative complications from this procedure. During 
the past decade, a growing number of reports suggests 
that carotid endarterectomy may be associated with a sig- 
nificant incidence of recurrent carotid stenosis. Although 
the frequency of this complication, when based on re- 
current clinical symptoms, is usually less than 2%,' the 
incidence of recurrent carotid stenosis detected by non- 
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invasive diagnostic techniques has been reported as high 
as 49%.” The contribution of residual carotid disease at 
the time of operation to the overall incidence of “recur- 
rent” carotid stenosis has received little attention. 

Blaisdell et al.? employed intraoperative arteriography 
to document a 26% incidence of technical defects requir- 
ing intraoperative correction following carotid endarter- 
ectomy. Those authors subsequently performed early and 
late postoperative arteriography to document the mor- 
phologic outcome of carotid endarterectomy. Since that 
original report, there have been no other investigations 
of the efficacy of intraoperative monitoring of the integrity 
of carotid endarterectomy in reducing the incidence of 
postoperative residual or recurrent carotid stenosis. In this 
article, we will describe the utility of intraoperative Dopp- 
ler ultrasonography, which was used in a consecutive series 
of carotid endarterectomies performed by the senior au- 
thor over a 6-year period. During the postoperative follow- 
up period extending to 77 months (mean: 32 months), 
Doppler ultrasound was used to define the incidence of 
recurrent carotid stenosis. 


Methods 


Patients 


From July 1977 to June 1983, the senior author per- 
formed 125 carotid endarterectomies on 107 patients at 
the Medical College of Virginia and the Veterans Admin- 
istration Hospital in Richmond, Virginia. There were 74 
men and 33 women ranging in age from 39 to 84 years, 
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with a mean of 63 years. The indications for carotid end- 
arterectomy included transient ischemic attack in 49 pa- 
tients, transient monocular blindness (amaurosis fugax) 
in 30, vertebrobasilar insufficiency in 18, recovered stroke 
in eight, and asymptomatic severe carotid stenosis in 20 
individuals. 


Operative Technique" 


All procedures were performed under general anes- 
thesia. Selective carotid shunting in 38 procedures was 
based on electroencephalographic signs of cerebral isch- 
emia during carotid clamping or an internal carotid back 
(stump) pressure of less than 50 torr. Tacking sutures of 
7-0 polypropylene were required in less than 10% of pa- 
tients. The carotid arteriotomy was closed with fine poly- 
propylene suture without a patch. Detected external ca- 
rotid occlusions were repaired through a separate arteri- 
otomy while maintaining flow in the internal carotid 
artery. Systemic heparin was not reversed at the conclu- 
sion of the procedure. 


” Intraoperative Monitoring 


A sterile continuous-wave Doppler probe with a trans- 
mission frequency of 8-10 MHz was used to interrogate 
the integrity of the flow velocity signals in the common, 
internal, and external carotid arteries after restoring flow 
to these vessels. Sterile saline solution was used to achieve 
acoustic coupling of the Doppler probe with the carotid 
segments. The Doppler arterial signals were evaluated au- 
dibly.° Stenoses were characterized by localized increase 
in Doppler signal frequency, with distal turbulence man- 
ifested by a fluttering or “bubbling” signal. Occlusions 
were documented by absence of Doppler arterial signals. 
In those patients requiring carotid shunting, the Doppler 
probe was used to establish the presence of flow in the 
shunt immediately after its insertion. 

Documented external carotid occlusions were imme- 
diately corrected through a separate arteriotomy in that 
vessel while maintaining flow in the internal carotid ar- 
tery.’ Arteriography was not obtained in those instances. 
Intraoperative arteriography was obtained selectively in 
all patients with abnormal Doppler flow velocity signals 
in the common or internal carotid artery. Significant ab- 
normalities documented by arteriogram were corrected 
by reopening the arteriotomy, with patching of the vessel 
when necessary. 

Prior to wound closure, carotid integrity was assured 
by repeat sterile Doppler probe examination. The direc- 
tion of blood flow in the ophthalmic artery was docu- 
mented using a Doppler probe outside the sterile field, 
while the operating surgeon selectively clamped the ex- 
ternal and internal carotid arteries.” Normally, periorbital 
arterial Doppler signals are augmented by clamping the 
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external carotid artery and attenuated or eliminated by 
compressing the internal carotid artery. Patients with per- 
sistent abnormalities of the periorbital Doppler signal were 
subjected to intraoperative angiography to rule out a re- 
sidual correctable carotid defect. 


Postoperative Care 


Any patient awakening with a neurologic deficit or de- 
veloping a deficit in the postoperative period was im- 
mediately re-evaluated by periorbital and direct carotid 
Doppler studies. Immediate reoperation was considered 
only for patients with an abnormal Doppler study that 
represented a significant change from the intraoperative 
findings. Patients with neurologic defects and a normal 
Doppler study underwent immediate arteriography. 

All patients were prescribed antiplatelet therapy con- 
sisting of aspirin, 300 mg twice weekly for an indefinite 


period, and dipyridamole, 50 mg four times daily for 6 - « 


weeks. 


Follow-up Noninvasive Studies 


Clinical and noninvasive vascular laboratory follow-up 
was limited to patients treated at the Medical College of 
Virginia. Of 73 patients from that institution, 67 (91.8%) 
returned for follow-up in the early and late postoperative 
period. Real-time sound spectrum analysis of carotid ar- 
tery flow signals was performed on 66 operated arteries 
within the first 3 months of operation and on 47 arteries 
in the late follow-up period ranging from 3-77 months, 
with a mean of 32 months. Based on the Doppler spectral 
analysis, vessels were classified as normal, less than 50% 
stenotic, greater than 50% stenotic, or occluded. The ac- 
curacy of this technique in our laboratory previously has 
been reported with a sensitivity of 100% for carotid artery 
lesions of greater than 50% diameter reduction, a sensi- 
tivity of 77% for carotid stenoses less than 50%, and a ` 
specificity of 85% for normal carotid arteries.® 


Data Analysis 


The major response variables evaluated in this study 
included death, nonfatal or fatal stroke, and residual or 
recurrent carotid stenosis of greater than 50% diameter 
reduction. Minor response variables included transient 
ischemic attack and carotid restenosis of less than 50% 
severity. Neurologic deficits were classified into anatomic 
territories relative to the operated carotid artery. Because 
of the variable time period of recruitment of patients into 
the study and the differing lengths of follow-up for each 
patient, all data regarding the postoperative incidence of 
death, stroke, and recurrent carotid stenosis were analyzed 
by the actuarial life-table method. 
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Results 
Intraoperative Results 


A sterile Doppler probe identified obstruction of the 
carotid shunt immediately after its insertion in three of 
38 instances (7.9%). Immediate repositioning of the distal 
end of the shunt re-established flow in two of these cases, 
and lessening of tension on a shunt tourniquet re-estab- 
lished flow in the third instance. 

After re-establishing carotid flow at the conclusion of 
the endarterectomy, Doppler ultrasound identified exter- 
nal carotid occlusion in six of 125 operations (4.8%). In 
each instance, an occlusive residual atheromatous plaque 
was removed through a separate external carotid arteri- 
otomy while flow was maintained in the internal carotid 
artery. Repeat Doppler examination confirmed patency 
of the external carotid artery in each of these cases. 

Doppler evidence of stenosis was identified in ten in- 
ternal carotid arteries (8%). Operative arteriography con- 
firmed the cause of the abnormal Doppler signal in each 
instance, including localized spasm at the site of the distal 
clamp in seven cases, platelet aggregation at the distal end 
of the endarterectomy in two, and a focal stricture at the 
distal end point of the arteriotomy closure in one instance. 
The latter three abnormalities were corrected by reopening 
the vessel with removal of platelet aggregates in two and 
closure of the arteriotomy with a vein patch in one. 
Doppler flow signals were normal at the conclusion of 
the procedure in all cases. 


Perioperative Results 


Three patients (2.4%) awakened with a neurologic def- 
icit. In no instance could the deficit be directly attributed 
to the side of the carotid endarterectomy. One patient 
suffered worsening of a contralateral hemispheric stroke 
on the side of a known carotid occlusion. One patient 
suffered a vertebrobasilar mild stroke with complete re- 
covery. The final patient suffered a temporary hypoxic 
insult following accidental disconnection from the res- 
pirator intraoperatively. There were no perioperative 
transient ischemic attacks. All had normal perioperative 
Doppler studies. 

Within the first 30 days of operation, five patients (4%) 
suffered myocardial infarction. Four patients (3.7%) died, 
three from myocardial infarction and one from a ruptured 
abdominal aortic aneurysm. 


Early Postoperative Results 


During the first 3 months following operation, non- 
invasive studies failed to identify any instance of external 
carotid artery occlusion or recurrent stenosis of the in- 
ternal or common carotid arteries. Of the 66 vessels stud- 
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ied, one asymptomatic common carotid occlusion (1.5%) 
was identified 6 weeks after operation. 

One patient suffered progressive bilateral hemispheric 
strokes associated with presumed postendarterectomy 
hyperperfusion syndrome and died 6 weeks after opera- 
tion. Carotid arteriography revealed a widely patent ca- 
rotid endarterectomy in this patient. 


Late Postoperative Results 


Of the 47 endarterectomized carotid arteries followed 
from 3-77 months after operation (mean: 32 months), 
three (6.4%) showed Doppler evidence of severe (>50%) 
recurrent stenosis at 6, 10, and 25 months after operation. 
None of these recurrent stenoses was associated with 
symptoms. Doppler evidence of minor (<50%) carotid 
restenosis was identified in 18 arteries (38.3%). Only one 
of these showed evidence of disease progression during 
the follow-up. 

Of 67 patients followed clinically in the postoperative 
period, three (3.8%) developed stroke. A hemispheric 
stroke ipsilateral to the operated carotid artery occurred _ 
in two patients 4 and 41 months after operation. Neither 
showed noninvasive or angiographic evidence of recurrent 
carotid stenosis. One patient developed a contralateral 
stroke at 67 months following operation without evidence 
of recurrent carotid stenosis. Eight patients (10%) devel- 
oped transient ischemic attacks. Three were ipsilateral to 
the operated carotid artery, and five were in the vertebro- 
basilar territory. No patient showed evidence of recurrent 
carotid stenosis. 

In the late postoperative period, four patients (6%) de- 
veloped myocardial infarction, and five patients (7.5%) 
died. The causes of death included myocardial infarction 
in three and carcinoma in two. 

The cumulative survivals free of death, stroke, and re- 
current carotid stenosis are depicted in Figure 1. 


Discussion 


Previous reports of residual or recurrent carotid stenosis 
generally have been limited to investigations of carotid 
morphology at one of three time periods: intraoperative 
monitoring, early postoperative studies, and late post- 
operative evaluations. Studies reporting the incidence of 
carotid defects during operation or in the early postop- 
erative period reflect the incidence of presumed residual 
carotid lesions due to technical defects at the time of op- 
eration. Reports of recurrent carotid stenosis in the later 
postoperative period may reflect the combined incidence 
of both residual and new recurrent stenoses, particularly 
if intraoperative or immediate postoperative evaluation 
was not reported. A review of previous reports provides 
a useful perspective to evaluate the importance of our 
own data on the role of intraoperative, early postoperative, 
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Fic. 1. Cumulative survival free of death, stroke, and recurrent carotid 
stenosis. 


and late follow-up evaluations of the integrity of carotid 
arteries following endarterectomy. 

Table 1 reviews the pertinent data from 18 publications 
from 1967 through 1985 on intraoperative monitoring of 
carotid endarterectomy.*>***3 Approximately three- 
fourths of the studies used intraoperative arteriography, 
while the remainder used noninvasive techniques to eval- 
uate the integrity of the endarterectomized carotid seg- 
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ments at the conclusion of the operation. Of the 2274 
reported cases, the overall incidence of residual carotid 
defects was 11.9%, ranging from 5.3-42.9%. Residual de- 
fects in the common or internal carotid artery were re- 
ported in 6.5% of cases, which were predominantly ste- 
noses at the distal end point of the endarterectomized 
segment. External carotid artery lesions, usually occlusions 
associated with a residual atheromatous plaque, were 
noted in 4.4% of the cases. The incidence of defects noted 
by noninvasive techniques was somewhat higher than that 
reported on intraoperative arteriography. 

Table 2 reviews the reported results of 13 studies of 
carotid integrity in the early postoperative period within 
3 months of carotid endarterectomy.*”**3 Of the 1494 
cases, the overall incidence of early postoperative carotid 
defects was 9.4%, ranging from !.1-36.0%. Nearly two- 
thirds of the reported cases were evaluated by noninvasive - 
diagnostic techniques. The incidence of detected early 
postoperative defects was somewhat higher (11.8%) in pa- . 
tients undergoing early postoperative arteriography than 
in patients evaluated noninvasively (8%). The overall in- 
cidence of abnormalities in the common or internal ca- 
rotid artery was 7.6%, and occlusions of the external ca- 
rotid artery were noted in 5.7%. The lowest incidence of 
early postoperative carotid defects (1.1%) was that reported 
in the original investigation by Blaisdell et al. in 1967. 
That incidence is similar to that noted in our own study 
(1.5%). It is of interest that these are the only two studies 
that used intraoperative monitoring techniques to reduce 
the incidence of residual carotid defects at the time of 
operation. We presume that the higher incidence of early 
postoperative carotid lesions in other studies reflect the 
incidence of residual carotid lesions overlooked at the time 
of operation. 


TABLE 1. Intraoperative Evaluation of Carotid Endarterectomy 


No. of 


Per Cent of Residual Carotid Stenosis 


Author Year Technique Operations Internal/Common External Total 
Blaisdell 1967 Arteriography 100 — — 26.0 
Rosental 1973 Arteriography 260 3.8 . 4.2 8.1 
Dardik 1975 Arteriography 17 5.9 5.9 11.8 
Towne 1977 Arteriography 35 5.7 37.1 42.9 
Anderson 1978 Arteriography 131 3.0 2.3 5.3 
Barnes 1978 Doppler 42 0 WA 7.1 
Bowald 1978 Arteriography 13 — — 15.4 
Houck 1982 Arteriography 127 — — 7.9 
Lane 1982 B-mode imaging 60 6.7 8.3 15.0 
Lye 1982 Arteriography 230 10.4 — 10.4 
Sigel 1983 B-mode imaging 73 20.5 6.8 27.4 
Larson 1983 Arteriography 457 5.0 3.1 8.1 
Zierler 1984 Arteriography 150 10.7 4.7 15.3 
Tiberio 1984 Doppler 22 4.5 9.4 13.6 

~*~ Bandyk 1984 Pulsed Doppler 60 10.0 ae 10.0 
Archie 1984 EM flowmeter 143 42 77 11.9 
Siefert 1985 Doppler 229 4.3 8.7 13.8 
Present Study 1986 Doppler 125 8.0 4.8 12.8 
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TABLE 2. Early Postoperative Evaluation of Carotid Endarterectomy 
Per Cent of Residual Carotid Stenosis 
No. of 

Author Year Technique Operations Internal/Common External Total 
Blaisdell 1967 Arteriography 95 Ll — Li 
Schutz 1970 Arteriography 24 20.8 — 20.8 
Garrett 1979 Periorbital Doppler 83 4.8 7.2 12.0 
Diaz 1980 Arteriography 50 20.0 16.0 36.0 
Holder 1981 Arteriography 55 29.1 —_ 29.1 
Ortega 1981 OPG-Gee 300 5.3 = 5.3 
Hertzer 1982 IV-DSA 255 2.7 4.7 7.5 
Baker 1983 OPG/CPA/Doppler 158 11.4 — 11.4 
Padayachee 1983 Doppler 54 13.0 — 13.0 
Raithel 1984 Arteriography 54 7.4 — 7.4 
Folcarelli 1985 OPG-Gee 200 6.5 — 6.5 
Ricotta 1985 OPG-Gee 100 12.0 — 12.0 
Present Study 1986 Doppler 66 1.5 0 1.5 





CPA = carotid phonoangiography. 
IV-DSA = intravenous digital subtraction angiography. 


Table 3 reviews the reported experience of late post- 
. Operative evaluation of recurrent carotid stenosis. '~32429- 
3134-58 Of the 33 studies reported between 1967 and 1985, 
the length of follow-up ranged from 3-194 months. Of 


the 11,855 cases reported, approximately three-fourths 
were based on clinical follow-up evaluation, 20% were 
evaluated by noninvasive studies, and about 2% were 
studied by postoperative angiography. Of the 9172 patients 


TABLE 3. Late Postoperative Evaluation of Carotid Endarterectomy: 











Per Cent of Recurrent Stenosis 








No. of Follow-up Per Cent of 
Author Year Technique Operations (Months) Symptomatic Asymptomatic Total Reoperations 
Blaisdell 1967 Arteriography 42 4-60 0 9.5 9.5 2.3 
Bauer 1968 Arteriography 23 2-64 (2.1) 17.4 34.8 $2.2 _ 
Edwards 1968 Arteriography 43 >60 7.0 0 7.0 — 
Schutz 1970 Arteriography 50 1-72 0 0 0 — 
Stoney 1976 Clinical 1654 4-156 (48) 1.3 0.1 1.5 1.5 
French 1977 Clinical 2827 12-132 0.5 0.1 0.6 0.5 
Cossman 1978 — Clinical 361 5-24 (12) 1.8 1.8 3.6 3.6 
Hertzer 1979 Clinical 1250 7-156 (48) 0.9 0.2 1.0 1.0 
Kremen 1979 OPG-Gee 173 to 144 1.7 8.1 9.8 2.3 
Turnipseed 1980 Doppler/imaging 80 to 36 2.5 6.3 8.8 — 
Bodily 1980 Duplex 69 3-96 0 49.3 49.3 ~~= 
Cossman 1980 Clinical 468 12-96 2.7 0.7 3.4 3.4 
Cantelmo 1981 OPG/CPA/Doppler 199 to 96 4.5 7.5 12.1 2.0 
angiography 

Aukland 1982 Doppler 84 1-60 (21) 10.7 6.0 16.7 — 
Callow 1982 Clinical 886 24 — — 1.7 1.7 
Zierler 1982 Duplex 89 1--46 (16) 5.6 30.4 36.0 

Norrving 1982 Doppler 64 12-156 (72) 15.0 22.5 37.5 —— 
Lynch 1983 OPG-Gee/B-mode 54 1-72 (17) 19 9.3 11.1 — 
Baker 1983  OPG/CPA/Doppler 133 1-60 (20) 1.5 12.0 13.5 3.8 
Salvian 1983 OPG-Gee 105 3-72 4.8 6.6 11.4 2.9 
Padayachee 1983 Doppler 54 to 72 (34) 9.3 3.7 13.0 1.9 
Gonzalez 1984 = =OPG/CPA/B-mode 161 3-72 (48) — a 2.5 0.6 
Thomas 1984 Doppler 257 1-54 (20) 1.6 4.2 5.8 2.3 
Colgan 1984 Doppler/imaging 80 2-48 (22) 11.3 1.3 12.5 —- 
Raithel 1984 IV-DSA 30 3-12 (7) — — 6.7 — 
Deriu 1984 Doppler 86 6-36 0 0 0 — 
Pierce 1984 IV-DSA 75 3-75 (29) 2.7 4.0 6.7 2.7 
O'Donnell 1985 Doppler/B-mode 276 6-180 (29) 1.4 10.9 12.3 Ll 
Nicholls 1985 Duplex 145 3-48 (18) 2.8 19.3 22.1 2.1 
Glover 1985 Duplex 142 1-96 7.0 8.5 15.5 — 
Keagy 1985 Duplex 122 1-142 (26) — — 22.1 — 
Das 1985 Clinical/tonography 1726 3-194 (42) 1.9 1.9 3.8 3.8 
Present Study 1986 Doppler 47 3-77 (32) 0 6.4 6.4 0 





CPA = carotid phonoangiography. 
IV-DSA = intravenous digital subtraction angiography. 
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evaluated clinically, the reported overall incidence of re- 
current carotid stenosis was 1.7%, ranging from 0.6-3.8%. 
Of the clinical recurrences, 67% were associated with neu- 
rologic symptoms. Of the 263 patients evaluated by late 
postoperative angiography, the overal] incidence of re- 
current carotid stenosis was 9.9%, ranging from 0-52.2%. 
Of the angiographically documented recurrent stenoses, 
38% were associated with neurologic symptoms. Nonin- 
vasive evaluation of 2420 patients revealed an overall in- 
cidence of late recurrent stenosis of 14.1%, ranging from 
0-49.3%. Of patients with noninvasive evidence of re- 
current stenoses, only 24% had neurologic symptoms. 
Our own study suggests the value of intraoperative 
monitoring to detect residual carotid defects in the internal 
and external carotid artery, which can be repaired prior 
to completion of the operation. By doing so, we virtually 
eliminated the early postoperative incidence of “recur- 
rent” carotid stenosis. We feel that most reports of such 
stenoses in the literature reflect residual lesions left at the 
time of operation. Support for this hypothesis is indicated 
in the only previous study of intraoperative and postop- 
erative monitoring of carotid endarterectomy by Blaisdell 


_# et al.,? who used angiography to virtually eliminate early 


postoperative carotid defects. Doppler ultrasound is more 
simple and cost-effective for intraoperative monitoring 
and permits selective angiography for those patients with 
abnormal velocity signals at the conclusion of operation. 
Such an approach may reduce the small but definite risk 
of intraoperative angiography.!? 

_ We preferred not to employ angiography for detected 
external carotid occlusion that could be corrected through 
a separate arteriotomy while maintaining flow in the in- 
ternal carotid artery. We feel that maintenance of a patent 
external carotid artery in the postoperative period provides 
an added measure of cerebral protection through collateral 
circulation in the event of early: or late postoperative oc- 
clusion of the internal carotid artery. Finally, Doppler 
ultrasound permits rapid assessment of the patency of a 
carotid shunt immediately after its insertion. Our finding 
of an 8% incidence of shunt occlusion, usually due to 
malposition of the distal end of the shunt, permitted rapid 
correction of the shunt placement to assure cerebral per- 
fusion. To our knowledge, there have been no previous 


reports of the incidence of shunt occlusion at the time of- 


carotid endarterectomy. , 

Although intraoperative monitoring and correction of 
detected residual carotid defects may reduce the incidence 
of early postoperative carotid stenosis, late restenosis does 
occur in some patients. The incidence in our study, 6.4%, 
is lower than that reported in most previous studies using 
noninvasive techniques to follow the late outcome of pa- 
„ tients undergoing carotid endarterectomy. While we be- 
lieve that eliminating residual carotid defects at the time 
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of operation may have contributed to this lower incidence, 
other factors, such as antiplatelet therapy or differences 
in case mix, may have contributed to this relatively low 
incidence of recurrent carotid stenosis. Although we did 
not use a patch to close the carotid arteriotomy, the role 
of this technique in reducing the incidence of recurrent 
carotid stenosis remains to be established by prospective, 
randomized studies. l 

Na patient with recurrent carotid stenosis developed 
symptoms in our study. Both the perioperative and the 
early and late postoperative neurologic deficits were un- 
related to residual or recurrent carotid stenoses. The ma- 
jority of these neurologic deficits occurred in a territory 
unrelated to the carotid endarterectomy. 

In conclusion, our study suggests that Doppler ultra- 
sound is a simple, inexpensive, and valuable technique 
to monitor the integrity of carotid endarterectomy intra- 
operatively and i in the early and late postoperative period. 
While technical precision remains the cornerstone of safe 
and effective carotid surgery, the use of objective screening ; 
techniques may permit technical refinements and im- 
proved outcomes for patients undergoing this procedure. 
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DISCUSSION 


Dr. WILLIAM H. Epwarps (Nashville, Tennessee): Dr. Barnes was 
kind enough to allow me to review his manuscript prior to his presen- 
tation. | compliment him on his presentation this morning and for 
bringing the subject to us. Unfortunately, he left out the page of the data 
when he gave me his manuscript, but that did not matter any way. 

Internal carotid endarterectomy is now the most frequently performed 
peripheral vascular procedure. As he has indicated, morbidity and mor- 


tality are very low and acceptable. However, we need to continue to 
achieve better results if we can, and studies such as this will allow this 
to be possible. 

We have not relied on intraoperative Doppler ultrasonography or ar- 
teriograms to allow us to determine our technical competence following 
the carotid endarterectomy. We feel that with excellent preoperative ar- 
teriograms and delineation of the disease process, we can then with a 
generous exposure of the internal carotid artery and the common carotid 
artery expose the vessel above and below the disease process and com- 


Vol. 203 + No. 6 


pletely remove the atherosclerotic plaque as it extends up the internal 
carotid artery. 

(Slide) We do not selectively shunt. We shunt, and, by the use of the 
internal USCI shunt or Inahara Pruitt shunt, we are able to expose com- 
pletely the area of disease and insert the shunt distally, then proximally, 
insuring that there is adequate flow. 

We have had occasion to review over a 10-year period our carotid 
endarterectomies in those patients in whom recurrent carotid stenosis 
occurred. There were a total of 54 patients. However, only two recurrences 
occurred in less than 1 year with the majority being anywhere from | 
to 10 years, which would seem to indicate that the recurrent carotid 
stenosis is not that of residual disease but is of disease that has recurred. 

Atheromatous disease and fibrosis were the two most common patho- 
logic findings at the time of reoperation. All of these patients were symp- 
tomatic, and that was the reason for investigation and operation. 

An example of recurrent lesion in a 57-year-old woman who in 1979 
had a right carotid endarterettomy and presented in 1981 with right 
hemispheric symptoms. She had also hada left carotid endarterectomy 
at the same time, and this is the left carotid arteriogram as seen in 1981. 
Repeat endarterectomy with a patch graft was performed. 

Two years later, she returns with exactly the same lesion. Tight stenosis 
at the site of the endarterectomy, a little bit of stenosis just proximal to 
that point. She is now stenosing her left common and proximal internal 
carotid. It was actually her left hemisphere that was symptomatic at this 
time. 

I feel that with the newer studies that are available, digital subtraction 
and more sophisticated noninvasive studies, we are all going to be called 
on to care for‘patients with symptomatic lesions in whom the arterio- 
graphic or noninvasive study might not be what many of us are used to 
with excellent arteriograms. ` 

Some of our neurologists will say: “We have a symptomatic patient. 
The noninvasive study shows disease. Operate.” That is fine, except that 
we will have to be very careful that we completely delineate the disease 
process and that we are sure that we completely removed that disease at 
the time of operation. 

Dr. Barnes had three abnormal internal carotid arteries in his studies. 
He found that platelet aggregation was occurring in two of these. In his 
manuscript, he indicates that he uses antiplatelet medication after op- 
eration. As we reported here last year, the use of antiplatelet medication 
before operation, we feel, will prevent this platelet aggregation and prevent 
the acute thrombosis that occurs with platelets occluding the internal 
carotid artery at the site of the endarterectomy and the catastrophic 
stroke that occurs during the immediate postoperative period. 

I again would like to congratulate Dr. Barnes on his excellent presen- 
tation and for bringing these data to us. Thank you. 


Dr. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): Dr. Barnes 
reports on the use of a noninvasive method of appraising anatomical 
results immediately after the execution of carotid endarterectomy. For 
those performing this operation, this is an important tool. Too often, 
technical or thrombotic complications occur without our knowledge until 
the patient has left the operating room or even later, frequently too late 
to correct. 

We must recognize, however, that Dr. Barnes “wrote the book” on 
audible signals from the Doppler. Some of us have trouble in distin- 
guishing some of the subtle changes in audible signals such as “fluttering” 
or “bubbling” that he refers to in his manuscript. For this reason, the 
future instrument must use more objective methods such as spectrum 
analysis of a Doppler signal, a technique that those of us with less sensitive 
ears could interpret. Regardless, his presentation does open the door for 
more refined and safer techniques for this need. 

Others have reported turbulence following carotid endarterectomy that 
disappears in about 3 months. This was thought to be of no significance, 
perhaps representing step-offs from the end of the dissection. If I read 
his manuscript correctly, all patients with abnormal signals had abnormal 
angiograms. Is there a degree of turbulence that he uses to do an angio- 


sa gram? 


One of the more important parts of the manuscript and of the report 
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is the identification of a malfunctioning shunt at the time of operation. 
This bears emphasis as the most important part of the presentation. 

The results, which include no perioperative stroke attributable to the 
operation, speak for the importance of this technique or probably more 
so to Dr. Barnes’ skill as a surgeon. He should be commended for bringing 
the use of this technique to our attention and for the results he has 
reported. 

Thank you. 


Dr. GEORGE JAMES COLLINS, JR. (Washington, D.C.): Before begin- 
ning, I would like to thank Dr. Barnes for providing me with a copy of 
the full manuscript. 

As carotid endarterectomy has become the most commenly performed 
vascular operation in this country, several important things have been 
learned. We know, for instance, that in communities served by multiple 
occasional operators, a neurologic morbidity incidence on the order of 
10 to 15% may occur. 

We also know that surgeons who concentrate in the area of vascular 
surgery commonly achieve a stroke incidence that oscillates around 2 
to 4%. 

Few individuals seem to be able consistently to crash the barrier of 
less than 2% stroke rate, and Dr. Barnes’ stroke incidence of 2.4% com- 
pares favorably with the best series reported. 

Moreover, the strokes in his cases were not in the territory of the 
operated vessel. 

What Dr. Barnes offers us is an opportunity to correct immediately 
those technical imperfections that may account for otherwise unexplained 
perioperative neurologic events in some patients and reasons for early 
or even delayed reoperations in others. 

The Doppler technique described by Dr. Barnes has certain advantages 
and disadvantages. It is noninvasive and is obviously of no risk to the 
patient or operating personnel, and, while few, if any of us, are as skilled 
in the use of the Doppler as Dr. Barnes, we can all learn to use it properly, 
Doppler examination can also be performed rapidly and the results are 
instantly available. 

Disadvantages are that it does not identify subtle abnormalities that 
may not cause immediate hemodynamic disturbances but may still lead 
to a poor result. Included are such things as tourniquet fracture of the 
proximal plaque leading to perioperative thromboembolism and an al- 
most imperceptible inverting closure that appears adequate when seen 
en face but might appear abnormal if seen in cross section. 

Dr. Barnes’ manuscript makes it clear that we can no longer evaluate 
the adequacy of carotid endarterectomy purely on the basis of whether 
the patient has a neurologic complication. Rather we must also address 
the adequacy of repair in both anatomic and physiologic terms. 

Although the Doppler technique is an advance, it provides no anatomic 
detail. Available techniques for assessing anatomic detail and physiologic 
function during operation include conventional arteriography or intra- 
operative DSA combined with Doppler examination and duplex scan- 
ning. 

I would like Dr. Barnes to express his views on the applicability and 
adequacy of these various techniques. 

I would like to thank the Association for the privilege of discussing 
this excellent manuscript. 


Dr. ROBERT W. BARNES (Closing discussion): | appreciate the dis- 
cussants’ critique. 

Dr. Edwards, I am interested in your use of the erythrocyte sedimen- 
tation rate as a method of determining whether a shunt is patent. I would 
like to point out that with many of the current shunts, one can, by 
compressing the shunt, get an assessment of flow. Nevertheless, I still 
believe that it is important to document objectively that a carotid shunt 
is actually achieving what is intended of it. 

Second, you point out the incidence of symptomatic recurrences in 
your own series. I feel that there are a number of asymptomatic lesions 
that may go unrecognized if one does not look for them. 

Your question about the use of preoperative antiplatelet agents is an 
important one. Because of the somewhat increased rate of perioperative 
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bleeding i in patients on aspirin, I prefer to discontinue aspirin | week 
prior to operation while continuing dipyridamole, which does not affect 
the bleeding time. 
. Dr. Johnson, I appreciate very much your comments. I shopki em- 
phasize that we simply employed the audible i interpretation of the Doppler. 
` signal in the operating room. 

Although sdund spectrum analysis may provide more objectivity, if 
you do not understand what you are listening to, you may not really 
understand what you are looking at with sound spectrum analysis, 

The objective of audible interpretation of carotid Doppler signals in 
the operating room is simply to detect the presence of significant stenosis 
characterized by an unequivocal increased pitch at a localized area, or 
the presence of occlusion that results in an absent flow signa.” i: 
` Your other question relates to the role of sound spectrum analysis in 
identifying subtle abnormalities in the common carotid or in the bulb, 
which may reflect “exit” type of flow disturbances beyond ‘the proximal 
common carotid “shelf.” We do not detect such minor flow disturbances 
in the operating réom or in the postoperative period. We have only 
reported the incidence of significant (>50%) recurrent stenosis. a 
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You attribute a lot of the success to my own expertise. I should em- 
phasize that all of these cases were performed by residents, but I would 
cinphasize that, as their first assistant, one must be exacting in demanding 
technical precision of these trainees. 

Finally, Dr. Collins, I appreciate your insightful comments. Again, 
our Doppler surveillance is a technique insensitive to those minor lesions 
that theoretically could be of clinical significance. In this day and age I^ 
believe that one should consider the use of intraoperative B mode imaging, 
and there are now some rather sensitive devices that can be used at much 
jess cost than the original duplex units. However, it ‘is still important to 
have both flow information and the image to assess the patient. ` 

In the postoperative period, or even during operation, one can use 
angiography, and we are not ‘opposed to intraoperative arteriography. 
In fact, we now have digital angiography available to us in our new VA 
Hospital, and we are Lecoming spoiled by the high quality of the images 
we obtain. But I do think that one can use noninvasive techniques if 
that is ‘your preference. It is just a matter of becoming familiar with 
them, and that js really not as hard as you may think. . . 

Thank you very much. 
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reduce hospital costs. 





Half-life 


CEFOTAN has a ‘hain 
1alf-life more ae 
than 3 times that eee 
of cefoxitin — ; 


Time (hours) 


CEFOTAN Te ee ee 
achieves and 
sustains 

1gh plasma 
levels for 
12 hours 





CEFOTAN 


Cefoxitin 


Twice-daily CEFOTAN— 
highly effective 
- in clinical infections 


Percent clinical cure* from US studies” 


Intra-abdominal 
infections 


96% 





Gynecologic infections 


99% 








Lower respirator 
infections d 94 % 


Skin and skin o 


Urinary tract infections 


98% 


Overall 


97% 


Investigators: Wilson SE, Lewis R, and Jemsek J; 
Sweet RL, Faro S, Poindexter A, and Miller RD; 
Nolen T, Geckler RW, and Castellano MA; 
Cox CE, Childs SJ, Jordan WP Wells WG, Snow RM, et al 


*Clinical cure is defined as no signs or symptoms of infection at end of treatment 


o Twice-daily dosing makes CEFOTAN a cost-effective 
replacement for cefoxitin 


Switch to 


CEFOTAN.. 


mere (cefotetan disodium) 


of this advertisement for 
brief summary o 


preening Norai The cost-effective replacement for cefoxitin 








The outstanding pharmacokinetic 
profile makes CEFOTAN’ 

(cefotetan disodium) an ideal agent in 
prophylaxis. Single-dose protection— ` 
even in delayed or prolonged 
procedures—makes CEFOTAN a cost- 
effective replacement for cefoxitin. 











` 
A single d 
is highly effective 
= f ; C] 
Clinical r Clinical i 
INICal SUCCESS INICal SUCCESS 
in abdominal surgery" in OB/GYN surgery” 
Vaginal 
dis o oO 
iii kaoi 98% hysterectomy 92% 
Abdominal 
‘ o (0) 
o Cesarean o 
Investigators: Fabian T, Zellner S, Jagelman D, et al Investigators: Ledger W, Galask R, Poindexter A, Makowski E, iii 
* Clinical success is defined as no signs or symptoms of intra Orr J, Pastorek J, Cunningham FG, Benigno BB, 
abdominal postoperative wound infection during the Elliott J, and Cavanagh D, et al 
hospital stay and follow-up period of seven to ten days Clinical success is defined as no signs or symptoms of pelvic or 
postdischarge i postoperative wound infection during the hospital stay and follow-up 


tColorectal procedures were performed without benefit of period of seven to ten days postdischarge 


preoperative oral bowel prep 


CEFOTAN 
is safe 
and well 
tolerated 


Adverse events related or probably related to CEFOTAN, 
in 2,064 patients treated” 














Gastrointestinal 
Diarrhea 0.92 
Nausea 0.11 
Vomiting 0.05 
4 Hematologic 
Increased prothrombin time 0.29 
Thrombocytosis 0.39 
Increased eosinophils 0.39 
Positive direct Coombs’ test 0.39 
Hepatic 
Increased liver function tests 1:17 
Hypersensitivity 
Rash 0.78 
Pruritus 0.25 
Local effects | 
Injection site phlebitis 0.34 
Injection site pain 0.24 











o CEFOTAN is not ototoxic or nephrotoxic 


o No CEFOTAN-related episodes of bleeding reported 
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Seog morati: The cost-effective replacement for cefoxitin 





CEFOTAN can save 45% 
in total costs when 











compared with cefoxitin 
Regimen 2 g b.i.d. 29 q.i.d. 
Drug cost/dose $15.60 $13.60* 
Delivery cost/dose' + 5.00 + 5.00 
Total cost/dose $20.60 $18.60 
Number of doses/day X2 x4 
Total cost/day $41.20 $74.40 
Cost savings/day $33.20 
~ 
Savings with CEFOTAN 45 % 








* Direct price from Drug Topics Red Book®, ed 89. Oradell, NJ, Medical Economics Co, 1985, p 362 
t Minimum overall costs of supplies and labor for antibiotic preparation and administration 


CEFOTAN has a convenient 
dosing schedule 


General guidelines for administering CEFOTAN 





Moderate to severe 1 or 2g every 12 h IV or IM 2-49 
Life-threatening 3 g every 12 h IV 6 g* 
Prophylaxis’ 1or 2 g as a single dose 1-2 g 
* Maximum daily dose should not exceed 6 g 
+CEFOTAN is administered 30 to 60 minutes prior to surgery or, in cesarean section, as soon as the umbilical cord is clamped 








= 


In patients with renal impairment, dosage adjustment is necessary 
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For intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE wee f 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae}, Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vuigaris, Providencia 
retigeri, and Morganelia morgani). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus {penicilinase- and Ronpenicillinase-producing Strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 
and E col. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains}, Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci). and E coji. 


Gynecologic infections caused by Staphylococcus aureus’ (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,“ Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae. Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,‘ and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species'). 


intra-abdominal infections caused by F coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis. B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus t 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan 
‘Efficacy for this organism in this organ system was studied in fewer than ten infections 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery) 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. in 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

H there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated, 


CONTRAINDICATIONS j 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 

patient has had previous hypersensitivity reactions to cefotetan disodium, ce halesporins, 
enicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
ntibiotics should be administered with caution to any gerien who has demonstrated some form of 

allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 

Serious acute hypersensitivity reactions may require ager and other emergency measures. 

Pseudomempbranous colitis has been reported with the use of cephalosporins (and other broad- 
ctrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 

diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipo! resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
ee eee pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superintection 
does occur guring Ae appropriate measures should be taken 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times shouid be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-tike reaction 
characterized by Pee sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
ete) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly. renal function 
should be carefully monitored, especially if higher dosapes of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potentia! nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
itis possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins. high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included sı jermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. incidence and severity of lesions 
were dose-dependent, at 120 mg/kg/day Unie 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methyithiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks. or in infant dogs 
{3 weeks oid) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however. no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
fesponse, this drug should be used during pregnancy only if clearly needed 


CEFOTAN® (cefotetan disodium) 





USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very iow concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS i 
in clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal Symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea {1 in 700) 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
{1 in 200), positive direct Coombs’ test (1 in 250}, and thrombocytosis (1 in 300) 


Hepatic enzyme elavations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 180}, 
SGOT (1 in 300), aikaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash {1 in 150) and 
itching (1 in 700}. 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300:, and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION i 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism 





GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 














Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1or2g every 12 hours IV or iM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3g every 12 hours IV 








“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped a 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used 





DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 

















Creatinine Clearance 
mL/min Dose Frequency 
-30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism 


Cefotetan is map free and it is recommended that for patients undergoing intermittent hemodialy- 
Sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is available in 10 mt and 100 mL vials. and the 2 g dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protected from light. 

1g in 10 mL vial (NDC 0038-0376-1 } 

2g in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial Noe 0038-0376-11) 

2g in 100 mL vial (NDC 0038-0377-21) 


Manufactured for 


STUART PHARMACEUTICALS 


Division of {Cl Americas inc 
Wilmington, Delaware 19897 


Rev E 3/86 63967-02 





References: 

1. Tally FP. Gorbach SL: Therapy of mixed anaerobic-aerobic infections: Lessons from studies of 

intra-abdominal sepsis. Am J Med 1985:78{suppl 6A):145-153, ; 

2. Souza-Dias MB. Jacobus NV, Tally FP. Gorbach SL: Activity of cefotetan against anaerobic 

bacteria. Diagn Microbiol infect Dis, to be published. 

3. Hennessey TD: Cefotetan: A compilation of susceptibility data of clinical isolates, in Lode H, 

Periti P, Strachan CJL (eds): Cefotetan: A Long-Acting Antibiotic for Patymicrobial Infections. 

Proceedings of a Symposium Held in Association With the 4th Mediterranean Congress of Chemo- 

therapy, Rhodes, Greece, 1984. New York, Churchill Livingstone, 1985, pp 14-22. 

4, Aldridge KE, Sanders CV, Janney A, et al: Comparison of the activities of penicillin G and new 

B-lactam antibiotics against clinical isolates of Bacteroides species. Antimicrob Agents Chemother 

1984:26:410-413. 

5. Ruckdeschel G: Activity in vitro of cetotetan against non-sporing anaerobes: A comparative 

study. J Antenicrob Chemother 1983;11{suppl A}.117-124. . 

§. Ayers LW Jones RN, Barry AL, et al: Cefotetan, a new cephamycin: Comparison of in vitro . 

antimicrobial activity with other cephems, B-lactamase stability, and preliminary recommendations 

for disk diffusion testing. Antimicrob Agents Chemother 1982:22:859-877 

7. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic study of cefotetan and 

cefoxitin in Sealthy volunteers. infect Surg, to be published. 

8. NDA Submission North American Clinical Trials. Data on file, Stuart Pharmaceuticals, 

Wilmington, Delaware. 

D NDA Submission World Wide Clinical Trials. Data on file, Stuart Pharmaceuticals, Wilmington, 
elaware. 

10. McCue JO: Cost-Conscious Use of the Cephafosporins. New York. Raven Health Care Commu- 

nications, 1985, p 37 











Surgical Standards from Springer-Verlag 


Anatomy in Surgery 
Third Edition 


Philip Thorek, MD 
“The authors skill as a teacher stands out ciearly . . . F 
is a fine new edition of a splendid and serviceable 
textbook, useful beth for initial learning and for later 
reference.” 

—New England Journal of Medicine 


t In this book on surgical anatomy, the author has 
deviated considerably from the usual plan and hes 
presented the material with a stronger surgical viewpoint. 
The accuracy of thought and the continuity of expression 
are proof that the author has spent an enormous amount 
of time preparing the text as well as in choosing the 
iltustrations.”’ 

—From the Foreword by W.H. Cole 


1985/938 pp./813 illus., 210 in color/$198.00/#90978-8 


Te order inquire at your local medical bookstore or write to: 


Springer-Verlag New York, Inc., Attn: D. Winkler 
175 Fifth Avenue, New York, NY 10010 

(Personal checks, AmEx, VISA, MasterCard are giadly 
accepted. Please add $1.50 for shipping.) 


sÝ Springer-Verlag 


New York Berlin Heidelberg Tokyo 


Operative Strategy in General Surgery 


James L. Chassin, MD 

Volume I 

“A good surgical atlas describes the rationale and tech- 

nical aspects of an operation, but the exceptional one 

adds perspective. Dr. Chassin's atlas is exceptional.” 
—Mayo Clinic Proceedings 


. (Cjoncise but thorough, and is greatly enhanced by 
the crystal clear illustrations 


—JAMA 


Contents by Section: Introduction. Esophagus. Stomach. 
Small Intestines. Colon and Rectum. Appendixes 


Volume II 

Operative Strategy in General Surgery, Volume H joins 
Volume Í to superbly illustrate and describe the strategy 
of planning and performing operations. The book is de- 
tailed and well-illustrated with a uniform style not found 
in edited volumes. 

Contents by Section: Breast. Biliary Tract. Pancreas. 
Spleen. Esophagus. Abdominal Wall. Anus and Rectum. 
Lymph Nodes: Axillary, Inguinal, Pelvic. Head and 
Neck. Miscellaneous. 

Volume I: 1980/558 pp./528 illus./$94.60/#90452-2 
Volume II: 1984/603 pp./440 illus./$107.00/#90984-2 
Both Volumes: $192.50/#91257-6 


$500,000,000 OF RESEARCH 
HELPED CLIFF SHAW 
PLAY BASEBALL AT AGE 85. 


In November 1973, 
Cliff Shaw was stricken 
with cancer. 

Fortunately, it was 
detected early enough. 
And with surgery, Cliff 
was able to continue liv- 
ing a healthy, active life. 

There was a time 
when such a diagnosis 
was virtually hopeless. 

But today, cancer is 
being beaten. Over the 

fears, we've spent 

500,000,000 in research. 
And we've made great 
strides against many 
forms of cancer. 





With early detection and treatment, the survival rate for colon and 
rectal cancer can be as high as 75%. Hodgkin’s disease, as high as 74%. 


Breast cancer, as high as 90%. 


Today, one out of two people who get cancer gets well. 


It's a whole new ball game. 


Y AMERICAN CANCER SOCIETY’ 


Help us keep winning. 


- 














Juxtarenal Infrarenal Abdominal Aortic Aneurysm 


Special Diagnostic and Therapeutic Considerations 





E. STANLEY CRAWFORD, M.D. 


Juxtarenal infrarenal abdominal aortic aneurysms are defined 
as those aneurysms that involve the infrarenal abdominal aorta 
adjacent to or including the lower margin of renal artery origins. 
The misinterpretation of findings at exploratory operation or 
special studies may suggest renal artery involvement and result 
in abandonment of operation and/or referral to distant centers, 


_thus delaying treatment. This report is concerned with 101 pa- 
i” tients with a median age of 68 who had such aneurysms, all 


referred with a diagnosis of renal or visceral arterial involvement 
either after exploratory operation (32), because of aneurysmal 
size (12), or due to misinterpretation of special studies (57). 
Computed tomographic (CT) scans, ultrasounds, and 

in the anterio-posterior projection frequently suggested renal ar- 
tery involvement due to the fact that the upper end of aneurysm 
frequently lay over the renal artery origins due to infrarenal aortic 
elongation and buckling of the aorta at the renal artery level. 
The true nature of the lesion was best demonstrated by aortog- 
raphy performed in the lateral position. The operation producing 
the best results was one performed through a midline abdominal 
incision. The aorta is cross-clamped at the diaphragm and the 
proximal anastomosis is performed from inside the aneurysm at 
the renal artery level. The graft then is clamped and the other 
clamp removed to restore flow in the visceral vessels while the 
distal anastomosis is completed. Early survival occurred in 93% 
of patients employing the operation, despite the fact that other 
conditions frequently were present: renal insufficiency in 19, 
rupture in seven, renal artery occlusive disease in 20, chronic 
obstructive pulmonary disease in 34, and hypertension in 77. 


ANEURYSMS are defined as aneurysms that involve 

the infrarenal abdominal aortic segment that ex- 
tends up to and sometimes includes the lower margins of 
the renal artery origins. These lesions are unique and de- 
serve special consideration. Aneurysms in this location 
require suprarenal aortic clamping for total replacement, 
which is necessary to prevent recurrence or progression 


J (osu INFRARENAL ABDOMINAL AORTIC 
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of residual disease. Accurate diagnosis is difficult without 
special studies that need proper interpretation. Explora- 
tion and palpation based on physical examination alone 
may suggest visceral arterial involvement. Clarification at 
operation frequently requires tedious dissection for ex- 
posure of the visceral vessels, particularly the renal arteries. 
Such dissection may cause injury to these vessels and ad- 
jacent structures, be difficult to accomplish, or be inad- 
equate and cause the operatorto abandon operation unless 
he is prepared to undertake a more extensive procedure 
requiring visceral artery reattachment. Finally, the in- 
volved infrarenal aortic segment may be elongated. This 
may produce upward buckling or bowing of the renal seg- 
ment of aorta and over-riding of the latter segment by 
anterior and upward extension of the aneurysm. These 
anatomic dearrangements may suggest suprarenal exten- 
sion by ultrasonography, computed tomographic (CT) 
scanning, and aortography when viewed in the anterio- 
posterior plane (Fig. 1). 

The unique features of aneurysm at this level may cause 
abandonment at exploration, incomplete aneurysmal re- 
placement, or referral by the otherwise competent aortic 
surgeon and undesirable delay of treatment, particularly 


‘in the patient with rupture or impending rupture. This 


report is concerned with a review of a consecutive series 
of patients observed over a 22-year period in order to 
present the authors’ concepts, which have evolved to per- 
mit reasonably accurate diagnosis and relatively simple 
and safe operation. 


Clinical Material 


During the period extending from March 6, 1963, to 
April 3, 1985, 101 patients had graft replacement therapy 
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for juxtarenal infrarenal abdominal aortic aneurysms. 
These patients’ records and follow-up treatments were 
analyzed retrospectively as previously reported.! There 
were 86 men and 15 women, whose ages ranged from 28 
to 85, with a median of 68 years. Associated diseases or 
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Fics. 1A-E. Studies made before and after operation in a patient with 
juxtarenal infrarenal aortic aneurysm. 4. Computerized axial tomogram 
made before operation showing renal pedical at level of aneurysm sug- 
gesting renal artery involvement. 8. Drawing and aortogram (AP) made 
before operation suggest juxtarenal position of aneurysm on right and 
renal artery involvement on left. C. Drawing and aortogram (lateral) 
made before operation show juxtarenal location of aneurysm on right. 
Left renal artery is not visualized. The “aortic kink” located below su- 
perior mesenteric artery and normal aorta above kink is characteristic 
of juxtarenal, infrarenal location of large aneurysm. D and E. Drawing 
and aortogram made after operation showing graft in place in the anterio- 
posterior view (D) and in the lateral view (E£). 


conditions included hypertension in 77, atherosclerotic 
heart disease in 48, chronic obstructive pulmonary disease 
in 34, peptic ulcer in 15, cerebrovascular disease in 14, 
and gallstones in ten. Patients on hemodialysis or whose 
serum creatinine levels were 2 mg/dl or higher after max- 
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Fics. 2A and B. Ilustrations of a patient who had partial removal of a juxtarenal infrarenal abdominal aortic aneurysm who developed progressive 
enlargement and rupture of residual aneurysm 2 years later, successfully treated by graft replacement. A. Diagram and aortogram made before last 
operation showing persistent juxtarenal infrarenal abdominal aortic aneurysm. B Diagram and aortogram made after second operation showing 


functioning graft in place. 


imum rehydration and treatment following admission 


wf were considered to have impaired renal function. One 


patient was being treated by chronic hemodialysis, and 
18 had elevated creatinine levels. Thus, 19 patients were 
considered to have impaired renal function. Two of the 
latter patients had had nephrectomy for renal artery ob- 
struction and had occlusive disease in the remaining renal 
artery. Associated occlusive lesions involved the renal ar- 
teries in 20, iliac arteries in 13, femoral arteries in five, 
and brachiocephalic arteries in seven patients. Fifty-four 
aneurysms, one ascending aorta, one transverse arch, 18 
descending thoracic aorta, 29 iliac artery, two femoral 
artery, and three other sites, were present in 45 patients. 


Etiology and Symptoms 


The etiology of aneurysmal disease was atherosclerosis 
in 93, inflammatory in seven, and medial degenerative 
disease (Marfan’s) in one. Five patients had had previous 
infrarenal aortic aneurysmal replacement in which the 
proximal segment of aneurysm had not been removed 
because aortic clamping was performed below the renal 
arteries. These short segments of residual aneurysm in- 
creased in size and reoperation was necessary for pro- 
gression in all and rupture of the residual disease in two 
patients (Fig. 2). 

Symptoms were present in £2 patients and included 
abdominal, flank, and back pain in 38 and intermittent 
claudication of the legs in 14. Rupture had occurred in 
seven patients (Fig. 3). 


Basis for Referral 


A pulsatile abdominal mass was detected by physical 
examination in 12 patients. The aneurysms in these cases 


were large and their size suggested extensive aortic in- 
volvement. These patients were referred for evaluation 
and treatment because visceral artery origin involvement 
was suspected. The remaining 89 patients were referred 
because renal artery encroachment or actual renal artery 
involvement was suspected for other reasons. This opinion 
was based on exploratory operation in 32 patients, 24 
who had not had special studies performed before ex- 
ploratory operation and eight who had had such studies: 
aortography in five, CT in one, and ultrasonography in 
two. Renal artery or more diffuse visceral vessel involve- 
ment was suspected in the remaining 57 patients based 
on special studies alone: aortograms alone in 18, aortog- 
raphy and CT scans in 11, CT scans alone in 13, ultra- 
sonography alone in 13, and both CT scans and ultra- 
sonography in two patients. 


Basis for Definitive Diagnosis 


Biplane aortography was performed for the first time 
in 49 patients and repeated in 18 patients. This exami- 
nation was performed in ten of the 12 patients referred 
initially with the simple diagnosis of abdominal aortic 
aneurysm for evaluation and treatment. The remaining 
57 examinations were in patients who previously had been 
admitted elsewhere, explored, or who had studies that were 
inadequate to determine the level of renal artery origin. 
Thus, satisfactory aortography (biplane) was available in 
83 patients. CT scans and/or ultrasonograms were avail- 
able in the other patients. These techniques clearly showed 
the aneurysm to be located below the renal arteries in 42 
patients (Fig. 2). 

The aneurysm was large in 59 patients and appeared 
to involve one or both renal artery origins by CT scan, 
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Fics. 3A and B. Illustrations of a patient with contained rupture of a juxtarenal infrarenal abdominal aortic aneurysm who had a nonfunctioning 
left kidney treated by infrarenal graft replacement. A. Diagram and aortogram made before operation that show rupture of aneurysm and nonvisualization 
of left renal artery and kidney. B. Diagram and aortogram made after operation showing juxtarenal position of graft and nonvisualization of left 


renal artery and kidney, neither of which could be identified at operation. 


ultrasonography, and aortography performed in the an- 
terio-posterior projection (Fig. 1A). Aortography in the 
lateral projection in these cases revealed elongation of the 
aneurysmal segment, upward and cephalad kinking, or 
buckling of the uninvolved proximal aortic segment (Fig. 
1C). Renal arteries appeared either to arise from this un- 
involved segment of the aorta or the sites of their origins 
were not discernable. Exploration in earlier cases of this 
type revealed the aneurysm to be juxtarenal infrarenal in 
location. Thus, this type of aortic kinking became rec- 
ognized as an aortographic sign of infrarenal aortic in- 
volvement and, to date, has proven incorrect in only one 
case in which the left renal artery arose abnormally low 
and from the aneurysm. The left renal artery in this case 
required reattachment to the graft, placed below the right 
renal artery. 


Treatment 


Treatment consisted of infrarenal aortic replacement 
with Dacron® graft. Application was dependent on the 


period of treatment. Early in the experience, the aorta 
was cross-clamped above the renal arteries and below the 
superior mesenteric artery in eight patients. Subsequently, 
the aorta was cross clamped routinely at the diaphragm. 
Early, when the “aortic kink sign” was being evaluated, 
large aneurysms in eight patients were exposed through 
a thoracoabdominal incision to permit exploration and 
visceral artery reattachment if these vessels proved to be 
involved. Subsequently, long midline incisions were em- 
ployed routinely for exposure, except in seven patients 
who had simultaneous replacement of aneurysms of the 
descending thoracic aorta. Thus, the following technique, 
as employed in 78 patients since 1979, has evolved as the 
standard procedure for the treatment of these lesions. 
The abdomen is entered through a long midline incision 
and the region of aneurysm explored only by evisceration 
of large and small bowel. The aorta is isolated and clamped 
in the aortic hiatus of the diaphragm as previously de- 
scribed.” The aneurysm is entered, the walls retracted 
with stay sutures, and the contained clot removed. Lum- 
bar arteries and the inferior mesenteric artery are ligated 
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Fics. 4A-C. Technique of 
exposure and proximal graft 
_insertion in the treatment of 
infrarenal ab- 
dominal aortic aneurysm. A. 
The proximal uninvolved 
aorta at the origin of the renal 
arteries is identified. A suture 
is placed through the graft 
and the uninvolved aorta or 
lower margin of the renal ar- 
tery. B. The suture is tied 
and, using continuous suture 
technique, the posterior anas- 
tomosis is made from the in- 
side. C. The anterior portion 
of the anastomosis is per- 
formed from the outside. The 
location of the renal arteries 
is identified intermittently 
during the anastomosis using 
right angle clamps to avoid 
obstruction during suturing. 
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with sutures. Iliac artery back flow is controlled with bal- 
loon catheters or clamps. The back flow in the proximal 
aortic segment between proximal clamp and renal arteries 
is collected by a cell saver device and returned to the pa- 
tient after washing. The distal end of the uninvolved 
proximal aortic segment is exposed from inside the aneu- 
rysm using retractors (Fig. 4). The renal artery origins are 
identified and probed with right angle clamps. A woven 
Dacron graft then is inserted by attaching it to the un- 
involved proximal aortic segment with continuous #000 
polypropylene suture. This suture line is located either 
just below the origin of the renal arteries or it-may include 


the lower circumference of renal artery origin. To avoid _ 


obstruction of the latter, suturing may be performed with 
a right angle clamp in the renal artery. After completing 
the proximal anastomosis, the graft and proximal aorta 
are flushed by temporary removal of the aortic clamp at 
the diaphragm. The graft then is cross clamped below the 
anastomosis and the aortic clamp at the diaphragm is 
removed to restore circulation into the visceral vessels 
while graft insertion is completed distally in the usual 
manner. Reconstruction is completed by closing the 
aneurysmal wall and retroperitoneal tissues around the 
graft. 

Aortic or renal artery occlusion times affecting renal 
artery blood flow varied from 7 to 69 minutes, with a 
median occlusion time of 19 minutes. The longer periods 
were in seven patients submitted to simultaneous replace- 
ment of descending thoracic aortic aneurysms and 13 pa- 
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tients who had simultaneous renal artery reconstruction 
for occlusive disease. The latter patients were treated by 
endarterectomy in 12 and graft bypass in one case. Rou- 
tine cholecystectomy was performed in four patients. 
The type of graft employed in these cases depended on 
the presence of iliac arterial disease. The latter arteries 
were uninvolved in 63 patients and the aortic aneurysm 
was simply replaced using a woven Dacron tube extending 
from the renal arteries to the aortic bifurcation. The aortic 
and iliac artery aneurysms were replaced in 25 patients 
using bifurcation woven Dacron grafts that extended from 
the renal arteries to the bifurcation of the iliac arteries. 
The 13 patients with associated occlusion of the iliac ar- 
teries were treated by graft replacement of abdominal 
aortic aneurysm and aortobilateral femoral artery bypass 
grafting using bifurcation knitted Dacron grafts. 


Results 


The major complications of operation included renal 
insufficiency (as previously defined) in 16, cardiac in ten, 
pulmonary in nine, hemorrhage in three, sepsis in two, 
and pulmonary embolus in two patients. Of the 16 patients 
whose blood creatinine levels were above 2 mg/dl after 
operation, eight required hemodialysis. 

There were eight (7%) early deaths from multiple causes 
in most cases (Table 1). These were renal failure in five, 
myocardial infarction in four, pulmonary insufficiency in 
two, pulmonary embolus in one, and sepsis in one patient. 
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TABLE 1. Juxtarenal Abdominal Aortic A neurysm: Causes of Death 











30-Day Death Late Deaths 
Causes of Total No. No.of  PerCent No.of Per Cent 
Death of Cases Cases of 8 Cases of 12 
Cardiac li 4 50 7 58 
Renal 6 5 62 1 8 
Cancer 3 l 12 2 17 
Pulmonary 2 2 25 0 0 
Stroke H 0 0 1 8 
Sepsis fi l 12 Q 0 
Suicide l 0 0 I 8 
Pulmonary 
embolus l 1 12 0 0 
Other 3 1 12 2 17 





The incidence of early death was clinically dependent 
on a number of factors, including sex of the patient, the 
presence of symptoms, rupture of aneurysm, the presence 
of associated diseases (including renal artery occlusive 
disease, cerebrovascular disease, chronic obstructive pul- 
monary disease, and hypertension), renal insufficiency 
present either before or after operation, abdominal and 
aneurysmal exploration prior to admission, level of aortic 
clamping, and the period of treatment. However, when 
the statistical significance of each of these factors was de- 
termined by univariate analysis using Fisher’s exact 2- 
tailed test, only two of the variables emerged as significant 
predictors of early death, probably because of the small 
number of patients in the various subgroups (Tables 2 
and 3). 

The significant predictors of early death by this method 
were the presence of renal artery occlusive disease and 
the period of treatment. For example, the mortality of 
those patients with associated renal artery occlusive disease 
was 20% (4/20, 2/13 submitted to reconstruction and 
2/7 not reconstructed) compared to 5% (4/81) in patients 
who had normal renal arteries, and 29% (4/14) in patients 
treated before 1979 compared to 5% (4/87) treated later 
(Table 2). The latter variable retained significance in the 
multivariate analysis (calculated by the stepwise logistic 
regression analysis method) and, thus, became the stron- 
gest predictor of risk from dying early after operation (Ta- 
ble 3). 

Renal failure was the most common complication and 
the most common factor in the cause of early death, ac- 
counting for 62% (5/8) of the deaths. This problem was 
clinically related to a number of factors, but univariate 
analysis employing the same technique indicated that 
renal clamp time was a statistically significant predictor 
of early renal failure after operation (Table 2). For ex- 
ample, this complication occurred in 13% (6/47) of the 
patients in whom the clamp time was over 19 minutes 
compared to 2% (1/54) of those in whom the clamp time 
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was less than 20 minutes. Although rupture of the aneu- 
rysm was of borderline significance as a univariate vari- 
able, it emerged as a strong predictor of postoperative 
renal failure by multivariate analysis (Table 4). 


Long-term Results 


Follow-up information was obtained for all of the 93 
patients who survived 30 days. Twelve of these patients 
died during the follow-up period from multiple causes 
(Table 1). Follow-up for the remaining 81 patients was 
obtained during the period extending from March 2, 1984, 
to October 26, 1985. The length of follow-up in these 
cases was less than 6 months in 15, more than 6 months 
but less than | year in 6, more than | year but less than 
5 years in 51. and more than 5 years in nine cases. Using 
this survival data, a Kaplan-Meier curve of survival 
probability was constructed with number of survivors and 
standard error at each interval for a period of 5 years (Fig. 
5). On the basis of this method of calculation, survival at 
5 years is expected to be 75 + 10%, despite median age 
of 68 years at the time of operation. 


Discussion 


Proximal extension of infrarenal abdominal aortic 
aneurysm up to renal artery origin, increasing the difficulty 
of graft replacement, generally has been recognized since 
introduction of graft replacement therapy for abdominal 
aortic aneurysm. The term “juxtarenal infrarenal” was 
applied to these lesions very early in the development of 
this field of surgery. Unfortunately, the authors cannot 
determine the first to describe, name the lesion, or suc- 
cessfully treat it by replacement therapy. However, the 
senior author first became acquainted with the condition 
by personally observing an operation in 1955 in which 
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Fic. 5. Kaplan-Meier probability survival curve for 101 patients submitted 
to graft replacement for juxtarenal infrarenal abdominal aortic aneurysm. 
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TABLE 2. Univariate Relations Between Patient Clinical Variables and Early Death and Renal Failure (101 Patients) 
30-Day Death Dialysis 
No. of 
Variable Cases No. Per Cent p Value No. Per Cent p Value 
Age 28-68 52 4 8 1.0000 4 8 1,0000 
69-85 49 4 8 3 6 
Male 86 8 9 0.6012 7 8 0.5900 
Female 15 0 0 0 0 
Symptomatic $1 6 12 0.2691 6 12 0.1120 
Asymptomatic 50 2 4 1 2 
Rupture 7 l 14 0.4492 2 29 0.0735 
Nonrupture 94 7 7 5 5 
Renal artery occlusive disease 20 4 20 0.0471 3 15 0.1374 
None 81 4 5 4 5 
ASHD 48 4 8 1.0000 3 6 1.0000 
None 53 4 8 4 8 
CERE 14 2 14 0.3061 | 7 1.0000 
None 87 6 7 6 7 
COPD 34 1 3 0.2611 2 6 1.0000 
None 67 7 10 5 8 
HBP 77 8 10 0.1927 6 8 1.0000 
None 24 0 0 l 4 
Previous aneurysm repair 8 0 0 1.0000 0 0 1.0000 
None 93 8 9 7 8 
Renal dysfunction 19 2 lI 0.6426 2 li 0.6132 
None 82 6 7 5 6 
Referring technique 
Exploration 32 4 13 0.2591 4 12 0.2036 
Other 69 4 6 3 4 7 
Midline incision 86 7 8 1.0000 5 6 0.2776 
Thoraco-abdominal incision 15 I 7 2 13 
Level of clamp 
At diaphragm 93 8 9 1.0000 7 8 1.0000 
Below diaphragm 8 0 0 0 0 
Renal clamp time 
7-19 54 3 6 0.4671 l 2 0.0477 
20-125 47 5 11 6 13 
Concurrent aneurysm repair 7 l 14 0.4492 l 14 0.4049 
None 94 7 8 6 6 
Surgery before 1979 14 4 29 0.0121 2 14 0.2492 
Surgery 1979 and after 87 4 5 5 6 





* Test = Fisher’s exact 2-tailed test. 

ASHD = atherosclerotic heart disease. 

CERE = cerebrovascular disease. 

COPD = chronic obstructive pulmonary disease. 
HBP = high blood pressure. 


Dr. Denton A. Cooley replaced such an aneurysm using 
a graft. The aorta was clamped in this case at the level of 
the superior mesenteric artery, the aneurysm was totally 
excised, and the proximal end of the aortic homograft 
was sutured to the proximal aorta and incisions made in 
the lower circumference of both renal arteries. This op- 
eration was successful and a more modern method of 
treatment was illustrated by the same individual in a sur- 
gical atlas published in 1979.2 The current authors have 


employed the latter techniques as described here and else- 
where, with minor modification, and consider the method 
to be the current procedure of choice.* Others who have 
presented their experience in recent years include Perry, 
Robb, and Stoney and associates.*® 

The application of the surgical techniques described 
here are simple and in the range of any vascular surgeon 
competent in the management of infrarenal abdominal 
aortic aneurysms. Thus, they may be applied and treat- 
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TABLE 3. Risk Factors Predictive of Early Death 








Univariate Multivariate 
Analysis Analysis 
Variable (p Value) {p Value) 
Renal artery occlusion 0.0471 NS 
Treatment before 1979 0.0121 0.0068 





ment not delayed or complicated by exploration and later 
referral. 

The current or persistent problem is one of diagnosis. 
and this study and others may clarify this. The diagnosis 
is made first on the basis of probabilities and second by 
special studies, both being employed in the evaluation of 
the patient. First, juxtarenal infrarenal abdominal aortic 
aneurysms are not rare and do not extend out onto the 
renal arteries. They occur in 2~7% of patients with in- 
frarenal abdominal aortic aneurysm, depending on refer- 

« ral patterns. Abdominal aortic aneurysms that involve 
only the renal arteries are much more rare, being less than 
1% when cases with involvement of aberrantly located 
renal arteries are excluded. Moreover, the renal arteries 
in cases of simultaneous involvement usually are involved 
by extension of aneurysm into renal artery. Thus, by de- 
duction, one can conclude that the aneurysm is juxtarenal 
infrarenal in location if, one, the aortic segment from 
which the superior mesenteric and celiac axis is normal 
as determined by lateral aortography and, two, if the renal 
arteries are not themselves aneurysmal in nature. 


Special Studies 


Experience in the cases reported here further suggests 
that biplane aortography is indicated in all patients with 
abdominal aortic aneurysms, particularly those of large 
size. Although ultrasonography and CT scanning are 
valuable in diagnosis, these methods of examination are 
unreliable in determining renal artery involvement in pa- 
tients with large aneurysms. The most common available 
method for this determination at the present time is bi- 
plane aortography. In patients with large aneurysms, the 
aorta at or near the renal artery level remains attached to 
the perispinal tissues anteriorly. The infrarenal aortic 
aneurysm not only produces widening of the infrarenal 


TABLE 4. Risk Factors Predictive of Renal Failure 








Univariate Multivariate 
Analysis Analysis 
Variable (p Value) (p Value) 
Rupture 0.0735 0.0398 
Clamp time 0.0477 NS 
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Fic. 6. Diagram of a large juxtarenal infrarenal abdominal aortic aneu- 
rysm showing elongation of segment involved by aneurysm and kinking 
of the uninvolved aorta at the renal artery level to demonstrate overlay 
of the aneurysm superiorly with the aortic segment from which the renal 
arteries arise. 


abdominal aorta, but elongation as well (Fig. 6). This 
elongation causes the superior aspect of the aneurysm to 
overlay the renal artery origins and kinking of the unin- 
volved aorta at the renal artery level. 

Studies, ultrasonography, CT scanning, and aortogra- 
phy performed only in the anterio-posterior projection 
suggest renal artery involvement. Coronal ultrasonogra- 
phy and CT scanning are not reliable, but aortography in 
the lateral projection more clearly demonstrates this de- 
formity and is indicative of juxtarenal infrarenal involve- 
ment, unless the renal arteries are aberrantly located low 
on the infrarenal abdominal aorta, which would not pose 
particular problems in the management. 

Magnetic resonance imaging has just become available 
for clinical use, and it is hoped that this modality of non- 
invasive study will make juxtarenal infrarenal diagnosis 
clear, particularly when performed in the coronal and 
sagital positions as suggested by others.’ 
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DISCUSSION 


Dr. ROBERT B. SMITH HI (Atlanta, Georgia): Dr. Crawford and his 
colleagues have been the pacesetters in so many aspects of aortic surgery. 
Once again, they have demonstrated that the simplest and most direct 
surgical method produces superior results. 

For those of us who are not equal to Dr. Crawford’s masterly technical 
skill, it is reassuring to know that the kidneys will tolerate as much as 
twice his average normothermic ischemic time, or in the range of 35 to 
40 minutes, before significant damage becomes recognizable. Our ex- 
perience has convinced us that in the type of procedures just discussed, 
and also in the case of thoracoabdominal aneurysms repaired by the 
Crawford technique, one need not be bothered by elaborate renal artery 
perfusion arrangements or selective renal hypothermia, but simply cross- 
clamp the aorta and proceed to complete the visceral revascularization 
in a timely manner. We do use mannitol, for whatever protection that 
might provide, and exercise care to have the patient well hydrated at the 
time of the operation. 

I have several technical questions related to management of concom- 
itant renal and mesenteric artery lesions in association with the aneurysm 
repair: 

How does Dr. Crawford handle coexisting asymptomatic stenosis or 
occlusion of one or both renal arteries and also of the superior mesenteric 
artery? Would you ordinarily do prophylactic revascularizations, and do 
you prefer endarterectomy or side limbs from the aortic prosthesis for 
this purpose? Additionally, how do you manage the inferior mesenteric 
artery, assuming that its orifice is patent at the aorta? Finally, you have 
reported favorable results with autotransfusion in aortic surgery. Have 
you observed significant complications with that technique in this present 
series? 

Thank you. 


Dr. WILLIAM H. Epwarps (Nashville. Tennessee): | want to com- 
pliment Dr. Crawford on his presentation this morning and thank him 
for allowing me to review his manuscript, which he actually got to me 
a couple of days ago, and to say that, as a bagman for the Nashville 
Mafia, I am pleased to be able to get up here again with leader, Secretary 
Sawyers, and the Godfather, Dr. Herrington. 

Several years ago before this association, I made the statement that 
when Stanley Crawford speaks, people listen. 1 would repeat that this 
morning. 

Dr. Crawford in his manuscript emphasizes that the diagnosis of jux- 
tarenal abdominal aneurysm can be made many times on the basis of 
probabilities that this segment of the aorta may be involved in up to 
10% of the patients, but that the renal arteries themselves wili be involved 
in probably only about 1% of patients. 

He has emphasized the role of aortography in the diagnosis of this 
lesion. The use of biplane aortography is essential, and we would agree 
100% and have always felt that the use of an aortogram allows the surgeon 
to plan his operation and to see lesions such as these, so that he might 
better plan exactly what to do. 

Adequate control of the proximal aorta is essential. 

(Slide) For years we approached ruptured abdominal-aortic aneurysms 
by control of the aorta at the hiatus. However, one day I found this 
instrument at the St. Thomas Hospital, which is an aortic compressor 
that is an excellent instrument to apply at the esophageal hiatus to com- 
pletely control the aorta, and this is what we currently use as long as we 
have a good strong, first year resident. We put him on several standing 


tools, and he is able to control that aorta without having to dissect it out 
and apply a clamp. 

(Slide) Just a couple of arteriograms to re-emphasize exactly what Dr. 
Crawford has pointed out, that the aneurysm may extend right to the 
renals, that with lateral projection we can tell exactly what is involved, 
and that in addition to the aneurysm at the level of the renal arteries, 
we can also determine if there is any involvement of other visceral vessels 
that might need attention. 

(Slide) In his manuscript, he comments on those aneurysms that might 
involve a renal artery, usually the left, and that with dissection of that 
left renal artery, it can be replanted onto the Dacron® graft, which can 
generally be placed below the right renal artery. 

In closing. I would again like to compliment Dr. Crawford on his 
excellent presentation and to say that I am pleased that many of the 
techniques that he taught me 25 years ago still stand me in good stead. 

Thank you. 


Dr. DANIEL B. NUNN (Jacksonville, Florida): It is indeed a privilege 
and honor to discuss Dr. Crawford’s paper. Aside from being a reasonably 
experienced surgeon of some notoriety, Stanley Crawford enjoys the 
even greater distinction of being the only fellow Southerner that I 
know in whom I can recognize a Southern accent. . 

As is customary, Dr. Crawford’s lucid and explicit presentation has 
left tittle room for disputation, and certainly it is impossible to match 
numbers with him. Nevertheless, I wish to make a few observations and 
also ask Dr. Crawford several questions. 

The material presented underscores the need for adequate preoperative 
aortography in all nonemergent patients with aortic aneurysms and sus- 
pected renal involvement. In my judgment adequate aortography includes 
AP, lateral, and even possibly oblique views to evaluate not only the 
renal arteries but also the status of the mesenteric circulation. 

I fully concur with Dr. Crawford’s belief that one cannot depend on 
physical examination or CT scanning or ultrasonography to differentiate 
juxtarenal aortic aneurysms from those directly involving the renal ar- 
teries. Moreover, it should be emphasized that an accurate diagnosis on 
the basis of surgical exploration alone is frequently difficult. 

The operative technique described by Dr. Crawford for the juxtarenal, 
infrarenal aortic aneurysms, that is, clamping the aorta at the diaphrag- 
matic level and working within the aneurysm, is unquestionably tech- 
nically easier, faster, and safer than alternative techniques utilizing su- 
prarenal aortic occlusion. Diaphragmatic aortic occlusion as opposed to 
suprarenal occlusion avoids the danger of injury to the renal arteries and 
veins, the lumbar vessels, and the superior mesenteric artery. 

I wish to pose the following questions to Dr. Crawford. 

Number one, do you at times find it necessary to divide the left renal 
vein in dealing with juxtarenal aneurysm, and, if so, do you reanastomose 
the vein? Number two, I cannot help but ask whether you use systemic 
heparinization in this type of aneurysmectomy, and number three, do 
you employ routine use of Swan-Ganz monitoring both during the peri- 
and postoperative periods. 

Finally, I wish to congratulate Dr. Crawford for still another significant 
contribution to vascular surgery. and also I want to thank you for the 
opportunity of reviewing your excellent manuscript. 


Dr. E. STANLEY CRAWFORD (Closing discussion): I want to thank 
Drs. Edwards and Nunn for their complimentary remarks and the 
knowledge that they have added to this subject and will address my 
discussion to their questions or the points that they have made. 
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Cardiac hemodynamics have been monitored during operation and 
the first 24 hours after operation for the last 5 years in order to detect 
and correct abnormalities of heart function occurring during operation. 
This modality may be important both during aortic clamping and de- 
clamping in determining the speed in which both are performed. It is 
most useful in determining intravenous fluid requirements and regulation 
as well as the need for diuretics and specific cardiac medications. 

The back bleeding from visceral and lumbar arteries in the aortic 
segment between diaphragmatic clamp and region of proximal anasto- 


mosis is aspirated by suction limb of cell saver device. With specially _ 


designed equipment, a unit of blood can be washed and returned every 
2 minutes instead of 8-12 minutes by conventional apparatus. An average 
of five units of red cells are obtained and returned to the patient during 
operation for this type of aneurysm. 

Associated renal artery obstruction limited to the origin of the renal 
arteries is treated by endarterectomy performed from inside the aorta. 
The tissue plane between aortic intima and outer layers is entered ap- 
proximately 10 mm from the renal artery origin, using a circular incision 
` in the aortic intima. The aortic intima within this circle is mobilized 
and dissection extended within the subintimal tissue plane into the renal 
artery beyond the obstruction. The specimen breaks off smoothly when 
the dissection passes the obstruction. The renal artery obstruction is less 
frequently diffuse and involves long segments of artery or located distally. 
Reconstruction in these cases is performed with 8 mm Dacron® grafts 
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inserted between the aortic graft proximally and the patent renal artery 
distally. In either case, completion aortography may be desirable. 

Symptomatic occlusion of the superior mesenteric artery regardless 
of extent requires treatment for relief of symptoms, and asymptomatic 
partial occlusion of the superior mesenteric artery is treated to prevent 
progression to more complete occlusion, which may result in symptoms 
or mesenteric infarction. Isolated lesions at the origin of vessel is treated ~ 
with a Dacron bypass graft, as described in patients with renal artery 
occlusion. Rarely, patients may have diffuse proximal atherosclerotic 
occlusive disease producing partial obstruction of the proximal aorta 
and varying degrees of obstruction of the renal, superior mesenteric, and 
celiac arteries. In the treatment of these cases, we prefer exposure through 
a thoracoabdominal incision, lower thoracic aortic clamping, and end- 
arterectomy of the proximal aorta and all of its branches through a pos- 
terior vertical incision. After closure of the vertical incision, the aortic 
graft is inserted in routine fashion with the proximal anastomosis adjacent 
to the origin of the renal arteries. In any event, large inferior mesenteric 
arteries providing collateral circulation are reattached to the graft. 

The clotting mechanism of these patients is frequently altered by he- 
modilution with administration of crystalloid solutions and washed red 
cells. Fresh plasma may be indicated to produce good prompt clotting 
at the end of operation or at the time of hemodilution. Heparin must 
be given with caution and is limited to the patient with distal occlusion 
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Criances are, you've never seen a pulmonary 
embolism (PE), much less a fatal one. Even so, 
you know the consequences can be catastrophic. 
Sudden death at the worst. Full anticoagulant 
therapy and prolonged hospital stay at best. 

You never know for sure when PE will 
strike—even for those patients you know are at 
risk. But now there 7s a way you can put the odds 
in your favor: with Embolex Injection, the latest 
advance in the prevention of postop deep-vein 
thrombosis (DVT) and PE. 

When you prescribe Embolex therapy for 
your patients over age 40° who are undergoing 
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Please see brief summary of full prescribing information on last page of this insert. 


major abdominal, pelvic or thoracic surgery, you 
put the odds in everyone's favor. Your favor. Your 
patient's favor. Your referring physician's favor. 
Your hospital’s favor. 


An advanced two-pronged defense. 
Only Embolex Injection provides an advanced, 
two-pronged defense against postoperative deep- 
vein thrombosis and pulmonary embolism. 

Because only Embolex Injection, a unique 
combination of low-dose heparin and dihydroer- 
gotamine, acts to prevent two of the three major 
factors that contribute to DVT’ 


Prevents hypercoagulability.’ 

The low-dose heparin component in Embolex 
Injection acts to prevent hypercoagulability, but 
without an increased risk of bleeding. 

A US. multicenter study involving 16 indi- 
_ vidual centers revealed no statistically significant 
" difference in postop bleeding between Embolex 
Injection and placebo. Excessive postop bleeding 
was 2% in both cases. Wound hematoma was 3% 
with Embolex Injection and 2% with placebo. 


Prevents venous stasis: 
The dihydroergotamine component in Embolex 
Injection acts to prevent venous stasis—something 
heparin alone can't do. 
Remarkably, Embolex Injection increases 
venous tone up to 250% and venous blood flow 








by up to 50%. Yet, because of its venous selectiv- 
ity, Embolex Injection affects heart rate, cardiac 
output and other hemodynamic parameters only 
minimally." 

This unique combination of actions adds up 
to an impressive record of efficacy. 


44% decrease in DVTs compared 
with heparin: 
The same U.S. multicenter study confirmed 
a 44% decrease in DVTs as diagnosed by the 
radiofibrinogen uptake test compared with low- 
dose heparin: 


ELATIVE INCIDENCE OF DVEIN 
U.S. MULTICENTER TRIAL} 


Placebo 


Embolex 


If Embolex Injection can reduce the inci- 
dence of RFUT-diagnosed DVTs, it can also reduce 
the incidence of clinically relevant DVTs. 


Putting the odds in your favor 
is safe, easy, and inexpensive. 

Embolex Injection is easily tolerated! One 
subcutaneous injection two hours preop and one 
injection b.i.d. for five to seven days postop is all 
it takes. 

The average cost to the hospital is less than 
$5.00 per day—a small price to pay for peace 
of mind. 

So wouldn't you agree Embolex Injection is 
well worth evaluating? The results are impressive 
and the risks relatively few. 






E Put the odds in your favor 
EMBOLEX 


{dihydroergotamine mesylate and heparin sodium; 
with lidocaine HCI) Injection 
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Before prescribing or administering, see package circu- 
lar for full product information. The following is a brief 
summary. 


EMBOLEX 


(dihydroergotamine mesylate and heparin sodium; 
with lidocaine HCI) Injection 
INJECTION 


Indications and usage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCI) Injection (a 
low-dose regimen) is indicated for the prevention of post- 
Operative deep venous thrombosis and pulmonary embo- 
lism in patients undergoing major abdominal, thoracic, or 
pelvic surgery (see DOSAGE AND ADMINISTRATION). 
Such prophylaxis should generally be reserved for patients 
over the age of 40 who are undergoing major surgery. 
Contraindications: Embolex (dihydroergotamine mesy- 
late and heparin sodium; with lidocaine HCl) treatment is 
cconttaindicated in patients who have previously shown 
hypersensitivity to heparin, ergot alkaloids, or lidocaine 
This combination is also contraindicated in patients with 
known peripheral vascular disease, coronary insufficiency, 
angina, severe hypertension, impaired hepatic or renal 
function, sepsis, severe thrombocytopenia, or in patients 
receiving oral anticoagulant therapy. 

Heparin should not be administered to patients with an 
uncontrollable active bleeding state, or patients unable to 
submit to suitable blood coagulation tests (e.g., whole 
blood clotting time, partial thromboplastin time). While 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) contains heparin, this con- 
traindication refers to full dose heparinization. Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI), which utilizes low dose heparin as one of 
its components, does not require monitoring of patients 
having normal coagulation parameters. 

DHE possesses oxytocic properties. Therefore, Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection should not be administered dur- 
ing pregnancy. 

Warnings: Need to Rule Out Bleeding Disorders: All patients 
should be screened prior to administration of Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl) prophylaxis to rule out bleeding disorders; 
appropriate coagulation tests should be repeated just prior 
to surgery. Test values should be normal or only slightly 
elevated at these times. 

Caution in Disease States in Which There is an Increased 
Danger of Hemorrhage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCl) Injection 
should be used with extreme caution in disease states in 
which there is increased danger of hemorrhage. The poten- 
tial for increased bleeding both during and after surgery 
should be considered. Some of the conditions in which 
increased danger of hemorrhage exists are: 
Cardiovascular: Subacute bacterial endocarditis; severe 
hypertension 

Surgical: During and immediately following (a) spinal tap 
or spinal anesthesia or (b) major surgery, especially involv- 
ing the brain, spinal cord, or eye. 

Hematologic: Conditions associated with increased bleed- 
ing tendencies, such as hemophilia, thrombocytopenia, 
and some vascular purpuras. 

Gastrointestinal: Ulcerative lesions and continuous tube 
drainage of the stomach or small intestine; liver disease 
with impaired hemostasis. 

Thrombocytopenia: Thrombocytopenia has been reported 
to occur in patients receiving heparin with a reported inci- 
dence of 0 to 30%. Mild thrombocytopenia (count greater 
than 100,000/mm?) may remain stable or reverse even if 
heparin is continued. However, thrombocytopenia of any 
Gegree should be monitored closely. If the count falls below 
100,000/mm? or if recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUTIONS), Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lidocaine 
HCI) administration should be discontinued. 
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Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) Injection does not have fibri- 
nolytic activity; therefore it will not lyse preexisting or estab- 
lished deep vein thrombi. If clinical evidence of 
thromboembolism develops despite Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCI) prophy‘axis, this should be discontinued and full ther- 
apeutic doses of anticoagulants administered unless 
contraindicated. 

Arterial Spasm: DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do so less commonly than other ergots. This action 
appears to be dose-related; however, some patients may 
demonstrate individual sensitivity to the agent. 
Vasospastic reactions are manifested by intense arterial 
vasoconstriction, producing signs and symptoms of periph- 
eral vascular ischemia (e.g., muscle pains, numbness, cold- 
ness and pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
spasm can result in serious morbidity (gangrene) or death, 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) should be discontinued imme- 
diately if signs or symptoms of vasoconstriction develop. 
In worldwide experience with Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCI), 
representing ebout 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating condition 
such as sepsis. In most cases, cessation of Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lido- 
caine HCI) and institution of vasodilator therapy reversed 
the vasospasm. 

In clinica! trials of Embolex (dihydroergotamine mesylate 
and heparin sodium; with lidocaine HCl) there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome": Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resulting from irreversible aggregation of plate- 
lets induced by heparin, the so-called white clot syndrome 
The process may lead to severe thromboembolic compli- 
cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, pulmonary embolism and stroke 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance: Increased resistance to heparin has 
been frequently encountered in fever, thrombosis, throm- 
bophlebitis, infections with thrombosing tendencies, myo- 
cardial infarction, cancer and in postsurgical patients. 
Increased Risk m Older Women: A higher incidence of 
bleeding has been reported in women over 60 years of 
age. 

Laboratory Tests: Periodic platelet counts, hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardless of the route 
of administration 

Drug Interactions: Agents of the ergot alkaloid class, of 
which DHE is a member, have been shown to interact with 
antibiotics of the macrolide class, resulting in increased 
plasma levels of the unchanged alkaloid 

Platelet aggregation is the main hemostatic defense of hep- 
arinized patients. Drugs which interfere with platelet aggre- 
gation reactions ‘such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxychloroquine and others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) Injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium. 

Drug/Laboratory Test Interactions: Hyperaminotransfera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage of patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are importent in the differential diagnosis of myo- 
cardial infarction, liver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl) Injecton] should be interpreted with caution. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed to eval- 
uate carcinogenic potential of either DHE or heparin. Also, 
no reproduction studies in animals have been performed 
concerning mutagenesis or impairment of fertility. 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS. 

Nursing Mothers: Heparin is not excreted in human milk. 
It is not known whether DHE is excreted in human milk. 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Embolex (dihydroergot- 
amine mesylate and heparin sodium; with lidocaine HCl) 
Injection is administered to a nursing woman 

Pediatric Use: Safety and effectiveness of DHE in children 
has not been established 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chief complication that 
may result from Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCl) administration (see 
WARNINGS). An overly prolonged clotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug (see OVERDOSAGE). 
Deep subcutaneous administration of Embolex (dihydroer- 
gotamine mesylate and heparin sodium; with lidocaine 
HCI) Injection may produce local irritation, mild pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 


N 


SANDOZ PHARMACEUTICALS 


Division of Sandoz Pharmaceuticals Corporation 
East Hanover, NJ 07936 















HEMORRHAGIC COMPLICATIONS —U.S. STUDY 
Number and Percentage of Patients 




























































T __ TREATMENT GROUP 
Complication 
pli DHE/HEP oer HEP 5000 | Placebo 
Excessive e an 
Postoperative | N=212 | N=227 | N=220 |N=106 
Bleeding 4 (2%) 8 (4%) 7 (3%) 2 (2%) 
Mean 
Change in 
Hemoglobin 
Levels in N=165 | N=169 | N=173 | N=81 
gm/100 mi at: —1.4 sis -145 
Pretreatment 
vs. Day 5 
Postop 
N=208 | N=219 | N=216 |N=109 
6 (3%) 4 (2%) 7 (3%) 2 (2%) 
Hematomaat | N=209 | N=225 | N=221 |N= 109 
Injection Site | 24 (11%) | 27 (12%) | 26 (12%) | 7 (6%) 
Microscopic 
Hematuria- 
Day 5- N=156 | N=157 | N=159 | N=77 
All Patients- 38 (24%) | 43 (27%) | 41 (26%) |28 (36%) 
Catheterized & 
Uncatheterized <= 


Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes, muscle pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 

Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphylactoid reactions, including 
shock, have also been reported more rarely. Itching and 
burning, especially on the plantar side of the feet, may 
occur 

Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30%. 
While often mild and of no obvious clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
In preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting; 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
trolled trials for all treatment groups pooled: 


INSTANCES OF ADVERSE EFFECTS* 
U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HC!) CLINICAL TRIALS 


TREATMENT GROUP 












11 (2.3%) 
11 (2.3%) 


1 (0.4%) 











Abdominal 












Discomfort 3 (0.6%) 
GI Bleeding 3 (1.3%) 
Miscellaneous | _4 (0.8%) 










VASCULAR 
Chest Pain 
Hypertension 
Myocardial 
Infarction 
Shortness of 
Breath 
Tachycardia 
Miscellaneous 
CNS 

Pyrexia 
Miscellaneous 
SKIN 


7 (1.5%) 
2 (0.4%) 


2 (0.4%) 
2 (0.4%) 


2 (0.4%) 
6 (1.3%) 


2 (1.0%) 
2 (0.8%) 








1 (0.4%) 





1 (0.4%) 















1 (0.4%) 
2 (0.8%) 





2 (0.9%) 


1 (0.4%) |2 (1.0%) 
Rash 8 (1.7%) | 1 (0.4%) | 1 (0.4%) |2 (1.0%) 
Miscellaneous | 9 (1.9%) | 1 (0.4%) 2 (1.0%) 


“Not all of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI), as these postsurgical patients 
received other drugs. 










3 (0.6%) 
5 (1.0%) 
























How supplied: Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) Injection is available 
as a single ampul in packages of 20 and 100 as follows: 
Ke 0.5 mg/2500 USP Units Heparin/Lidocaine HCI 

5.33 mg 

Package of 20 ampuls (NDC 0078-0118-03) 

Package of 100 ampuls (NDC 0078-0118-05). 

This combination strength is not currently available. 

DHE 0.5 mg/5000 USP Units Heparin/Lidocaine HCI 
7.46 mg 

Package of 20 ampuls (NDC 0078-0119-03). 

Package of 100 ampuls (NDC 0078-0119-05). 

Store and dispense: Store below 77°F (25°C), dispense 
in light-resistant containers. 


Manufactured by Sandoz, Ltd., Basle, Switzerland for 

Sa :coz Pharmaceuticals Corporation, East Hanover, 
NJ 07936. 
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The temporal sequence of events was examined from initial con- 
tact of endothelial cells (ECs) to Dacron? until the establishment 
of a monolayer. Cultured human adult ECs were radiolabeled, 
seeded onto Dacron, and adherence was quantified after vigorous 
washing. Firm adherence of 70% of the seeded ECs was seen by 


© 2 hours to untreated Dacron, by 30 minutes to Dacron pretreated 


with a combination of interstitial type I/II collagen and an am- 
nion-derived basement membrane (Type IV) collagen surface, 
and by 10 minutes to plasma-coated Dacron. Parallel samples 
were examined morphologically by scanning electron microscopy 
(SEM) to evaluate the adherence of ECs to surfaces. ECs seeded 
onto plain Dacron exhibited limited adherence, while cells on 
plasma-treated Dacron exhibited limited cell-cell associations. 
On basement membrane-treated Dacron, by 30 minutes the ECs 
exhibited a flat attenuated morphology, completely covering the 
graft surface. This time-frame is compatible with most vascular 
procedures, making an immediately endothelialized graft feasible. 


HE USE OF prosthetic vascular grafts to bypass ar- 
terial occlusive lesions has greatly aided patients 
with atherosclerosis. The principle limitation of 

their use has been in the area of small vessel replacement 
therapy. Experience has shown a poor patency rate when 
grafts 4 mm and smaller are used, particularly when ex- 
tensive occlusive disease with outflow obstruction coex- 
ists.!* One major contributing factor to the high failure 
rate has been related to the intrinsic thrombogenicity of 
currently existing prosthetic materials. A potential solu- 
tion to complications as a result of thrombogenicity might 
be the generation of an endothelium on the graft surface. 
Unfortunately, although this occurs spontaneously at a 
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variable rate in many laboratory animals, it fails to develop 
in humans.*’ 

Many investigators have shown that the process of en- 
dothelialization can be augmented in animals by autol- 
ogous endothelial cell (EC) “seeding” of the graft at the 
time of implantation.**"! It is not known whether this 
technique will aid graft endothelialization in humans.'? 
However, even if seeding is proven to augment endotheli- 
alization in humans, it is not clear that it would improve 
short-term patency of small caliber grafts. This may be 
predicted on the basis that 4 to 6 weeks following graft 
implantation are required for a significant percentage of 
the graft to be spontaneously endothelialized in most an- 
imals. If this time frame is compared with most human 
lower extremity prosthetic graft clinical series, it is noted 
that a large percentage of graft failures due to thrombosis 
occurs within the first month following implantation.'* 
Thus, establishment of an intact endothelium on a graft 
at or near the time of implantation might be necessary 
before a significant effect on short-term patency could be 
seen. 

For this to be an obtainable goal, one would require a 
ready source of large quantities of autologousECs, a pros- 
thetic surface substrate combination receptive to ECs, and 
knowledge of the attachment requirements and temporal 
parameters necessary to allow both a functional and shear- 
resistant monolayer to reliably form. Although all of these 
factors must be addressed ultimately, in this study we have 
chosen to determine the temporal sequence of events from 
ECs seeding on a prosthetic surface to generation of a 
confluent monolayer. Examining the kinetics of EC at- 
tachment and subsequent attainment of confluence is 
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useful in that it may reveal whether a vascular graft can 
be pre-endothelialized at the time of implantation. 


Methods 
Isolation and Culture of Human Endothelial Cells 


Endothelial cells were isolated from vascular tissue 
procured from brain-dead, heart-beating cadaver renal 
donors and were cultured according to our previously 
published procedures.'*!> In the present study, ECs from 
adult human iliac veins were used. Briefly, cells were iso- 
lated from a fresh iliac vein by treating the luminal surface 
with collagenase (Worthington Type I; Worthington Di- 
agnostic Systems, Inc., Freehold, NJ) and grown in 25- 
cm? tissue culture flasks precoated with gelatin (1%) in 
culture medium [medium 199, 20% heat-inactivated fetal 
calf serum, 90 ug/ml heparin (porcine), and 20 pg/ml 
endothelial cell growth factor (ECGF)]. Population dou- 
blings were calculated during culture by the formula PD 
= log? (number of cells harvested/number of cells seeded 
XxX attachment efficiency) and summed to give the cu- 
mulative population doublings (CPDs). The EC identity 
of cultures was established using criteria previously re- 
ported,'* and included positive staining for factor VIH- 
related antigen, cobblestone morphology, and the expres- 
sion of EC-specific prostaglandin and angiotensin-con- 
vertin enzyme activity. 


Preparation of Human Basement Membrane Native Ma- 
trix Surfaces 


A surface of human basement membrane components 
was prepared using fresh human placenta.'*!7 All pro- 
cedures were performed under sterile conditions. The in- 
ner amnionic membrane was gently separated manually 
from chorion, washed three times with sterile distilled 
H,0, and incubated with | mM n-ethylmaleimide for 1 
hour at 4 C. The amnion then was incubated in 4% de- 
oxycholate solution for 2 hours at 37 C. This procedure 
loosened the epithelial cells from underlying basement 
membrane and facilitated the denudation of the epithelial 
cell layer with the addition of gentle agitation using a 
rubber policeman. The underlying basement membrane 
was exposed and served as a surface for EC seeding. Pre- 
pared amnion was preserved until graft preparation in 
complete culture media (M 199, 20% heat inactivated 
FCS, 90 mg/m! L glutamine) supplemented with 1200 
g/ml penicillin/streptomycin and 4 ug/ml Fungizone®. 
Prior to use, the amnionic membranes were incubated 
for a minimum of 2 hours in culture media. 


Collagen Preparation 


Heterologous interstitial collagen types I and III were 
prepared from human placenta following the procedures 
of Madri.'® Briefly, minced and freeze-dried placenta was 
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pepsin-digested, and a collagen fraction was solubilized 
with 0.5 M acetic acid. Types I/HI collagen were precip- 
itated with 1.4 M NaCl, and the precipitate was collected 
and dialyzed extensively against buffer. The white floc- 
culent collagen was used either immediately or freeze dried 
and stored at —20 C until use. 


Graft Surface Preparation 


The surface of woven Dacron graft was coated with 
collagen following the solubilization of collagen in 0.0174 
M acetic acid and dilution to 0.32% collagen with ice- 
cold medium 199 and NaHCO3;. Deposition was pro- 
moted by allowing grafts to sit overnight at 20 C. The 
surface then was covered with 0.2% glutaraldehyde for 1 
minute and rinsed with plain medium. Prepared amnion 
then was overlayed onto the graft surface, with the base- 
ment membrane surface oriented away from the Dacron® 
surface. This was incubated at 37 C for 2 hours to promote 
graft-to-amnion adhesion. The amnion-coated graft was 
then immobilized within a plastic ring (Beem capsule, 
Polysciences, Fort Washington, PA), providing a 0.5-cm? 
surface area,!° 


Dacron Treatment with Platelet-Rich Plasma 


Platelet-rich plasma (PRP) was prepared from antico- 
agulation (acid-citrate dextrose) whole blood from normal 
human donors. Just prior to graft treatment, PRP was 
mixed with 50 mM CaCl. Grafts were treated with PRP, 
and a fibrin clot was permitted to form at 37 C. The clot 
was washed with culture media prior to EC seeding. 


Scanning Electron Microscopy of Endothelial Cell Seeded 
Grafis 


ECs derived from iliac veins were grown to confluence 
in 25-cm? flasks and used for cell seeding after two cell 
passages at a 1:4 split ratio. ECs were treated briefly (1.5 
minutes) with trypsin solution (0.25% trypsin with 0.09% 
EDTA in normal saline), washed once with culture media, 
and resuspended in complete culture media prior to graft 
surface seeding. ECs were seeded at a cell concentration 
sufficient to provide a 100% confluent monolayer of cells 
on gelatin-coated plastic surfaces. This density is equal to 
1 X 10° cells/cm?. 

At appropriate times, seeded graft surfaces were washed 
free of non- or loosely adherent cells by forcing complete 
culture media through a Pasteur pipette directed over the 
seeded graft surface. Graft surfaces were immediately fixed 
in 1% glutaraldehyde and prepared for SEM. 


Scanning Electron Microscopy 


Seeded graft surfaces were fixed with 1% glutaraldehyde 
for | hour, 2% glutaraldehyde for 2 hours, washed three 
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times (20-minute period) with Tyrodes cacodylate buffer 
(pH 7.4), and dehydrated in a graded series of acetone. 
The grafts, still immobilized within plastic rings, were 
critical point dried and coated with gold palladium. 
Mounted samples were examined in a Phillips scanning 
electron microscope. 


Radiolabelling of EC 


ECs were radiolabeled using two separate procedures. 

Thymidine labeling. Confluent ECs in a T-25 flask were 
treated with trypsin solution, washed with culture me- 
dium, counted, and replated onto a T-75 flask at 10* ECs/ 
cm?. After 24 hours of growth, 0.5 Ci of triatrated thy- 
midine (Amersham, Arlington Heights, IL) was added to 
the flask and incubated for 24 hours. The radioactive su- 
pernatant was removed and incubated for 24 hours. The 
ECs were treated with trypsin solution and counted on a 
scintillation counter. 

Indium labeling. ECs were grown to confluence in 25 
cm? flasks and briefly trypsinized. Released cells were pel- 
leted by centrifugation (100 X g; 3 min) and washed once 
with phosphate buffered saline (pH 7.4). The cells were 
resuspended just prior to labeling in 0.5 ml of phosphate 
buffered saline. The cell concentration was adjusted to 
2.5 X 10° cells/ml. Twenty microcuries of indium!'! (Medi 
Physics, Emeryville, CA) were added to the cell suspen- 
sion, and cells were permitted to label for 30 minutes with 
gentle agitation. Just prior to washing, a 5 ul sample was 
removed to permit final analysis of labeling efficiency. 
Labeled cells were washed three times by centrifugation 
using complete tissue culture medium. The final pellet 
was resuspended in complete tissue culture medium to a 
final concentration of 2.5 X 10° cells/ml. 


Radiolabeled EC Seeding and Adherence Quantitation 


The ECs were seeded onto matrix-coated Dacron im- 
mobilized in Beem capsules and incubated for specified 
time intervals (t = 1, 5, 10, 20, 30, 60, 120 minutes). At 
each time interval, the following samples were obtained. 
The first sample, designated the “supernatant,” was ob- 
tained by pipetting off the supernatant from the Beem 
capsule. The second sample, designated “loosely adhered,” 
was obtained by vigorously washing the graft surface by 
forcefully pipetting culture medium three times onto the 
surface. The medium used to perform these washings was 
pooled, and the entire specimen formed the second sam- 
ple. The third sample, designated “adhered,” was obtained 
by removing all adherent ECs from the graft surface. This 
was performed by solubilizing EC samples in triplicate in 
0.2 ml of 0.3% sodium dodecyl sulfate and transferring 
the resulting solution to filter paper. Each filter paper was 
transferred to 10% ice cold TCA, and precipitated material 
was counted. The individual sample counts were nor- 
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FIG. 1. Adherence of human adult endothelial cells to untreated Dacron 
grafts. Endothelial cells were radiolabeled and cell association quantified 
as described in the methods. At designated times, ECs that remdined 
free in the supernatant (M-m) were quantified. The graft surface then was 
washed by expelling media from a Pasteur pipette over the surface and 
cells loosely adhered (0-0) and firmly adhered (@-@) were quantified. 
Briefly cultured and minimally trypsinized endothelial cells exhibit a 
time-dependent adherence to untreated Dacron. 


malized to percentages of the total number of counts in 
all three samples and plotted as % EC in each fraction 
versus time in minutes. ECs labeled with tritiated thy- 
midine were counted in a scintillation counter, and ECs 
labeled with indium were counted in a gamma counter. 
Each data point represents the mean of two separate sam- 
ples. Each adhesion curve was replicated in at least three 
separate experiments. 


Results 


Quantitative Evaluation of EC Adherence 


The adherence of ECs to graft surfaces was evaluated 
using both thymidine-labeled and indium-labeled cells. 
Both of these procedures provided similar results, indi- 
cating that the method of cell radiolabeling does not affect 
the kinetics of cell adhesion. Human endothelial cells ex- 
hibited a time-dependent adherence to untreated woven 
Dacron graft surface (Fig. 1). By 10 minutes, approxi- 
mately 30% of the added cells were observed to be firmly 
adhered to the Dacron surface. The number of firmly ad- 
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Fic, 2. Comparison of human adult endothelial cell adherence to un- 
treated Dacron and Dacron treated with either platelet-rich plasma or 
human amnionic membrane. Establishment of a protein surface on 
Dacron accelerates the adherence of endothelial cells to the surface. PRP 
= surface resulting from clotting platelet rich plasma on Dacron. 
AMNION = surface resulting from the bonding of acellular amnionic 
membrane to the Dacron surface. The basement membrane surface of 
the amnion was oriented away from the Dacron surface. PLAIN = un- 
treated Dacron weave. Cellular adherence was quantified as described 
in Methods. 


hered cells gradually increased with time, with 50% firmly 
adhered by | hour and 80% of the added cells firmly ad- 
hered by 2 hours. Simultaneous quantitation of loosely 
adhered and nonadhered cells (Fig. 1) revealed that a ma- 
jor proportion of the cells that were not firmly adhered 
to the graft surface were free in suspension. By 2 hours 
of association with the graft, surface cells that were either 
loosely adhered or free in suspension accounted for ap- 
proximately 20% of the total cells added to the graft. 

When the graft surface was pretreated to produce a 
surface of either a platelet-rich plasma (PRP) clot or a 
natural basement surface prepared from human amnion, 
the rate of association of human endothelial cells was dra- 
matically accelerated (Fig. 2). The PRP clot facilitated the 
rapid association of ECs, with 70% of the added cells firmly 
adhered following 10 minutes of incubation. The number 
of cells adhered to PRP increased to a maximum of 80% 
by 2 hours. 

The initial adherence of HAEC to human basement 
membrane (amnion)-coated Dacron was intermediate 
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between untreated Dacron and PRP-treated Dacron (Fig. 
2). The number of cells adhered increased with the time 
until the number of cells adhered to amnion equalled the 
number adhered to PRP-treated Dacron, sometime be- 
tween 30 and 60 minutes. As seen in Figure 2, all the 
surfaces exhibited approximately the same number of ad- 
herent cells after 2 hours of incubation. 


Morphological Evaluation of EC Adherence to Grafi Sur- 
faces 


The quantitative analysis of EC-graft interaction pro- 
vided an analysis of the rate of EC adherence to the sur- 
face, but questions remained as to the form of interaction 
of ECs with graft surfaces. Therefore, we evaluated mor- 
phologically the adherence of ECs to basement mem- 
brane-treated and PRP-treated graft surfaces, and to un- 
treated Dacron itself. The temporal sequence of HAEC 
adherence to basement membrane treated grafts are shown 
in Figures 3 to 7. Following the addition of ECs, graft 
surfaces were washed at several intervals between | and 
120 minutes and evaluated by SEM. After just | minute, 
round ECs were observed to be firmly adhered to the 
comparatively smooth amnion surface. Following 10 
minutes of incubation (Fig. 4), ECs still maintained a 
round appearance, suggesting focal adherence to a limited 
area of the cellular basal surface. 

Evaluation of EC adherence to basement membrane 
after 20 minutes of incubation provides the first evidence 
of cellular shape change (Fig. 5). While spherical cells per- 
sist, cells with a more flattened morphology are observed. 
The edges of the more compressed cells are still rounded, 
suggesting limited association of cells at their distal sur- 
faces. An increase in the number of cells adherent after 
20 minutes also is evident. Figure 6 illustrates numerous 
morphologies of ECs adhering to the amnion surface. 
Most easily identifiable are the persistence of round cells 
adhered to both partially and fully spread ECs. The most 
numerous but least identifiable cell morphology is the 
extensively spread ECs, which provide a near complete 
cover to the original amnion surface. ECs that have not 
completely attenuated are also identifiable. 

A complete morphological maturation of the EC-seeded 
amnion surface is observed | hour after the onset of cell 
association (Fig. 7). ECs have covered the amnion surface, 
and the loss of membrane ruffles (compare the cell surfaces 
in Figs. 6 and 7) results in a smooth EC monolayer surface. 
The close association of ECs makes the identification of 
cellular borders difficult; however, the occasional presence 
of incompletely attenuated cells (arrow) provides a point 
of reference for the evaluation of the cellular nature of 
this monolayer due to the topology of the underlying 
Dacron fibers (Figs. 7 and 9). 

The morphology of cells adhered to PRP (Fig. 8) and 
untreated Dacron (Fig. 9) was also evaluated after 60 
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minutes of adherence. EC adherence to PRP-treated Da- 
cron (Fig. 8) was observed to involve areas both devoid 
of cells and areas where cells exhibited EC characteristic 
cell-cell interaction. Also of interest is the observed ap- 
parent deposition of fibrin on the surface of flattened ECs. 
Since this fibrin layer was formed prior to cell seeding, 
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Fics. 3-7. Scanning electron micrographs illustrating the association of 
human adult endothelial cells with amnion-treated Dacron as a function 
of time. Cells were permitted to associate with the amnion surface for 1 
minute (Fig. 3), 10 minutes (Fig. 4), 20 minutes (Fig. 5), 30 minutes 
(Fig. 6), or 60 minutes (Fig. 7). Nonadherent cells were removed by 
washing and samples fixed for morphological examination. All micro- 
graphs are printed at identical magnifications, and the bar is equal to 30 
microns. 


we suggest that ECs are exhibiting the ability to partially 
migrate under the fibrin lining prior to their complete 
adherence and flattening. Most importantly is the com- 
mon observance of areas that totally lack endothelium 
and therefore expose the fibrin layer. Finally, Figure 9 
represents EC adherence to untreated Dacron surfaces 
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Fic. 8. Scanning electron micrograph of human adult endothelial cell 
association to PRP-treated Dacron. PRP was forced into the Dacron 
surface and excess PRP removed. A fibrin clot was permitted to form 
and washed prior to EC seeding. Bar = 30 microns. 


after 60 minutes. To resist the forces generated during 
washing prior to fixation and during sample preparation 
for microscopic examination, ECs must wrap partially 
around and across individual Dacron fibers. Patches of 
multiple ECs were not observed on untreated Dacron 
surfaces. 


Discussion 


Vascular graft endothelialization potentially can be 
produced by low density EC seeding followed by EC pro- 
liferation, high density EC seeding, or spontaneous in- 
growth of ECs onto a surface following implantation. High 
density EC seeding with establishment of a confluent 
monolayer at the time of implantation offers the best pos- 
sibility of a nonthrombogenic graft in the first several 





Fic. 9. Scanning electron micrograph of human adult endothelial cell 
adherence to untreated Dacron graft. Bar = 30 microns. 


JARRELL AND OTHERS 


Ann. Surg. « June 1986 


weeks following surgery when the risk of thrombosis is 
greatest. The present study therefore was undertaken to 
examine whether high density EC seeding was capable of 
producing a morphologically normal appearing endothe- 
lial monolayer within time parameters compatible with 
an operating room vascular procedure. Experimental 
conditions were chosen based on our previous observa- 
tions on EC-graft interactions.'*'? However, unlike our 
previous studies, early passage ECs with only two prior 
exposures to trypsin were exclusively used.2°?! 

Two separate methods to study adherence were used 
because we have previously observed that a cell number 
compatible with a contact-inhibited confluent monolayer 
(i.e., 10° ECs/cm?) does not always correlate with a con- 
fluent monolayer on SEM.'° The radiometric method of 
quantitating cell adhesion, using both tritiated thymidine 
and indium''', was used as an accurate method to measure 
the number of ECs that are either not adherent, firmly 
adherent, or in the process of attaching to the surface. 
Using these tools, we have observed that firm adherence 
takes place within minutes to plasma-coated Dacron. In 
spite of this rapid adherence property, progression to a 
morphologically normal-appearing monolayer is delayed. 
The ECs at 60 minutes demonstrate few cell-to-cell in- 
teractions and have a “stellate” morphology rather than 
a “cobblestone” morphology. Although the nonthrom- 
bogenic characteristics of this surface have not been ex- 
amined, the abnormal morphology suggests that these ECs 
are not experiencing ideal conditions and may not tolerate 
the effects of flow. EC adherence to the amnion collagen- 
coated Dacron graft was slower than for the plasma coated, 
but the attainment of confluence was markedly different. 
Although the adherence was focal at the early time points, 
by 20 minutes the ECs were forming many attachment 
points to the surface and were in the process of flattening 
and spreading. The process of flattening was maximal by 
30 minutes, and many cell-to-cell interactions were pres- 
ent. This resulted in a confluent monolayer on SEM that 
appeared morphologically similar to native vessel endo- 
thelium. This exciting observation suggests that briefly 
cultured ECs have the capability of becoming a monolayer 
within a time-frame compatible with the surgical dissec- 
tion time prior to inserting a vascular graft. Thus, one 
could seed a graft at the beginning of the procedure and 
have a confluent monolayer by the time blood flow was 
restored. 

The adherence study on amnion/collagen-coated Da- 
cron reveals that 77% of the seeded ECs adhered to the 
surface by 30 minutes. This indicates that the majority 
of briefly cultured ECs possess the ability to adhere to the 
surface and that, most likely, no subgroup of ECs with 
special attachment properties is present or necessary. Since 
the ECs were seeded at a density equivalent to that of a 
confluent contact-inhibited monolayer (10° ECs/cm?), it 
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is also notable that subconfluent attachment (i.e., 77%) 
still allowed the attainment of a morphologically confluent 
layer. Thus, the minimum number of seeded ECs nec- 
essary to produce complete coverage of a graft without 
growth may be less than 7.7 X 10* ECs/cm*. 

Confluence in this study is defined as complete EC cov- 
erage of the prosthetic surface as seen on SEM. Cell-to- 
cell associations appear normal, but further studies with 
transmission electron microscopy are ongoing to deter- 
mine the type of junctions present, as well as the type of 
association between the ECs and graft substrate combi- 
nation. Substrate is known to have an effect on cell mor- 
phology and function and will have to be examined in 
this experimental setting before concrete conclusions can 
be drawn.” In addition, the use of amnion as a graft 
substrate requires further investigation. It is a biologically 
derived material not readily applicable to clinical use. In 
addition to Type IV collagen, it also contains other cellular 
attachment factors such as fibronectin and laminin. The 
effect of these variables in this system is not known, but 
they could play a key role in the establishment ofa mono- 
layer. 

Although the EC monolayer appears normal morpho- 
logically, it remains to be shown if it possesses other func- 
tional characteristics of normal endothelium, particularly 
with reference to nonthrombogenicity. It must also be 
shown that the monolayer is able to withstand physiolog- 
ical arterial shear stresses and maintain contained adher- 
ence.?®? This must be demonstrated not only for the EC- 
basement membrane adhesion but also the basement 
membrane-vascular graft interaction as well as EC-to-EC 
attachments. 

We conclude from this study that the majority of briefly 
cultured human adult large vessel ECs possess the ability 
to rapidly adhere within 10 minutes to plasma-coated 
Dacron and within 30 minutes to amnion/collagen-coated 
Dacron. Adherence to plain Dacron requires longer pe- 
riods of time before significant adherence has taken place. 
Although adherence to amnion/collagen-coated Dacron 
is slower, the net result after 30 minutes is a monolayer 
of ECs that completely covers the substrate and that ap- 
pears similar to normal vessel endothelium on SEM. 
Complete graft coverage does not occur on the plasma 
coated Dacron or plain Dacron within the 2-hour time 
frame. The data from the amnion/collagen-coated graft 
indicates that generation of an EC monolayer while in 
the operating room is feasible if a receptive graft-substrate 
combination is used. 


Summary 
Briefly cultured human adult arterial and venous ECs 


were seeded at high density onto Dacron vascular graft. 
The graft was either untreated, pretreated with platelet 
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rich plasma, or coated with a combination of interstitial 
(Type I/II) and amnion-derived basement membrane 
(Type IV) human collagen. Adherence studies using ra- 
diolabeled ECs demonstrated a high percentage of firm 
adherence to plasma-coated Dacron by 10 minutes, to 
amnion/collagen coated Dacron by 30 minutes, and to 
plain Dacron by 2 hours. Morphological studies using 
SEM demonstrated complete graft coverage with many 

li-to-cell interactions by 30 minutes in the amnion/col- 
lagen-coated graft. This did not occur on untreated or 
plasma-coated Dacron. 
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DISCUSSION 


Dr. ROBERT ZEPPA (Miami, Florida): I would like to ask one question 
of Dr. Jarrell who is going to close. 

Have they tried the experiment with plasma-rich material onto the 
collagen substrate, which would be yet another intermediate, and 1 wonder 
what the timing would be on that? 


Dr. ROBERT W. BARNES (Little Rock, Arkansas): I appreciated this 
presentation and the invitation to review the excellent manuscript by 
Dr. Jarrell and his colleagues. They have made substantive contributions 
to the feasibility of endothelial cell coating of vascular prostheses, which 
may become a practical clinical reality in the near future. Although one 
of my former mentors expressed ambivalance about the clinical utility 
of endothelial cell coating, stating that “grafts don’t fail in the middle, 
they fail at the ends,” I believe that the explosive advances in this field 
not only may make a small vascular prosthesis available soon, but also 
will advance our understanding of endothelial cell function in our native 
circulation, 

Dr. Jarrell and his colleagues have appropriately initiated their exciting 
study in an in vitro model system. Although he alludes in his manuscript 
to many further logical steps at expanding this research, I hope that Dr. 
Jarrell might comment on some of the obvious questions raised dy their 
paper: (1) What practical source of autologous endothelial cells do you 
envision for future clinical application? (2) Do you feel that freshly har- 
vested cells can be used for graft coating without antecedent culture? (3) 
Does amnion have any antigenic or other potentially adverse properties 
for human use? (4) Do you think your pipette washing model adequately 
reflects the shear stresses expected in pulsatile blood flow circumstances? 
(5) Do you have evidence of normal function of the endothelial cell 
monolayer? 

Again, I laud the authors for their valuable contribution, and I look 
forward to further creative developments from their laboratory. 


Dr. B. E. JARRELL (Closing discussion): We and others have spent 
considerable time trying to examine whether establishing an endethelial 
monolayer on a prosthetic surface in humans was possible and whether 
it would ever be useful. Most investigators have taken the approach that 
one can collect a few endothelial cells from a donor vessel and then seed 
them on a graft at low density and wait. What you are waiting for is the 
endothelial cells to grow out and ultimately cover the surface. 

Although there may be advantages to this approach, we have had 
concerns about this as a practical methodology in humans. Among these 
concerns, certainly there is the well established fact that even in properly 
designed animal trials, 6 to 8 weeks are required from the time of seeding 
tc the time that a stable endothelial monolayer has been generated. 

There are some problems with that. If you compare that time period 
to most clinical series, you will note that the majority of graft failures in 
small vessel prostheses occur within the first several weeks. Thus, ob- 
viously with seeding experiments, the monolayer is not present at the 
critical, most thrombogenic period of the graft. 

We wanted to determine in this study, and as a major thrust in our 
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lab, whether an alternative approach was possible. You have seen the 
beginning part of that approach today. 

Basically, could we set up a confluent monolayer within an hour or 
two that was compatible with most operating room scenarios? For that 
to be possible, we had to look at three different areas. 

The requirements to do this would be, first, to have a large number 
of endothelial cells available at the time of implantation; two, to have a 
graft surface that was receptive to these cells; and three, knowledge of 
the temporal factors and other chemical parameters that allow this 
monolayer to form and completely cover the surface. 

We will address Dr. Barnes’ question of the source of endothelial cells 
in a later paper. However, I would add that we feel that it is possible 
without culture and without using a large vessel as a source of endothelial 
cells to get enough cells to put on a graft. The way that we are accom- 
plishing this is to isclate capillary endothelial cells from fat. We can 
actually do that process on a routine basis. We do it several times a week 
in the laboratory from several grams of fat; thus, we feel that we have 
the source of cells. We will tell you more about this technique in the 
future. 

We feel now that this study demonstrates what the temporal dynamics 
of monolayer formation are. 1 would point out that the work presented 
today represents these specific surfaces. But there are many other surfaces 
that are available that have not been studied. We have begun to look at 
some already, and we do feel that these temporal dynamics can be re- 
produced. 

I would point out to you that there is a major thread in this study 
different from the seeding experiments. We feel adherence is the critical 
variable to look at, not growth. We spent many months looking at growth 
but feel that this new approach has more merit. 

This is a beginning study. It demonstrates that the cells have a re- 
markable capacity to sit down on a surface and to connect with one 
another and totally cover that surface and that this can potentially be 
done in the operating room at the time of implantation. 

We have not completely examined the functional characteristics dem- 
onstrated by these cells when placed graft material. We are looking at 
that currently, but I would hasten to add that when you compare the 
platelet rich plasma celis with the amnion covered cells, I would certainly 
be willing to guess that the cells on amnion are going to function better 
than the cells on platelet-rich plasma. We think that morphology is a 
very important first step in predicting what the functional characteristics 
of these cells will be. 

In answer to Dr. Barnes’ specific questions, the amnion that we use 
is human amnion. It does not appear to be allergenic, although this 
would be examined if it were going to be a potential graft application. 

We are in the process of looking at flow experiments with this surface. 
Using freshly isolated cells, it appears that they have a remarkable capacity 
to remain adherent in fairly high physiological flow conditions. We have 
not looked at pulsatility yet. 

Lastly, to Dr. Zeppa’s question, we have not done a time sequence of 
plasma on collagen. We do routinely use platelet-rich plasma, but my 
suspicions are that it will not be as good as amnion. In our extensive 
growth studies with plasma it works, but it is not nearly as good as 
amnion. 

I thank you very much for the privilege of discussing this paper. 
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sis or clinical course in patients with acute abdominal condi 
tions. Special Risk Patients: TYLOX capsules should be given 
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*Warning: May be habit forming 





with caution to certain patients such as the elderly or de- 
bilitated, and those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and prostatic 
hypertrophy or urethral stricture 


Information for Patients: Oxycodone may impair the men- 


tal and/or physical abilities required for the performance of 
potentially hazardous tasks such as driving a car or operating 
machinery. The patient using TYLOX capsules should be 
cautioned accordingly. 

Drug Interactions: Patients receiving other narcotic 
analgesics, antipsychotics, anti-anxiety agents, or other CNS 
depressants, including alcohol, concomitantly with TYLOX 
capsules, may exhibit additive CNS depression due to the 
oxycodone component. When such combined therapy is con: 
templated, the dose of one or both agents should be reduced. 
The use of MAO inhibitors or tricyclic antidepressants with 
oxycodone preparations may increase the effect of either 
the antidepressant or oxycodone. The concurrent use of anti 
cholinergics with oxycodone may produce paralytic ileus. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 
No long-term studies in animals have been performed with 
oxycodone to determine carcinogenic and mutagenic poten 
tial, or effects on fertility. Acetaminophen has been found to 
have no mutagenic potential using the Ames Salmonella- 
Microsomal Activation test, the Basc test on Drosophila germ 
cells, and the Micronucleus test on mouse bone marrow. In 
animals, acetaminophen has not been evaluated for carcino- 
genic potential or for effects on fertility. 





Pregnancy Category C. Animal reproductive studies have not 
been conducted with TYLOX. It is also not known whether 
TYLOX can cause fetal harm when administered to a pregnant 
woman or can affect reproductive capacity. TYLOX should be 
given to a pregnant woman only if clearly needed 

Nursing Mothers: It is not known whether the components 
of this drug are excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when 
TYLOX is administered to a nursing woman 

Pediatric Use: TYLOX capsules should not be administered 
to children 
ADVERSE REACTIONS: The most frequently observed ad 
verse reactions include lightheadedness, dizziness, sedation, 
nausea, and vomiting. These effects seem to be more promi- 
nent in ambulatory patients than in non-ambulatory patients, 
and some of these adverse reactions may be alleviated if the 
patient lies down. Other adverse reactions include euphoria, 
dysphoria, constipation, skin rash, and pruritus. At higher 
doses oxycodone has most of the disadvantages of morphine 
including respiratory depression 

For information on symptoms and treatment of overdosage, 
see full prescribing information 

Full directions for use should be read before administering or 
prescribing 3/20/85 
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Extends single-drug reach 
in empiric therapy of 
Postoperative infections 


Clinically proven highly effective against the important gram-positive 
and gram-negative pathogens, including Enterobacteriaceae, 
Staphylococcus and Pseudomonas, major sources of 


E bacterial septicemia E nosocomial pneumonia 
E postsurgical wound infection E complicated UTI 
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ceftazidime for injection 


Today’s rational choice 
for empiric therapy 


E Clinical success in 93% of patients (68% cured; 
25% improved)* treated for a wide range of infections. 


E As effective as the aminoglycosides alone or in 
combination, without exposing the patient to possible 
aminoglycoside toxicity. 


E Exceptionally well tolerated...safety profile similar to 
first-generation cephalosporins.' 


E The outcome of 6 years of intensive research by Glaxo. 


*Cured: Clinical findings subsided in a reasonable period of time with no clinical evidence of infection 
at the time the drug was discontinued or during follow-up. Improved: Clinical findings subsided 
significantly in a reasonable period of time but with incomplete resolution of evidence of infection, 
or relapse during follow-up, possibly related to underlying disease state 

‘For a listing of all adverse reactions, please see brief summary. 

Please see brief summary of Prescribing Information on following page. 





FORTAZ caxo 


ceftazidime for injection For intravenous or intramuscular use 


Brief summary. Before prescribing, consult complete prescribing information. 


INDICATIONS AND USAGE 

FORTAZ® is indicated for the treatment of patients with infections caused by susceptible strains of the 

designated organisms in the diseases listed below: 

1. Lower Respiratory Tract Infections, including pneumonia, caused by Pseudomonas aeruginosa and other 
Pseudomonas species; Haemophilus influenzae, including ampacillin-resistant strains Klebsiella species 
Enterobacter species; Proteus mirabilis; Escherichia coli; Serra‘ia species; Citrobacter species 
Streptococcus pneumoniae; and Staphylococcus aureus (methicillin-susceptible strains) 

2. Skin and Skin Structure Infections, caused by P aeruginosa; Klebsiella species: E. coli, Proteus species. 
including P mirabilis and indole-positive Proteus; Enterobacter species; Serratia species; S. aureus 
(methicillin-susceptible strains); and S. pyogenes (group A beta-hemolytic streptococci) 

3. Urinary Tract Infections, both complicated and uncomplicated caused by P aeruginosa, Enterobacter 
species; Proteus species, including Pmirabilis and indole-pos tive Proteus; Klebsiella species; and E. coli. 

4. Bacterial Septicemia, caused by P aeruginosa; Klebsiella species; H. influenzae; E. coli; Serratia species, S. 
pneumoniae; and S. aureus (methicillin-susceptible strains). 

5. Bone and Joint Infections, caused by P aeruginosa; Klebsiella species; Enterobacter species; and S. aureus 
(methicillin-susceptible strains). 

6. Gynecological Infections, including endometritis, pelvic cellulitis and other infections of the female genital 
tract, caused by E. coli. 

7. Intra-Abdominal Infections, including peritonitis caused by E. coli; Klebsiella species: S. aureus 
(methicillin-susceptible strains); and polymicrobial infections caused by aerobic and anaerobic organisms, 
and Bacteroides species (many strains of B. fragilis are resistant) 

8. Central Nervous System Infections, including meningitis caused by H. influenzae and Neisseria 
meningitidis. FORTAZ has also been used successfully in a limited number of cases of meningitis due to P 
aeruginosa and S. pneumoniae. 

Specimens for bacterial cultures should be obtained prior to therapy in order to isolate and identity 
causative organisms and to determine their susceptibility to ceftazidime. Therapy may be instituted before 
results of susceptibility studies are known; however, once these results become available, the antibiotic 
treatment should be adjusted accordingly. 

FORTAZ may be used alone in cases of confirmed or suspected sepsis. FORTAZ has been used successfully 
in clinical trials as empiric therapy in cases where various concomitant therapies with other antibiotics have 
been used 

FORTAZ may also be used concomitantly with other antibiotics, such as aminoglycosides, vancomycin, and 
clindamycin, in severe and life-threatening infections and in the immunocompromised patient. When such 
concomitant treatment is appropriate, prescribing information in the labeling for the other antibiotics should 
be followed. The dose depends on the severity of the infection and the patient's condition 
CONTRAINDICATIONS 
FORTAZ® is contraindicated in patients who have shown hypersensitivity to ceftazidime or the cephalosporin 
group of antibiotics. 

WARNINGS 

BEFORE THERAPY WITH FORTAZ® IS INSTITUTED, CAREFUL INCUIRY SHOULD BE MADE TO DETERMINE 

WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFTAZIDIME 

CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. ANTIBIOT CS SHOULD BE ADMINISTERED WITH 

CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS 

THIS PRODUCT SHOULD BE GIVEN WITH CAUTION TO PATIENTS WITH TYPE 1 HYPERSENSITIVITY 

REACTIONS TO PENICILLIN. IF AN ALLERGIC REACTION TO FOFTAZ OCCURS, DISCONTINUE TREATMENT 

WITH THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 

EMERGENCY MEASURES 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum 

antibiotics); therefore, it is important to consider its diagnosis in patients who develop diarrhea in 

association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flore of the colon and may permit overgrowth of 
clostridia. Studies indicate a toxin produced by C. difficile is one prinary cause of antibiotic-associated colitis. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis ıs not relieved by 
drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for antibiotic-associated 
pseudomembranous colitis produced by C. difficile. Other causes of colitis should also be considered 


PRECAUTIONS 

FORTAZ® has not been shown to be nephrotoxic; however, because high and prolonged serum antibiotic 
concentrations can occur from usual doses in patients with transient or persistent reduction of urinary output 
because of renal insufficiency, the total daily dosage should be reduced when ceftazidime is administered to 
such patients (see DOSAGE AND ADMINISTRATI N). Continued dosage should be determined by degree of 
renal impairment, severity of infection and susceptibility of the causative organisms. 

As with other antibiotics, prolonged use of FORTAZ may result in overgrowth of nonsusceptible organisms. 
Repeated evaluation of the patient's condition is essential. If superinfection occurs during therapy, appropriate 
measures should be taken 

FORTAZ® should be prescribed with caution in individuals wit) a history of gastrointestinal disease 

articularly colitis. 

g Interactions: Nephrotoxicity has been reported following concomitant administration of cephalosporins 
with aminoglycoside antibiotics or potent diuretics, such as furosemide. Renal function should be carefully 
monitored, especially if higher dosages of the aminoglycosides are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxic ty of aminoglycosidic antibiotics 
Nephrotoxicity and ototoxicity were not noted when FORTAZ® (ceftazidime for injection, Glaxo) was given 
alone in clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-te’m studies in animals have not been performed 
to evaluate carcinogenic potential. However, a mouse Micronucteus test and an Ames test were both negative 
for mutagenic effects. 
Usage in Pregnancy: Pregnancy Category B: Reproduction stucies have been performed in mice and rats at 
doses up to 40 times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to FORTAZ. There are, however, no adequate and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of humar response, this drug should be used during 
pregnancy only if clearly needed 

ursing Mothers: Ceftazidime is excreted in human milk in low concentrations. Caution should be exercised 
when FORTAZ is administered to a nursing woman 
ADVERSE REACTIONS 
FORTAZ® is generally well tolerated. The incidence of adverse reactions associated with the administration of 
FORTAZ was low in Clinical trials. The most common were local reactions following intravenous injection, and 
allergic and gastrointestinal reactions. Other adverse reactions were encountered infrequently. No 
disulfiram-like reactions were reported. The following adverse effects from clinical trials were considered to 
be either related to ceftazidime therapy or were of uncertain etiology: 
Local Effects, reported in less than 2% of patients, were phlebit s and inflammation at the site of injection 
4 in 69 patients). 

ypersensitivity Reactions, reported in 2% of patients, were pruritus, rash, and fever. Immediate 
hypersensitivity reactions occurred in 1 in 285 patients. 
Gastrointestinal Symptoms, reported in less than 2% of patients, were diarrhea (1 in 78), nausea (1 in 156), 
vomiting (1 in 500), and abdominal pain (1 in 416) 
Less Frequent Adverse Events (less than 1%) were candidiasis and vaginitis; central nervous system events 
which included headache, dizziness, and paresthesia. 
Laboratory Test Changes noted during FORTAZ clinical trials were transient and included: eosinophilia (1 in 
13), positive Coombs' test without hemolysis (1 in 23), thrombocytosis (1 in 45), and slight elevations in one 
or more of the hepatic enzymes, SGOT (1 in 16), SGPT (1 in 15), LDH (1 in 18), GGT (1 in 19), and alkaline 
phosphatase (1 in 23). As with some other cephalosporins, transient elevations of blood urea, blood urea 
Nitrogen and/or serum creatinine were observed occasionally. T-ansient leukopenia, neutropenia 
thrombocytopenia and lymphocytosis were seen very rarely. 
DOSAGE AND ADMINISTRATION 
Impaired Renal Function: Ceftazidime is excreted by the kidneys, almost exclusively by glomerular filtration 
Therefore, in patients with impaired renal function (GFR < 50 mi/min), it is recommended that the dosage of 
ceftazidime be reduced to compensate for its slower excretion. See complete Prescribing Information for 
dosage in patients with renal impairment. 
HOW SUPPLIED 
FORTAZ® in the dry state should be stored at controlled room temperature, 15° to 30°C (59° to 86°F), and 
protected from light. FORTAZ is a dry, white to off-white powder supplied in vials and infusion packs as follows: 
NDC 0173-0377-31 *500 mg Vials (Tray of 25) 
NDC 0173-0378-35 *1 g Vials (Tray of 25) 
NDC 0173-0379-34 *2 g Vials (Tray of 10) 
NDC 0173-0380-32 *1 g Infusion Pack (Tray of 10) 
NDC 0173-0381-32 *2 g Infusion Pack (Tray of 10) 
NDC 0173-0382-37 *6 g Pharmacy Bulk Package (Tray of 6) *equivalent to anhydrous ceftazidime 
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“I'D LIKE TO MAKE 

AN APPOINTMENT 
WITH THE 

DOCTOR” 





Be prepared, Doctor. More patients 
will be asking about colorectal cancer. 
According to a survey* conducted by the 
American Cancer Society, many people 
would like to receive more information 
about colorectal cancer, and 83% said 
they would want to be checked for it. 
Further, they are learning that this cancer 
can be detected before symptoms appear. 
The present cure rate is 44%. The cure 
rate could be as high as 75%, with early 
detection and appropriate management. 

For asymptomatic persons the Society 
recommends annual digital rectal exam- 
ination at age 40 and over; at age 50 and 
over, an annual stool blood test, as well as 
sigmoidoscopy every three to five years, 
following two initial annual negative 
sigmoidoscopies. 

We're here to help. You can reach us at 
your local American Cancer Society office 
or write to our Professional Education 
Department at National Headquarters, 

90 Park Avenue, New York, NY. 10016. 
Ask about the Society's Colorectal Check 
program of professional and public 
education for the early detection of 
colorectal cancer. 


AMERICAN 
s? CANCER 
4 SOCIETY ° 


*“Cancer of the Colon and Rectum: Summary of Public 
Attitude Survey,” Ca 33:359-365, 1983 (Nov.-Dec. ). 
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ANNALS OF SURGERY have been read, 
shared with your office staff, used up and 
worn out, you can have instant access to 
the unique and valuable information in 
back issues of this distinguished journal by 
ordéring bound volumes. 


Your bound volumes give you a permanent and 
comprehensive reference for changes and 
advances in your specialty—a source that will 
grow and increase in usefulness over the years. 
Each volume features: 


a all text pages of every issue, including the 
complete author and title indexes 





to go to the trouble and expense of having them 
bound locally. We over-run copies of each issue 
in order to have sufficient quantities on hand. 
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Indications for Different Modes of Surgical Therapy 


in Medically Refractory Ventricular Arrhythmias 





JOHN W. HAMMON, JR., M.D. KIRBY R. PRIMM, M.D. 
DEBRA S. ECHT, M.D. 


WALTER H. MERRILL, M.D. 


Fifty-one adult patients were referred for surgical treatment dur- 
ing the time period from July 1980 to November 1985. The 


average age was 59 + 6 years (19-70 years). All patients had . 


symptomatic ventricular tachycardia that was refractory to stan- 
. dard or experimental drug therapy. On the basis of patient con- 


_* dition, site of arrhythmia, ventricular function, and extent of 


coronary disease, 21 patients were classed as good risk (GR) 
while 30 patients were thought to represent a poor surgical risk 
(PR). Thirty-two patients (15 GR, 17 PR) underwent electro- 
physiologic guided endocardial resection of arrhythmic foci. The 
hospital mortality was 12% (4/32), and two additional patients 
died late. AIl deaths were in poor risk patients. Recurrent ar- 
rhythmia was the primary cause of death in only one patient. 
Nineteen patients have required automatic internal cardioverter 
defibrillation (AICD) or chronic burst pacing (BP) with an im- 
plantable radiofrequency stimulator, with no operative mortality. 
AICD implantation was chosen for 13 drug refractory patients 
who were either poor surgical risk and/or had a tachycardia rate 
above 130 beats/minute with multiple scars or a multifocal 
tachycardia. Six additional patients who had tachycardia less 
than 130 beats/minute and whose arrhythmia could be safely 
terminated with BP had radiofrequency stimulator implantation. 
The one late death in this group was in a medically noncompliant 
patient. On the basis of this experience, we feel that map-guided 
endocardial resection should be offered to all good risk patients 
with a single scar and unifocal tachycardia who are refractory 
to medical treatment. This operation should be considered in all 
patients who have frequent, life-threatening attacks of tachy- 
cardia of any sort on maximum drug therapy. The remainder 
can be well managed with an AICD if their tachycardia rate is 
>130 beats/minute or with BP using a radiofrequency stimulator. 


ECURRENT VENTRICULAR ARRHYTHMIAS, Te- 
fractory to pharmacologic therapy, remain a 
major cause of cardiovascular morbidity and 
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mortality.! Newer surgical techniques directed at ablation 
of the arrhythmic focus or implanted electrophysiologic 
devices that temporarily cardiovert arrhythmias have as- 
sumed a greater role in the treatment of these seriously 
ill patients.” Now that a substantial number of patients 
with various forms of surgical therapy for medically re- 
fractory ventricular arrhythmias have accumulated at our 
institution, it is possible to make a statement regarding 
the indications for different modes of surgical therapy in 
these patients. It is the purpose of this review to report 
our operative results in patients with medically.refractory 
ventricular arrhythmias and present our current indica- 
tions for surgical therapy in this group of patients. 


Patients and Methods 


The study group included the first 51 consecutive pa- - 
tients with recurrent sustained ventricular tachycardia or 
fibrillation who underwent surgical treatment for control 
of their arrhythmia during the time period from July 1980 
to November 1985 in our institution. There were 47 men 
and four women ranging in age from 19 to 70 years (mean: 
59 + 6). All patients had symptomatic ventricular tachy- 
cardia that was refractory to standard or experimental 
drug therapy. All patients underwent preoperative he- 
modynamic study and 48 patients underwent one or more 
electrophysiologic examinations. During electrophysio- 
logic study, ventricular tachycardia was induced and en- 
docardial catheter mapping of as many morphologically 
distinct ventricular tachycardias as possible was performed 
using techniques previously described.® All patients in this 
series had been on antiarrhythmic drug regimens and had 
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Fic. |. An operative photograph demonstrating the method of endo- 
cardial resection in a patient with an anteroapical aneurysm. 


failed testing during electrophysiologic study or had failed 
clinically. Thirteen patients were studied within 3 months 
of a documented myocardial infarction. Twenty-three 
patients were treated for arrhythmias complicating chronic 
myocardial infarction, and, in five patients, the etiology 
of the arrhythmia was unknown but presumed to be isch- 
emic, or postsurgical in origin. 
Thirty-two patients underwent electrophysiologic 
guided endocardial resection for arrhythmic foci. These 
patients were chosen for this therapy because they had a 
large, easily resectable, ventricular aneurysm and were 
drug failures or had incessant tachycardia resistant to all 
available standard or antiarrhythmic drugs. The surgical 
technique employed consisted of epicardial and endocar- 
chal electrophysiologic mapping of ventricular tachycardia 
during normothermic cardiopulmonary bypass. Once a 
site of origin could be identified, the aorta was cross- 
clamped, cold cardioplegia was instituted, and the naso- 
pharyngeal temperature was lowered to 28 C. An endo- 
cardial resection was carried out, which included the site 
of origin and a 2~3 cm margin on all sides that could be 
safely removed (Fig. 1). Additional surgical procedures in 
some patients included coronary artery bypass grafting 
(19 patients), mitral valve replacement (2 patients), en- 
docardial encircling ventriculotomy (5 patients), and im- 
piantation of the epicardial patch for an automatic internal 
defibrillator (5 patients), Patients underwent repeat elec- 
trophysiologic provocative testing approximately 10 days 
after operation. Ifa sustained ventricular tachycardia was 
observed in this study, serial electrophysiologic studies of 
antiarrhythmic drug effects were performed to assess the 
ability of drugs to suppress the inducibility of ventricular 
tachycardia. 
Thirteen patients underwent implantation of an au- 
tomatic internal cardioverter defibrillator (AICD). This 
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modality was chosen for ten drug refractory patients who 
were either a poor surgical risk because of medical factors 
or very poor ventricular function and/or had a ventricular 
tachycardia rate above 130 beats/min with multifocal 
ventricular tachycardia or multiple postischemic scars. 
The heart rate of 130 was chosen because there were no 
AICD devices available during the study period that would 
sense a ventricular tachycardia rate less than 130 beats/ 
min. The surgical technique included a short left antero- 
lateral thoracotomy for placement of the epicardial patch, 
usually on the outside of the pericardium. A short peri- 
cardial incision was made for the implantation of two 
epicardial sensing electrodes. A short incision beneath the 
left clavicle allowed an introducer device to be inserted 
into the left subclavian vein, and, using image intensifi- 
cation fluoroscopy, the endocardial AICD electrode was 
inserted to the junction of the superior vena cava and 
right atrium. The endocardial electrode was tunneled into 
the left chest, and all the electrodes were then passed 
through the opened intercostal space and tunneled into 
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Fic. 2. The configuration of electrodes and the incisions used for im- 
plantation of the automatic internal cardioverter defibrillator. 
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the subcutaneous tissue to the left upper quadrant of the 
abdomen, where a pocket was fashioned in the subcuta- 
neous tissue for the AICD (Fig. 2). The implantable de- 
fibrillator was tested in the operating room and the elec- 
trode configuration was manipulated until ventricular fi- 
brillation could be successfully cardioverted and a 
defibrillation threshold well below the maximum output 
of the device was obtained. Seven days after operation, 
the patients were taken to the cardiac catheterization lab, 
where the device was tested and was found to successfully 
convert ventricular fibrillation to sinus rhythm in all cases. 

In six patients, ventricular tachycardia could be slowed 
but not abolished with drugs. In these patients, ventricular 


tachycardia could be converted to sinus rhythm by burst 


Pa 
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pacing. These patients underwent implantation of a ra- 
diofrequency stimulator that was triggered by an external 
radiofrequency device set to deliver a 3-second burst at 
the rate of their ventricular tachycardia plus 50 hertz.’ 
Burst pacing was delivered through a standard bipolar 
transvenous pacing electrode positioned at the apex of the 
right ventricle using image intensification fluoroscopy. 
The devices were tested in the hospital prior to discharge 
and were successful in converting ventricular tachycardia 
in all cases. 

On the basis of patient age and preoperative condition, 
site of arrhythmia, ventricular function, and extent of 
coronary artery disease, 21 patients were classified as good 
risk, while 30 patients were thought to represent a poor 
surgical risk. The description of surgical risks is presented 
in Table 1. The type of antiarrhythmic therapy was chosen 
with the surgical risk in mind. Subendocardial resection 
was chosen for those poor risk patients only if they had 
multiple recurrent or incessant tachycardia that was max- 
imally drug resistant. 

Patients have been closely followed at this institution, 
and mean follow-up now represents 26 + 1.7 months. No 
statistical comparison between patient groups was carried 
out at this time because of the limited number in each 
group. 


Results 


The overall survival in this series is shown in Table 2. 
The hospital mortality was 4/51 patients (8%). All the 
hospital deaths occurred in the group of patients having 
endocardial resection and were those classified as poor 
risk patients. There were no hospital deaths in the good 
risk endocardial resection group, nor in the group receiv- 
ing AID or radiofrequency stimulator. 

The only hospital death that occurred as a result of 
arrhythmia was in a 49-year-old man who presented to 
the hospital with incessant ventricular tachycardia within 
1 month ofa large anterior myocardial infarction. He was 
refractory to all antiarrhythmic combinations and was 
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TABLE 1. Patient Characteristics 





Good Risk Poor Risk 
(N = 21) (N = 30) 
i ee 
Age (years) 51 +3 60 +5 
Discrete scar 15 2 
Multiple scars 2 32 
Ejection fraction (%) 28 +9 17 +5 
LVEDP* 15 412 23 +33 
No. of drugs failed 3.34 1.5 4741.7 
Associated CADt 5 21 





* LVED? = Left ventricular end diastolic pressure. 
+ CAD = Coronary artery disease. 


taken to the operating room as an emergency. Two ven- 
tricular tachycardia morphologies could be identified and 
a large ventricular aneurysm was present, associated with 
multivessel coronary disease. An endocardial resection of 
the septum, which was the sight of one morphology, was 
performed as well as a partial encircling endocardial ven- 
triculotomy at the base of the anteromedial papillary 
muscle of the mitral valve. Necrotic tissue extended onto 
the papillary muscle, but this was not resected. After op- 
eration, the patient had multiple episodes of ventricular 
tachycardia that were finally controlled with intravenous 
(I.V.) amiodarone. He died 3 weeks after operation from 
the complications of low cardiac output and sepsis. 
Two patients who died after operation had had large 
anteroapical ventricular aneurysms excised and endo- 
cardial resections performed, as well as multivessel aor- 
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tocoronary bypass grafting. Both deaths in these cases were . 


due to low cardiac output despite intra-aortic balloon ` 


pump support and control of arrhythmia. The fourth pa- 
tient who died was a 70-year-old man with a large antero- 
apical aneurysm who underwent resection and died on 
the tenth postoperative day of an embolic stroke despite 
control of his arrhythmia. 

Four patients in this group required continued anti- 
arrhythmic drug therapy in the early postoperative period 
for recurrent ventricular tachycardia, which was successful 
in all cases. An additional eight patients had inducible 
ventricular tachycardia on postoperative electrophysio- 
logic testing and required the reinstitution of antiar- 
rhythmic drug therapy. Thus, 16 of 28 postoperative sur- 


TABLE 2. Surgical Results 





Operative Mortality 
Good Risk Poor Risk 
Endocardial resection 0/15 4/17 
AID* 0/4 0/9 
Radiofrequency stimulator 0/2 0/4 
Total 0/21 4/30 





* AICD = Automatic internal cardioverter defibrillation. 
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vivors required no antiarrhythmic medication, and 12 
patients were successfully controlled on medication alone 
after operation. In the group that required postoperative 
drug therapy, six out of 12 patients had multifocal ven- 
tricular tachycardia and four had inferior nonseptal sites 
of tachycardia; both of these factors have been implicated 
in poor results from endocardial resection.” 

There were two late deaths in the endocardial resection 
group. One was a 63-year-old man who required resection 
of a chronic anteroapical aneurysm for recurrent sudden 
death. He suffered low cardiac output in the postoperative 
period and developed a gram negative pulmonary infec- 
tion. A tracheostomy was performed. He was discharged 
after a hospital stay of 1 month, but had a respiratory 
arrest at home and could not be resuscitated, presumably 
because of airway obstruction. The second death was in 
a 70-year-old patient with recurrent arrhythmia and an 
apical aneurysm. Aneurysm resection was performed, 
along with subendocardial resection. After operation, the 
patient required reinstitution of antiarrhythmic drug 
therapy because of inducible ventricular tachycardia. He 
was discharged from the hospital but died 3 months after 
operation with renal failure and presumed drug toxicity. 

Five patients have had to be readmitted to the hospital 
for adjustment of their antiarrhythmic drug doses. All 
these patients were in the group requiring postoperative 
drug therapy. A single patient has required the implan- 
tation of a transvenous pacemaker for underdrive pacing 
for control of ventricular arrhythmias. 

In patients requiring AICD insertion, the most common 
cause of morbidity has been the postpericardotomy syn- 
drome. This usually occurs approximately 1 week after 
operation with combined pericardial and pleural effusions. 
Treatment with indomethacin or steroids has been suc- 
cessful in all cases. With a pericardial effusion, the defi- 
brillation threshold for the automatic internal defibrillator 
rises and will prevent successful cardioversion in some 
cases. Of the 13 patients receiving an AICD, five patients 
have been automatically cardioverted after operation, and 
there have been no late deaths in this group. 

The small group of patients receiving radiofrequency 
stimulators have all been successfully treated for ventric- 
ular tachycardia by activating their stimulators. Stimu- 
iators were activated in hospital emergency rooms or doc- 
tors’ offices and the patients were not allowed to cardiovert 
themselves. The timing of the stimulator was very im- 
portant, as one patient was converted into ventricular fi- 
brillation from a poorly timed stimulator. A single late 
death occurred in this group in a noncompliant patient 
who refused to take his antiarrhythmic medicine. 


Discussion 


Newer surgical options have provided modalities of 
therapy that were not previously available for patients 


HAMMON AND OTHERS 


Ann. Surg. + June 1986 


with drug resistant ventricular tachycardia. It remains for 
physicians and surgeons associated with these patients to 
outline specific criteria related to each patient so that op- 
timum surgical therapy can be given. At the present time, 
endocardial resection has been performed in patients with . 
large ventricular aneurysms, with coexistent active isch- 
emia in which coronary bypass operations are necessary, 
or with a large scar that can be approached surgically. In 
addition, those patients with incessant tachycardia who 
are resistant to all known pharmacologic therapy have 
been offered operation if a genuine likelihood of success 
was thought to be possible. 

Based on this mode of treatment, only one patient died 
as a direct result of recurrent arrhythmias. In this patient, 
cryothermal ablation of his arrhythmia focus at the base 
of a papillary muscle or papillary muscle resection with 
mitral valve replacement might have protected against 
recurrent arrhythmias. 

Using the criteria established by Harken and Joseph- 
son,” we have not offered endocardial resection to those 
patients with multifocal tachycardia or separate scars with 
a focus of tachycardia in each scar unless all other known 
methods of therapy have been unsuccessful in treating 
these patients. We feel that it is reasonable to perform 
endocardial resection on these patients if they have fre- 
quent life-threatening attacks of ventricular tachycardia, 
such that an automatic internal defibrillator would be im- 
practical because of the large number of shocks that would 
be delivered in a short period of time. The same investi- 
gators found that an inferior free wall site of tachycardia 
was less likely to have a good surgical result. The number 
of patients in our series with this type of tachycardia is 
small, and we cannot make a conclusion based on our 
data. However, the one patient in our series who has had 
multiple readmissions for ventricular tachycardia after 
endocardial resection and has been treated with various 
drugs plus underdrive pacing had an inferior site of tachy- 
cardia. 

The techniques for implantation of AICD devices have 
been well worked out and present a low risk alternative 
to endocardial resection, especially in poorer risk patients 
or patients with multifocal tachycardias.*? At the present 
time, the only limitations in these devices is that they are 
quite uncomfortable during cardioversion, and patients 
often cannot drive an automobile or perform other po- 
tentially hazardous activities with an AICD in place. 
Present AICD devices can sense ventricular tachycardia 
at rates only above 130 beats/min. Newer devices that 
will soon be entering the market will obviate this limita- 
tion. 

The only complication in our AICD group was post- 
pericardotomy syndrome in four patients. Because a peri- 
cardial effusion will cause limitation of electrical contact 
with the epicardial defibrillating electrode, this syndrome 
should be treated vigorously to avoid the complications 


Vol, 203 « No. 6 


of rising defibrillation threshold. At the present time, au- 
tomatic internal defibrillators will be triggered by both 
ventricular and atrial arrhythmias. One patient in our se- 
ries was cardioverted for what appeared to be atrial fi- 
brillation; this is a known complication in this mode of 
therapy. This therapeutic option is quite valuable, how- 
ever, in patients with recurrent sudden death in whom 
drugs have not prevented attacks of tachycardia or ven- 
tricular fibrillation.® 

Presently, patients in whom ventricular tachycardia can 
be slowed with drugs but not abolished can be treated 
with a radiofrequency stimulator. We have not allowed 
patients to cardiovert themselves because of the risk of 
ventricular fibrillation and have required them to go to 
an emergency room for treatment. This has been suc- 
cessful in all six patients in our series. Newer pacemaker- 
cardioverters will provide a totally implantable solution 
to this problem and will make this device obsolete. 


Summary 


On the basis of this experience. we feel that map-guided 
endocardial resection should be offered to all good risk 
patients with a single scar that can be approached surgi- 
cally and unifocal tachycardia who are refractory to basic 
antiarrhythmic therapy. Operations in this group can be 
performed at low risk and are probably a better alternative 
to long-term experimental drug treatment with its toxic 
side effects. In addition, this operation should be consid- 
ered in all patients who have frequent, life-threatening 
attacks of tachycardia of any sort on maximum drug ther- 
apy. The remainder can be well managed with an AICD 
if their recurrent tachycardia is infrequent and the rate 
exceeds 130 beats/min. Burst pacing with a radiofrequency 
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Dr. IRVING KRON (Charlottesville, Virginia): I appreciate the oppor- 
tunity to review this excellent paper. I appreciate Dr. Hammon having 
allowed me to review his manuscript in advance. He even included the 
data when he gave me the manuscript. Very few centers have made any 
attempt to review all the surgical options for the treatment of surgical 
antiarrhythmic therapy. I agree entirely with Dr, Hammon that the patient 
with a large, discrete apical aneurysm with a easily mappable ventricular 
tachycardia should be offered operation prior to multiple trials of an- 
tiarrhythmic therapy. There is usually a very low mortality in this group, 
as noted by Dr. Hammon’s data. 

I have several questions. When would one consider placing the epi- 
cardial defibrillator patch at the time of endocardial resection? 

The reason I mention this is that one is always wondering what to do 
with the patient who has a postoperative positive electrophysiologic study 
and that we prefer not to use long-term antiarrhythmic therapy in those 
patients because of the significant morbidity that can be noted with this 
drug therapy. 

Secondly, I wonder about the use of epicardial mapping in the surgical 
decision making. We have found that epicardial mapping has offered us 
very little insight into the real endocardial site of origin of the arrhythmia 
and have abandoned this technique. 

Finally, encircling ventriculotomy was performed in five patients. En- 
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stimulator is an option to those patients with slower, drug 
controlled but not prevented, tachycardias. Newer AICD 
and implantable cardioverter devices will change the sur- 
gical options in this group of patients in the near future. 
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circling ventriculotomy was offered initially as a technique of isolating 
the site of origin of the arrhythmia. 

Dr. Cox has demonstrated, however, that it probably works by making 
the encircled tissue ischemic, and I was wondering if Dr. Hammon still 
does this and have they been successful with this technique? 

I appreciate very much the opportunity to discuss this excellent paper. 
Thank you. 


Dr. JOHN W. HAMMON, JR. (Closing discussion): I want to thank Dr. 
Kron for reviewing the manuscript and for discussing the paper, and I 
appreciate his remarks. 

His specific question was related to whether a defibrillator apical patch 
electrode should be implanted at the time of the arrhythmia operation. 
In the presentation, we mentioned that we had implanted a patch elec- 
trode in five patients. The specific decision for implanting has been those 
patients in whom we felt that the chances for successful arrhythmia control 
the operating room was less than 95 to 100%. 

The patients who do the most poorly with this operation are patients 
who have multiple sites of early activation, multiple scars, or, as pointed 
out by the Stanford group, have the site of earliest activation located on 
the inferior free wall of the ventricle away from the septum. In these 
patients, we have implanted an apical defibrillator patch, although for- 
tunately, we have not had to connect the defibrillator patch to the de- 
fibrillator. ; 


684 HAMMON AND OTHERS 


We feel that it is important that the patch be placed outside the peri- 
cardium, not inside, in that there have been two reported instances of 
the patch eroding into a coronary artery bypass graft or into the ventricular 
myocardium. 

Regarding the question of epicardial mapping and its usefulness, we 
feel at this time that all of these operations are a scientific experiment 
and all data obtained should be subjected to a rigorous scientific analysis 
that is being headed by Dr. Debra Echt. We also feel that epicardial 
mapping should be obtained and compared with any endocardial map- 
ping data available. 

Also, on a more practical side and at least in our hands, it has been 
possible to induce ventricular tachycardia in almost all patients during 
epicardial mapping. However, when one decompresses the ventricle, 
opens the ventriculotomy, and tries to perform endocardial mapping, 
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in many instances, inducing the proper ventricular tachycardia mor- 
phology is not possible. Therefore, any information gained from epicardial 
mapping can be valuable. 

The encircling ventriculotomy. as first described by Dr. Giradon, now 
of Canada, is a valuable technique, but I think is very much a last resort. 
The following paper by Dr. Kron will point that out in more detail, but 
I think our results have been as good as we would like to have with that 
technique. We have used it in areas where a papillary muscle would need 
to be isolated from the remainder of the ventricle, electrically isolated. 
This technique is fraught with complications, and I think that in none 
of our patients did we achieve a good surgical result from arrhythmia 
control. Thus, in essence, we abandoned it and would try to use cryo- 
therapy at this point. 

Again, | thank the Association for the privilege of membership and 
my coauthors, and I appreciate the opportunity to present these data. 
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Papillary muscle scarring is encountered frequently during op- 
erations for sustained ventricular tachycardia (VT). Indications 
for excision of the papillary muscle scar and mitral valve re- 
placement (MVR) are controversial. The findings in 46 consec- 
utive patients undergoing operative electrophysiologic map-di- 
rected endocardial resections for VT were reviewed. There was 
papillary muscle scarring in 15 patients (average age: 59 years; 
sex: 11 male, 4 female; average ejection fraction: 31 + 14%). 
Eleven patients had a VT with the site of origin on a scarred 
papillary muscle; four had another VT site of origin. Six patients 
underwent papillary muscle scar resection (5 with MVR); six 
underwent papillary muscle cryotherapy (—60 C X 2 min); and 
three had neither papillary muscle resection nor MVR. All six 
patients with papillary muscle resection + MVR are alive and 
free of arrhythmia after 14.3 + 7.6 months of follow-up. Five of 
six patients treated by papillary muscle cryotherapy alone man- 
ifested spontaneous (4 patients) or inducible (1 patient) VT during 
early postoperative evaluation. Two of the three patients with 
untreated papillary muscle scarring developed late complications 
requiring reoperation. One patient developed mitral regurgitation 
requiring MVR 5 months later. The other developed a previously 
undocumented VT 2 years after operation. Significant papillary 
muscle scarring visualized at the time of operation for arrhythmia 
is an indication for resection of the scar and the papillary muscle, 
even if this necessitates MVR. In this series, attempts to preserve 
the papillary muscle, by incomplete resection of the scar or by 
cryotherapy, resulted in a high failure rate owing to recurrent 
VT or mitral regurgitation. 


URGICAL THERAPY has become an accepted and ef- 
fective approach to the control of ventricular 
tachycardia (VT) since Harken, Josephson, and 

Horowitz described the technique of intraoperative map- 
ping and endocardial resection in 1979.! This approach 
is based on the concept that sustained VT in patients with 
coronary artery disease is due to re-entry originating in 
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the border zone between myocardial scar and normal 
myocardium.” Excision of endocardial scar from most 
parts of the heart is simple and well tolerated, but the 
optimal approach when scarring of the papillary muscles, 
a common finding, is present remains controversial. ‘Two 
of the three early failures reported by Horowitz and col- 
leagues were in patients whose arrhythmia was localized 
to the base of a papillary muscle, which was only partially 
resected at the time of operation.> Moran and coworkers 
suggested that in patients with scarring of one or both 
papillary muscles, extended endocardial resection of all 
visible scar with mitral valve replacement (MVR) should 
be performed.’ Others have suggested that the use of either 
cryosurgery or an encircling endocardial ventriculotomy 
around the base of the papillary muscle might be suc- 
cessful, thus obviating the need for MVR.” In this report, 
we review our operative results in patients with papillary 
muscle scarring who underwent left ventricular aneurys- 
mectomy and subendocardial resection for recurrent VT. 


Materials and Methods 
Patient Characteristics 


Forty-six consecutive patients with coronary artery dis- 
ease and prior myocardial infarctions underwent electro- 
physiologic map-directed left ventricular aneurysmectomy 
and endocardial resection between 1983 and 1985 for re- 
current sustained ventricular tachyarrhythmias. Among 
these 46 patients, 15 had extensive scarring of one or both 
papillary muscles and form the study group for this report. 
There were 11 men and four women, with a mean age of 
59 years (range: 45-76). The left ventricular ejection frac- 
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tion was 31 + 14% (mean + SD). All patients had sus- 
tained monomorphic VT, with the diagnosis confirmed 
at preoperative electrophysiologic study in 14 of the pa- 
tients. Preoperative electrophysiologic study was not per- 
formed in one patient, owing to unstable angina. The 
techniques of electrophysiologic study used in our labo- 
ratory have been described previously.° Electrophysiologic 
studies were performed after discontinuation of antiar- 
rhythmic drugs. Eight patients who had relatively well- 
tolerated arrhythmias underwent preoperative endocardial 
catheter mapping to localize the site of origin of the ar- 
rhythmia. 

Twelve patients had failed two or more antiarrhythmic 
drug trials, and medically refractory VT was the primary 
indication for operation. In the remaining three patients, 
persistent angina and heart failure necessitated operative 
intervention, and multiple drug trials were not under- 
taken. 


Intraoperative Technique 


All patients were anesthetized with narcotics and ni- 
trous oxide and placed on normotheric (38-40 C ) cardio- 
pulmonary bypass prior to induction of VT. Three pairs 
of reference electrodes were sutured to the right and left 
ventricular epicardial surfaces to permit recording of local 
electrograms and programmed stimulation. After induc- 
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Fic. 1. Resection of papillary 
muscles in mitral valve re- 
placement through a left 
ventricular aneurysmectomy. 


tion of VT, endocardial mapping was performed with a 
finger-held electrode (Elecath, Rahway, NJ). Resection of 
the site of earliest activation and surrounding areas of 
visible scar was performed, and the effects of the resection 
were assessed by the inability to reinduce VT. 

The treatment of scarred papillary muscles varied. If 
the VT was not localized to the papillary muscles, they 
were left intact. If the site was mapped to the papillary 
muscles, we either resected the papillary muscle and re- 
placed the mitral valve or applied a cryoprobe to the pap- 
illary muscle (Ron Wallach, Inc., Fairfield, CT). Cryoab- 
lation was performed by two or three 2-minute applica- 
tions of a 1.5-cm? probe at —60 C to the involved papillary 
muscle. This was repeated after aortic cross-clamping and 
administration of cardioplegia in order to increase the 
size of the cryolesion.’ In one patient, the base of the 
posterior papillary muscle was resected and the remaining 
muscle rermplanted in the ventricle. 

After the endocardial resection was completed, mod- 
erate hypothermia was induced, the aorta was cross- 
clamped, crystalloid cardioplegia was instilled, and aor- 
tocoronary bypass and/or MVR was performed. All valve 
replacements were performed through a left ventriculot- 
omy with a porcine bioprosthesis (Fig. 1). 

Postoperative electrophysiologic study was performed 
7-14 days after the operation, using a single electrode 
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catheter placed in the right ventricle through a peripheral 
vein. If the follow-up study revealed sustained VT, long- 
term antiarrhythmic drug therapy guided by repeat elec- 
trophysiologic testing was prescribed. 


Results 
Electrophysiologic Findings 


Eleven of 15 patients with VT and papillary muscle 
scarring manifested VT that originated in the region of 
one or both papillary muscles at the time of intraoperative 
mapping. Five of these 11 had multiple morphologies, 
with the additional site or sites of origin identified on the 
interventricular septum. The septum was the only site of 
VT origin identified in the four remaining patients (Table 
1; Fig. 2). 


Papillary Muscle Resection with Endocardial Resection 


Six patients underwent papillary muscle resection: five 
had MVR and one had reimplantation of the posterior 


_ papillary muscle. All had at least one site of origin of VT 


localized to a papillary muscle. Two of these six patients 
had severe mitral regurgitation after operation. All patients 
who underwent papillary muscle resection survived the 
operation. All had negative postoperative electrophysio- 
logic study and were discharged without antiarrhythmic 
drugs. They remain alive and free of recurrent VT after 
an average follow-up of 14 months (range: 3 months- 
3 years). 


Papillary Muscle Cryotherapy with Endocardial Resection 


Six patients were treated with cryotherapy of either the 
posterior (5 patients) or anterior (1 patient) papillary 
muscle. In five of these patients, endocardial mapping 
had localized the site of origin of VT to a papillary muscle. 
One other patient had obvious scarring of the posterior 
papillary muscle, but the site of VT was located on the 
septum. Repeat intraoperative programmed stimulation 
after placement of the cryolesions failed to initiate VT. 
These six patients were all successfully weaned from car- 
diopulmonary bypass, but four of the six developed spon- 
taneous episodes of sustained VT during the early post- 
operative period. The VT experienced by two of these 
patients was finally controlled by the administration of 
amiodarone; in another, it was controlled by procain- 
amide. Despite control of the arrhythmias, two of the four 
patients required prolonged ventilatory support and died 
of sepsis and complications of their arrhythmias 3 months 
after operation. A third patient was discharged on pro- 
cainamide with the arrhythmia controlled. The final pa- 
tient who developed postoperative VT had repeated epi- 
sodes that were uncontrolled despite multiple drug trials. 
At reoperation 1 week after his initial operation, he un- 
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derwent papillary muscle resection and MVR, but he 
could not be weaned from cardiopulmonary bypass. 

Two patients who underwent simple papillary muscle 
cryoablation had no further clinical VT. One was dis- 
charged without antiarrhythmic drugs after undergoing a 
negative electrophysiologic study. The other patient man- 
ifested VT in response to ventricular stimulation during 
his postoperative electrophysiologic study. This arrhyth- 
mia was suppressed with procainamide and has remained 
asymptomatic. 


Untreated Papillary Muscles 


Three patients had scarring of one or both papillary 
muscles at the time of operation; however, the VT orig- 
inated only from the septum and could not be induced 
after resection of the septal endocardium. The papillary 
muscles were therefore left intact. These three patients 
initially did well and were discharged on no antiar- 
rhythmic drugs. One patient continues to do well 18 
months after operation. The other two, however, even- 
tually required reoperation for complications related to 
the scarred papillary muscles. One patient developed mi- 
tral regurgitation and required MVR and repair ofa small 
ventricular septal defect 6 months after the initial oper- 
ation. He has done well during the subsequent 18 months. 
The other patient had no cardiac symptoms for 2 years 
after his initial operation but then developed a VT that 
did not respond to antiarrhythmic therapy. Endocardial 
catheter mapping localized the site of VT origin to the 
posterior papillary muscle. The patient underwent reop- 
eration, which confirmed the site of origin of the arrhyth- 
mia to be the posterior papillary muscle. After MVR and 
despite initially satisfactory cardiovascular hemodynam- 
ics, he could not be weaned from bypass because of ful- 
minant noncardiac pulmonary edema. 


Discussion 


The appropriate treatment of scarred papillary muscles 
found during operations for VT remains controversial. 
Moran and colleagues® reported that 15 of 67 patients 
(22%) undergoing surgical therapy for VT had papillary 
muscle scarring, and they compared results in the nine 
(of these 15) patients who had papillary muscle resection 
and MVR with results in the six who did not. Among the 
nine patients with MVR, there was one perioperative 
death; two patients continued to have VT. However, all 
six patients whose scarred papillary muscles were not re- 
sected had recurrent VT after operation, either sponta- 
neously or at electrophysiologic study. 

Ivey and coworkers described their results in 11 patients 
with recurrent VT and prior inferior myocardial infarc- 
tions. Two patients with a site of origin on a papillary 
muscle underwent resection and did well. Five others with 
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Fig, 2. A summary of electrophysiologic results and the outcome of 
operation. 


papillary muscle scarring did not have resections, and two 
of these patients developed VT after operation. 

Other techniques for managing papillary muscle scar- 
ring in patients with recurrent VT have been proposed.!° 
Encircling endocardial incisions interrupt the blood sup- 
ply and produce an ischemic area that may be electrically 
inactive. No report on their use only for papillary muscle 
scarring is available, but their use in other regions appears 
to be associated with increased mortality in comparison 
to that from endocardial resection. -14 

Cryosurgery also has been used to treat arrhythmias 
originating from scarred papillary muscles. A cryolesion 
at —60 C can experimentally ablate the electrical activity 
of myocardial tissue and produce an inert lesion that is 
different from normal myocardium. !>!§ However, our re- 
sults with cryosurgery of scarred papillary muscle have 
been poor. There are several possible explanations. Map- 
ping of VT is not precise, but the cryolesion is specific for 
a small area. Cryoablation of larger areas would take mul- 
tiple applications, and it is still not certain that the source 
of the arrhythmia would be rendered electrically inert. 
Our technique of sequential mapping and resection is not 
an effective guide to cryoablation. Initially, a larger area 
is made electrically inert, and the arrhythmia cannot be 
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reinduced in the operating room. Despite this, when 
thawing occurs and myocardial edema regresses, the ar- 
rhythmia has recurred 1 to 2 days after operation. 

Our results indicate that the safest short-term treatment 
of severely scarred papillary muscles shown to be the site 
of VT is resection and MVR. Severe scarring of both pap- 
illary muscles, if left untreated, has led to late mitral re- 
gurgitation or VT requiring reoperation with high mor- 
bidity and mortality. At present, the issus of MVR in 
patients with scarred papillary muscles and the arrhythmia 
clearly localized to another site remains-unsettled. 


References 


1. Harken AH, Josephson ME, Horowitz LN. Surgical endocardial 
resection for the treatment of malignant ventricular tachycardia. 
Ann Surg 1979; 190:456. - 

2. Cox JL. Anatomic electrophysiologic basis for the surgical treatment 
of refractory ischemic ventricular tachycardia. Ann Surg 1983; 
198:119. 

3. Horowitz LN, Harken AH, Kastor JA, Josephson ME. Ventricular 
resection guided by epicardial and endocardial mapping for 
treatment of recurrent ventricular tachycardia. N Engl J Med 
1980; 302:589. 

4, Moran JM, Kehoe RF, Loeb JM, et al. Extended endocardial re- 
section for the treatment of ventricular tachycardia and ventricular 
fibrillation. Ann Thorac Surg 1982; 34:538. 

5. Cox JL. Discussion. Ann Thorac Surg 1982; 34:550. 

6. DiMarco JP, Lerman BB, Kron IL, Sellers TD. Sustained ventricular 
tachyarrhythmias within 2 months of acute myocardial infarction: 
results of medical and surgical therapy in patients resuscitated 
from the initial episode. J Am Coll Cardiol 1985; 6:759-768. 

7. Holman WL, Ikeshita M, Douglas JM, et al. Cardiac cryosurgery: 
effects of myocardial temperature on cryolesion size. Surgery 
1983; 93:268. 

8. Moran JM, Kehoe RF, Loeb JM, et al. The role of papillary muscle 
resection and mitral valve replacement in the control of refractory 
ventricular arrhythmia. Circulation 1983; 68 (Suppl ID:154-160. 

9, Ivey TD, Brady GH, Misbach GA, Greene HL. Surgical management 
of refractory ventricular arrhythmias in patients with prior inferior 
myocardial infarction. J Thorac Cardiovasc Surg 1985; 89:369. 

10. Guiraudon G, Fontaine G, Frank R, et al. Encircling endocardial 
ventriculotomy: a new surgical treatment for life-threatening 
ventricular tachycardias resistant to medical treatment following 
myocardial infarction. Ann Thorac Surg 1978; 26:438. 

11. Ungerleider RM, Holman WL, Stanley TE, et al. Encircling endo- 
cardial ventriculotomy for refractory ischemic ventricular tachy- 
cardia. I. Electrophysiological effects, J Thorac Cardiovasc Surg 
1982; 83:840. 

12. Ungerleider RM, Holman WL, Stanley TE, et al. Encircling endo- 
cardial ventriculotomy for refractory ischemic ventricular tachy- 
cardia. Il. Effects on regional myocardial blood flow. J Thorac 
Cardiovasc Surg 1982; 83:850. 

13. Ungerleider RM, Holman WL, Calcagno D, et al. Encircling en- 
docardial ventriculotomy for refractory ischemic ventricular 
tachycardia. III. Effects on regional left ventricular function. J 
Thorac Cardiovasc Surg 1982; 83:857. 

14. Cox JL, Gallagher JJ, Ungerleider RM. Encircling endocardial ven- 
triculotomy for refractory ischemic ventricular tachycardia. IV. 
Clinical indications, surgical technique, mechanism of action, 
and results. J Thorac Cardiovasc Surg 1982; 83:865. 

15. Klein GJ, Harrison L, Ideker RF, et al. Reaction of the myocardium 
to cryosurgery: electrophysiology and arrhythmogenic potential. 
Circulation 1979; 59:364. 

16. Hoiman WL, Ikeshita M, Ungerleider RM, et al. Cryosurgery for 
cardiac arrhythmias: acute and chronic effects on coronary ar- 
teries. Am J Cardiol 1983; 51:149. 


690 


DISCUSSION 


Dr. LENOX D. BAKER (Norfolk, Virginia): I would like to thank Dr. 
Kron for sending me a copy of his manuscript prior to this meeting to 
review it. I think the group from Charlottesville certainly needs to be 
commended on attacking an extremely sick group of patients. These 
people not only have poor left ventricular function, but many of them 
have mitzal insufficiency with mechanical problems related to it, along 
with the arrythmia problems that are the primary focus of the study. 

I think that Drs. McGuire and Horsley yesterday pointed out that the 
effects of some of the primary physicians’ attitudes toward certain treat- 
ments, especially in ulcer disease, have affected the types of patients we 
are seeing now. I think that this concept also applies to ischemic coronary 
disease. I think that the CASS study, along with the promulgation of 
HMOs and gatekeepers are giving cardiac surgeons a much sicker group 
of patients to handle now than we saw 5 years ago. I think this type of 
patient with these postinfarction mitral insufficiencies and tachyarrhyth- 
mias is going to become more common. 

Down in Norfolk, we do not have the advantage of the excellent elec- 
trophysiological work of Drs. DiMarco, Echt, and’ others, but we have 
had a smaller number of these patients still come to surgery. The question 
always comes up, how best to handle them. We have gone ahead and, 
under the example of Drs. Kron, Hammond, and others, done extensive 
scar resections, including four mitral valve replacements, and have been 
satisfied with the early results with these patients. We think that they 
have been improved under this type of aggressive approach rather than 
trying to leave untreated disease behind. The technique of mitral valve 
replacement through the ventriculotomy is actually much easier than 
trying to do this through an atriotomy, and we have been comfortable 
with that. , 

The questions I have for Dr. Kron are: In areas where we do not have 
sophisticated electrophysiology, and also especially in these acute patients 
when we do not have time for it, is is reasonable to go ahead and resect 
all scar, including mitral valve replacements? We do not worry about 
the risk of mitral valve replacement in these people as much as the long- 
ternf risk of not treating significant mitral insufficiency or, worse, having 
to come back and replace the valve at a later time. 

One further question: If you do have to go back in a patient on whom 
‘you have not resected the mitral valve, do you go back in through the 
ventricle or do you go back in through a standard atriotomy? 

Again, I would like to compliment Dr. Kron for excellent management 
of this group of patients. 


Dr. JOHN W. HAMMON (Nashville, Tennessee): I also rise to congra- 
tulate Drs. Nolan and Kron and their coauthors on a very innovative 
approach to treatment. This, I think, needs to be emphasized as the 
sickest group of patients in the arrhythmia group, those patients who 
Save extensive enough scarring to involve the papillary muscle apparatus 
of the mitral valve. : 

I think that the controversy in this group of patients is based on op- 
posing thoughts that a surgeon might have when viewing a patient with 
a scarred papillary muscle that may not be causing any mechanical mitral 
insufficiency or only mild mitral insufficiency and following the usual 
adage “if it’s not broken don’t fix it.” 

Dr. Nolan and Kron's results showed that in their three patients scarred 
papillary muscles that were not “causing any problems” later caused 
‘difficulties and were difficult to treat at that time. In fact, if a patient has 
én extensive ventricular resection, multiple coronary bypasses, and 
mapping for an indefinite period in the future, he is a very poor candidate 
for any further ablative or reconstructive cardiac surgery. Thus, all that 
reeds to be done, I think, ought to be done at the one opportunity the 
surgeon has to do it right. 
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I would like to ask the authors what their feelings are now, based on 
their past experience. Would they replace the mitral valve in the patient 
with extensive papillary muscle scarring even if the site of arrhythmia 
cannot be localized to this area? This remains a most difficult problem 
for all of us. 

Thank you very much for allowing me to discuss the paper. 


a 


Dr. IRVING L. KRON (Closing discussion): The majority of deaths in 
our series have been due to arrhythmias on the papillary muscle. It took 
us a long time to tumble to the fact that one really had to be aggressive 
for this group. These are people we would prefer not to operate on. We 
know it ahead of time. They usually have posterior infarctions, and, 
while one can predict very good results in nice straightforward aneurysms, 
the result in these patients is basically that the arrhythmia can be poorly 
handled if it occurs after operation. 

We have noted when we used the cryoablation technique that every- 
thing works just fine for about 48 hours, and, as the tissue edema goes 
down, the arrhythmias may recur. We have gone to a much more ag- 
gressive approach, since these people die if their arrhythmias are left 
untreated. 

I would like to answer the questions. Dr. Baker first asked about ex- 
tended endocardial resection and mitral valve replacement in those pa- 
tients without the use of intraoperative mapping. We would obviously 
prefer Dr. Baker to refer those patients to our institution, but when the 
Situation is acute, there is no doubt that the patient would die in the 
next few hours without surgical therapy. The results in this type of case, 
I think, are good, with just complete endocardial resection and valve 
replacement needed in an acute situation. 


The problem with this technique, unfortunately, is that you will prob-~; 
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ably miss about 20 to 25% of the arrhythmias, We have noticed this with 
our technique of sequential resection. What we will do is to perform the 
resection where it was initially mapped. We then attempt to restart the 
arrhythmia, and we can about 20% of the time restart the arrhythmia, 
even after we had taken out everything we thought we needed to. Un- 
doubtedly Dr. DiMarco will point out that there may be something more 
to excise on the septum, and there usually is. Therefore, we feel that 
mapping is important in these patients. We agree with Dr. Hammon’s 
earlier comments that this is still an experimental procedure, and we 
hope that we continue to learn what techniques are best to use. 

What about the concept of what to do in a patient who needs a later 
mitral valve replacement who has had a previous ventriculotomy? It is 
very simple, surprisingly enough, to go back through the ventricle. In 
other words, this is basically purely thinned-out scar that we have already 
closed, and we have had the opportunity to do this on two occasions. 
This is much simpler than dissecting the entire heart, and we would 
recommend it for those of you unfortunate enough to go back in on one 
of these patients. 

Dr. Hammon asked a question that I am not sure I have a very good 
answer to. He asked, when does one resect papillary muscle when the 
site of the arrhythmia can clearly be localized on the septum or another 
site? We are going to hedge just a little bit here because we have only 
had three cases. It is my bias—and not my scientific belief, but bias— 
that a patient who has severely scarred papillary muscles and presents 
relatively acutely with an arrhythmia within 6 to 8 weeks of myocardial 
infarction probably should have papillary muscle resection and valve 
replacement at that time. I think that is the safest short-term solution. 

The patient who presents many months after myocardial infarction 
with arrhythmias localized to another site probably can be managed 
safely by leaving the papillary muscles alone and performing endocardial 
resection where needed. We are not absolutely certain, and we may have 
to come back to you later with further answers for this. 

Thank you again for the privilege of the floor. 
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Sixteen hundred and forty-three porcine prosthetic valves (1102 From the Division of Cardiothoracic Surgery, Department of 
Carpentier-Edwards, 541 Hancock) were implanted in 1492 pa- Surgery, New York University Medical Center, New York, 
tents at New York University Medical Center between January New York 


1976 and June 1983. The aortic valve alone was replaced in 786 
patients (53%), mitral valve alone in 556 (37%), and multiple 
valves in 143 patients (9.6%). Concomitant coronary artery by- £ 
A pass was performed in 326 patients (22%). There were 116 deaths'~’ , patients. Previously, the Starr cloth-covered steel ball 
within 30 days of operation (7.8%). Follow-up (mean: 42 months) - 
was completed in 94% of survivors and revealed that late survival Prosthesis had been used most often; experiences with 
from cardiac-related death was 87% at 5 years and 81% at 7 1375 such prostheses were reported in 1977. 
years, with no significant difference between the Carpentier-Ed- One thousand six hundred forty-three porcine valves 
wards and Hancock patients. Late thromboembolic complica- —(| 102 Carpentier-Edwards, 541 Hancock) were implanted 
tions, however, were significantly more frequent in Hancock paz i} 1492 consecutive patients between January 1976 and 
tients at all intervals from 1-7 years (p < 0.05), whether in the ; 
aortic or mitral position. Patients with coronary artery disease June 1983. To determine both short- and long-term Te- 
who had concomitant coronary bypass showed a survival from sults, a detailed study was done in 1984-1985, evaluating 
late cardiac death that did not differ significantly from that of over 100 specific parameters on each patient. The hospital 
moan AE pee signi ieee Before ges _ record on each of the 1492 patients was reviewed and 
a were ew yor Association Class ; : 
or IV, but after operation 80% were in Class I or I. Late anti- ri $ PS PN raen RAT saci pa 
coagulant complications, endocarditis, and valve dysfunction were ent an /or e reternng p ysician Dy telep, one, 
relatively rare. These results from a series of such size, duration, This report describes the overall results of this study. 
and representative numbers of two types of porcine bioprosthesis More detailed reports about major factors influencing the 
“yr” confirm excellent results with porcine prostheses in the first 4- frequency of specific complications will be presented in 
5 years following operation. 
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subseguent publications. 
LUTARALDEHYDE-PRESERVED porcine prosthe- i Methods 
ses for cardiac valve replacement were intro- l 
duced in 1969 and, soon thereafter, became All valve bioprostheses were implanted by the cardio- 


widely used in the United States. The Hancock valve was vascular surgical faculty at New York University. The 

introduced first, followed by the Carpentier-Edwards valve choice between a metallic or a porcine prosthesis varied 

in 1975. These two types, which differ somewhat in aspects With the age of the patient, the patient’s specific preference, 

of preparation, have been uséd in the majority of clinical occupation, and physical activity, and any associated dis- 
experiences reported.!"!! eases that would make long-term anticoagulation hazard- _ 

Porcine valves first were used at New York University ous. After discussing the advantages and limitations of 

in 1976 and soon were employed in a high percentage of both the metallic and porcine prostheses, most patients 

_ left the choice of valve to the surgeon. However, over 20% 

Adee alate oak ana Nea A of the patients expressed a strong preference for either a 

Presented at n ceting o u urgi: b : g > : ` 5 

i iation, Hot Springs, Virginia, D ber 1-4, 1985.. porcine ora metallic prosthesis, depending on their con: 
7“ "Reprint requests; Dr. G Baceane Rm. 532, CME Bldg, 520 First cern about daily anticoagulation medication versus the 
Ave., New York, N.Y. 10016. anes -possibility of reoperation within the next decade. 
Submitted for publication: December 9, 1985. In general, porcine prostheses were strongly advised for 
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TABLE |. Basic Characteristics of Study Group of 1492 Patients 





Interval January 1976-July (983 
Total patients 1492 
Total valves 1643 


786 patients (52.7%) 
556 patients (37.3%) 
143 patients (9.6%) 


Aortic replacements 

Mitral replacements 

Multiple replacements 

Concomitant coronary artery by- 
pass grafts 

Hancock replacements 

Carpentier-Edwards replacements 


326 patients (21.8%) 
541 valves (32.9%) 
1102 valves (67.1%) 





patients over 60 years of age, while metallic prostheses 
were preferred for younger patients. However, a surprising 
number of patients in the second to fourth decade of life 
(5.6%, 84/1492) strongly preferred a porcine prosthesis to 
avoid incurring the limitations of chronic anticoagulant 
therapy and readily accepted the possibility of reoperation 
within the next decade. In a few patients, a small aortic 
annulus mandated the use of a metallic prosthesis, 

The pump oxygenator technique used was a standard 
one—a Travenol membrane oxygenator (Travenol Labs, 
Inc., Deerfield, IL) with DeBakey roller pumps. Perfusion 
was maintained at a flow rate between 2 and 2.5 L/m?/ 
min at a temperature between 25-30 C. Cold blood po- 
tassium cardioplegia was used for myocardial preservation 
in the majority of patients. This was supplemented with 
topital hypothermia to keep myocardial temperature near 
10-15 C. 

Valve prostheses were inserted routinely with mattress 
sutures buttressed with pledgets. Since this technique was 
adopted over a decade ago, perivalvular leaks have been 
very rare. Following operation, warfarin was started in 2- 
3 days and usually continued for about 3 months. War- 
farin was used in conservative amounts, maintaining the 
prothrombin time at about 1-1.5 times normal, approx- 
imately 20 seconds, as opposed to traditional values of 
twice normal. Patients were seen intermittently during 
their first few weeks of convalescence, but otherwise re- 
turned to the care of their referring physicians. Hence, 
their long-term care was primarily directed by their in- 
dividual physicians. For the majority of patients, it was 
recommended that warfarin be stopped after 3 months 
and that antiplatelet therapy, either acetylsalicylic acid or 
dipyridamole, be given for 1-2 years. This policy was rec- 
ommended for all patients without particular considera- 
tion for the presence of arrhythmias or size of the left 
atrium. However, since the anticoagulant therapy varied 
widely with the preference of the referring physician, there 
was no consistent pattern of anticoagulant management. 

The present study analyzed over 100 specific data points 
for each patient. This information was obtained first by 
reviewing the patient's hospital record and then by cen- 
tacting the patient and/or his physician by telephone. All 
data were entered into a computer and analyzed by means 
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of the statistical package SPSS* (SPSS Inc., Chicago, IL). 
Most preoperative data were compared by chi-square 
analysis. The significance of differences in age at operation 
and in some of the other continuous parameters studied 
was determined by the Student’s t-test. The incidence of 
late mortality or complications was obtained actuarially 
through use of the life-table method. Significance was de- 
termined by the comparison of such results using the con- 
fidence interval test.'* Statistical comparisons of changes 
in postoperative symptomatic status were made by chi- 
square analysis. 


Results 


The basic characteristics of the group of 1492 consec- 
utive patients can be seen in Table 1. With respect to the 
operative procedures, 786 patients had an aortic prosthesis 
(593 Carpentier; 193 Hancock); 556 had a mitral valve 
replacement (337 Carpentier; 219 Hancock); and seven 
had a tricuspid replacement (2 Carpentier; 5 Hancock). 
Multiple valvular replacement was performed in 143 pa- 
tients: 118 aortic and mitral, 16 mitral and tricuspid, one 
aortic and tricuspid, and eight triple valve replacements. 
A coronary bypass also was performed in 21.9% of the 
patients because of significant occlusive coronary disease. 

No specific policy was followed regarding the choice of 
Hancock versus Carpentier prostheses, but a greater per- 
centage of the prostheses implanted in the interval 1976- 
1980 were Hancock valves (45.1%), compared to the pe- 
riod 1980-1983 (21.1% Hancock valves). 

There were 116 deaths within 30 days of operation, 
and 1376 patients were discharged from the hospital. 
Subsequently, there were 156 late cardiac deaths and 64 
late noncardiac deaths, leaving a total of 1156 patients 
alive at follow-up. One thousand eighty-five of these were 
successfully contacted by telephone, a follow-up rate of 
94%, The average length of follow-up was 42 months, the 
maximum 99 months. 

The majority of patients reported had marked im- 
provement after operation (p < 0.01) (Fig. 1). Using the 
New York Heart Association Functional Classification, 
before operation 47% of patients were Class III, and 40% 
were Class IV. Following operation 79.9% of patients im- 
proved to Class I or II. 


Mortality: Early and Late 


One hundred sixteen deaths occurred within 30 days 
of operation, a mortality of 7.8%. Twenty-seven of these 
116 occurred in the operating room, 89 in the next 30 
days. The causes of death are shown in Table 2. Nearly 
two-thirds of the deaths were cardiac in origin, 46 resulting 
from low cardiac output (40%), 29 from either myocardial 
infarction or arrhythmias (25%). Infrequent causes were 
sepsis (9 patients), endocarditis (3 patients), stroke (4 pa- 
tients), and renal failure (3 patients). 


Vol. 203 » No. 6 


190 


80 p<. 201 


\ 


PERCENT 


age 


am 


Q 
© 


A 
© 


M 
© 





I II II Iv 


I II IU Iv 


PREOP POSTOP 


FIG. 1. Pre- and postoperative New York Heart Association classifications 
(p. < 0.01, chi square). 


Long-term Survival 


Thirteen hundred seventy-six patients were discharged 
from the hospital. As mentioned earlier, there were 156 
late cardiac deaths and 64 deaths from noncardiac causes, 
such as cancer or trauma. When the cause of death was 
uncertain, it was listed as “cardiac” in origin (Table 3). 
To'compile survival data that could be compared with 
reports from other institutions, long-term survival was 
calculated as the percentage of patients surviving the op- 
erative period who were “free from late cardiac death” 
each year during the period of follow-up. Actuarial curves 
showing survival at yearly intervals for 1-9 years were 
then calculated (Fig. 2). There were 582 patients alive in 
the fifth year after operation, 397 in the seventh year, and 
78 in the ninth year. As shown in Figure 2, 87% of patients 
were “free from late cardiac death” 5 years after operation, 
81% at 7 years. Somewhat unexpected was the fact that 
patients with a Carpentier prosthesis had a consistently 
higher survival rate throughout the study period compared 
to patients with a Hancock prosthesis (89% vs. 84% at 5 
years, p < 0.05) (Fig. 3). This difference, however, was 


TABLE 2. Cause of Operative Deaths Among 1492 Patients 





(%) 


Low output/CHF 46 (39.7) 
Myocardial infarction/arrhythmia 29 (25.0) 
Hemorrhage 13 (11.2) 
Sepsis 9 (7.8) 
CVA/stroke 4 (3.4) 
Pulmonary peripheral arterial embolus 4 (3.4) 
Valve dysfunction 1 (0.9) 
Other 10 (8.6) 
Total 116 





CHF = congestive heart failure; CVA = cerebrovascular accident. 
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TABLE 3. Causes of Cardiac-related Late Death Among 1376 Patients 
Surviving Operative Period 
(%) 

Sudden death/myocardial infarction, arrhythmia 55 (35.3) 
CHF/low output 34 (21.8) 
Endocarditis 10 (6.4) 
CVA/stroke 13 (8.3) 
Valve failure/periprosthetic leak 3 (1.9) 
Pulmonary embolus 7 (4.5) 
Aortic aneurysm 4 (2.6) 
Reoperation for valve problem 4 (2.6) 
A/C complication 2 (1.3) 
Other (cardiac related) 13 (8.3) 
Exact cause undetermined 11 (7.0) 
Total 156 


CHF = congestive heart failure; CVA = cerebrovascular accident. 


statistically significant only at the 5-year interval. The 
choice of valve prosthesis was made by the individual 
surgeon and was not randomized. However, patients re- 
ceiving either Hancock or Carpentier prostheses were 
comparable regarding most preoperative risk factors. 
With aortic valve replacement, 5-year survival was 89% 
and 7-year survival was 83% (Fig. 4). Survival was lower 
with mitral replacement, 84% at 5 years (p < 0.05) and 
71% at 7 years. Multiple valve replacements had an 86% 
survival at both 5- and 7-year evaluation. Surprisingly, 
the combination of aortic and mitral replacement hdd a 
better long-term survival than simple mitral replacement 
alone (93% vs. 84% at 5 years). The differences between 
these two survival curves were significantly in favor of the 
aortic and mitral group at 2, 3, and 5—9 years (p < 0.05). 


Influence of Coronary Disease on Late Mortality 


The influence of a concomitant coronary bypass on 
longevity is shown in Figure 5. The only significant dif- 
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Fic, 3. Freedom from late cardiac-related death for patients with Car- 
pentier-Edwards valves compared with patients with Hancock valves. 


ference between those patients having concomitant zor- 
onary bypass and those patients who did not have a con- 
comitant procedure occurred at the 6-year interval. 


Thromboembolic Complications 


Three categories of possible thromboembolic compli- 
cation were recognized: peripheral emboli, transient isch- 
emic attacks, and strokes. A neurologic episode resolving 
within 24 hours was classified as a transient ischemic at- 
tack; those producing a neurologic deficit for a longer 
period of time were classified as “strokes.” Any postop- 
erative thromboembolic complication that did not have 
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Fic. 5. Freedom from late cardiac death for patients without a concom- 
itant surgical procedure and patients with concomitant coronary artery 
bypass grafts (CABG). 


a well-documented, noncardiac origin was considered ~ 
cardiac related. 

Perioperative emboli. Fifty-two thromboembolic epi- 
sodes occurred during the first 30 days after operation 
(3.4% of all perioperative complications). There were 21 
strokes, 17 transient ischemic attacks, and 14 peripheral 
emboli. Some transient ischemic episodes may have been 
overlooked in a retrospective chart review, but any event 
that produced a major neurologic deficit was readily de- 
tected. 

Late emboli. Following discharge from the hospital, 
189 thromboembolic events occurred in the next follow- 
up period (33 arterial emboli, 90 transient ischemic at- 
tacks, and 66 strokes). Similar to the findings reported by 
others, a high percentage of thromboembolic events 
(nearly 26%) occurred in the first 6 months after operation. 

As shown in Figure 6, 5 years following operation, 
85.4% of patients were free of any thromboembolic event, 
82.5% at 7 years. After the first year, the risk of throm- 
boembolism remained relatively constant. 

The majority of the 159 patients had only one throm- 
boembolic episode (132). Twenty-four patients had two 
episodes and three had three. At the time of the throm- 
boembolic episode, 47% of patients were taking either 
warfarin or an antiplatelet medication; 53% were not. 

The frequency of emboli was analyzed with reference 
to the site of insertion of the valvular prosthesis. Contrary 
to findings reported by others, there were no statistically 
significant differences among the sites of insertion. Five 
years following operation, 86.8% of patients with aortic 
prostheses were free of any thromboembolic episodes, 
84.5% of those with a mitral prosthesis, and 81.8% of 
those with multiple prostheses (Fig. 7). The difference be- 
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tween these groups was not statistically significant at any . 
follow-up interval. The actuarial curve in Figure 10 shows that, 5 years 


-~ Itwas of particular interest that there was a statistically following operation, 95.7% of patients had been free from 
significant difference in the frequency of emboli between any problem with endocarditis. Hence, the risk of endo- 
Carpentier and Hancock prostheses at all intervals from carditis in an individual patient is about 1% per year. 

1 to 7 years (Fig. 8). With Carpentier prostheses, 89.5% 


were free of emboli 5 years after operation, 85.8% at 7 Discussion 

years. However, only 78.6% of patients with Hancock : R 
prostheses were free from emboli 5 years after operation, Improvement and Survival 

76.6% at 7 years. The 5-year survivals from late cardiac death of 89% 


Data describing the influence of different cardiac ar- following aortic valve replacement and 84% with mitral 
rhythmias on frequency of thromboembolic events will valve replacement indicate the excellent results that can 





be described in a subsequent report. be obtained for at least 5-7 years with porcine prostheses. 
Eleven reports published between 1979 and 1984 describ- 
Anticoagulant. Complication ing results with tissue valves (10 porcine, 1 bovine) are 
so Sixty-six patients taking anticoagulant medication had 
a bleeding episode during the period of observation. These 180 
were relatively minor episodes in most patients but in two p¢.@5 for yra 1-7 
were a direct cause of death. Only three of these 66 patients 99 n oe 
had more than one bleeding episode. As shown in the 
actuarial curve in Figure 9, 5 years following operation, 
94% of patients had been free from any bleeding problems 5 88 N 
from anticoagulants. E 
œ 
Endocarditis e ue 
There were 47 episodes of endocarditis in 44 patients, 
three having two episodes each. Endocarditis caused death 60 | s—a CARPENTIEREDWARDS VALVE 
in ten of the 44 patients. Twenty-five of the 44 patients m—a HANCOCK VALVE 
had an aortic prosthesis, 14 a mitral, one a tricuspid, and 59 
four multiple prostheses. There was no significant differ- Of 2 3 45678 
ence between the Hancock and the Carpentier prostheses. 
“~ Details regarding etiologic factors, infecting organisms, YEARS POST-OP 


and medical and surgical therapy will be reported sub- Fic. 8. Freedom from late thromboembolic complications by type of 
sequently. replacement valve. 
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listed in the bibliography. Only two of these reports in- 
cluded patients with an average follow-up of 4 years or 
longer. The overall survival from late cardiac death results 
reported in this series (87% at 5 years, 81% at 7 years), 
equal or exceed the 5-year survival reported in any of the 
11 reports cited.'~"! In most reports, survivals range from 
70~75% to 80-83%. 

This series is also distinctive in that it is the larzest 
series (1492 patients) reported to date with an average 
follow-up of this duration (42 months). In none of the 
series reviewed was there a large number of both Hancock 
and Carpentier prostheses used in the same group of pa- 
tients. Hence, although this was not a randomized study, 
the significantly higher frequency of thromboembolism 
with Hancock prostheses may be quite important. 
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The fact that 80% of patients improved to a Class I-II 
category well represents the significant benefit experienced 
by the majority of patients following valve replacement. 
It was also impressive that the concomitant presence of 
coronary disease, treated with bypass grafting in 22% of 
the entire group, did not adversely influence late mortality in 
(Fig. 5). This is contrary to the results reported by Oyer 
in 1979, who found survival much decreased by the con- 
comitant presence of coronary disease.! The liberal use 
of coronary bypass in association with valve replacement 
seems strongly indicated. 

The 5-year survival of 89% with aortic valve replace- 
ment, and 84% with mitral valve replacement, represent- 
ing an average late mortality of 2-3% per year, well in- 
dicates the good prognosis in most patients. The lower 
survival with mitral replacement, similar to reports by 
others, may indicate the performance of operation on pa- 
tients with a greater deterioration in ventricular function, 
either from cardiac failure or previous rheumatic myo- 
carditis. 

The reason for the unexpected finding that survival: was 
better in patients undergoing aortic plus mitral replace, 
ment than in those undergoing mitral replacement alone 
(93% vs. 84% at 5 years) is not known. One possible ex- 
planation could be that the presence of aortic disease led 
to operations being performed before ventricular function 
was irreversibly harmed. f 

The fact that patients with Carpentier prostheses had 
a slightly better survival (significant only at 5 years) than 
those with Hancock prostheses (89% vs. 84%) is unex- 
plained. As noted earlier, the choice of valve was not ran- 
domized. 


Early and Late Mortality 


The average operative mortality of 7.8% for the entire 
group of 1492 patients indicates the applicability of valve 
replacement to virtually all patients with severe valvular 
disease, regardless of the degree of preoperative disability 
(47% Class IH, 40% Class IV preop). Operation was per- 
formed on virtually all patients seen, regardless of their 
age-or severity of cardiac failure. With present techniques 
of myocardial preservation, a patient with valvular heart 
disease is rarely inoperable for any reason; even in the 
worst circumstances, operative mortality at present is 
usually less than 10%. 

The principle determinant of operative mortality is the 
preoperative status of the patient, Class HI or IV. With 
early Class III patients without associated diseases, either 
aortic or mitral valve replacement can now be performed 
with a very low mortality, averaging 1-3%. 

As mentioned earlier, 156 cardiac deaths occurred over 
a period of 9 years after the 1376 patients were discharged 
from the hospital (Table 3). About 35% of these were 
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sudden deaths, either from arrhythmias or myocardial 
infarction, indicating the importance of lifelong periodic 
surveillance by the patient’s physician. As the actuarial 
curves indicate (Figs. 2—5), the risk of late death remains 
relatively constant, so periodic evaluation is clearly im- 
portant. This is particularly true in patients with Class IV 
disease before operation, in whom an unknown degree of 
irreversible ventricular injury has occurred. The presence 
of irreversible ventricular injury is clearly reflected by the 
often reported major difference in 5-year survival between 
preoperative Class IV and Class IID] patients. 


Thromboembolic Complications 


Fifty-two thromboembolic episodes (transient ischemic 
attacks, stroke, or peripheral arterial emboli) occurred 
within 30 days after operation, and 189 in the subsequent 
1-9 years following discharge from the hospital. Hence, 
there was not an unusually high frequency of perioperative 
emboli, as recently described in a report by Chesebro and 
associates. !5 

Twenty-six per cent of the late 189 thromboembolic 
episodes occurred within 6 months after leaving the hos- 
pital, emphasizing the importance of anticoagulant ther- 
apy with warfarin in the first 3-6 months after operation. 
The most probable explanation for this high frequency is 
the cloth covering the prosthesis, which subsequently be- 
comes covered with endothelial cells and fibrin. A similar 
high frequency in the first few months has been reported 
by others. Angell, in 1982, stated that two-thirds of 
thromboemboli had occurred in the first 4 months in their 
series’; Duran reported that 75% of emboli occurred in 
the first year*; and Oyer described 50% of emboli in the 
first 3 months.!? 

After the first year, thromboembolic events occurred 
with a small but regular frequency (Fig. 6). The consistent 
frequency pattern indicates that patients are never com- 
pletely free of the risk of thromboembolism, contrary to 
the report by Duran in 1980.* The overall low frequency 
rate, however, is reflected by the fact that 5 years after 
operation, six out of seven patients, about 85% of the 
group, have remained free from any thromboembolic ep- 
isodes. This low frequency indicates the great advantage 
of porcine prostheses over metallic prostheses, being far 
less dependent on permanent anticoagulation with war- 
farin to prevent serious thromboembolic episodes. There 
does not, however, seem to be a major difference in fre- 
quency between thromboemboli in patients on porcine 
prostheses without anticoagulation as compared to those 
with metallic prostheses on anticoagulation. !° 

Which patient should receive permanent anticoagula- 
tion with warfarin remains uncertain. As described earlier, 
the basic policy followed here was to give warfarin for 3 
months following operation, recommending to the pri- 
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mary physician that warfarin then be stopped and an an- 
tiplatelet agent given. The follow-up studies, however, 
found that among the 159 patients with late emboli, 47% 
were either taking warfarin or an antiplatelet medication 
at the time of the episode. It seems noteworthy in this 
regard that 132 of the 159 patients had only one embolic 
episode, suggesting that additional antithrombotic therapy 
instituted at that time, usually permanent anticoagulation 
with warfarin, was effective. 

Considering thromboembolic events in general, in- 
cluding transient ischemic attacks, strokes, and peripheral 
emboli, there was no difference in frequency with the site 
of insertion of the prosthesis. Five years after operation, 
87% of patients with aortic prosthesis were free of embolic 
episodes, as compared to 85% of those with the mitral 
prostheses.>*°7"! The difference requires further study 
but may have evolved from grouping transient ischemic 
attacks and strokes together as thromboembolic episodes. 

Patients with Carpentier prostheses had significantly 
fewer emboli than those with Hancock prostheses. 
(89% vs. 79%) at 5 years (Fig. 8). The larger amount of 
cloth in the sewing ring of the Hancock prosthesis could 
be a significant factor in explaining this difference. To our 
knowledge, this difference has not been reported by others. 

Regarding bleeding from anticoagulants, although some 
form of anticoagulant therapy was continued in a signif- 
icant percentage of patients, only 66 patients of the entire 
group reported some problem from bleeding while taking 
an anticoagulant medication (Fig. 9). These were usually 
relatively minor episodes, but they did result in death in 
at least two patients. This low frequency of problems with 
anticoagulation, as well as the fact that patients seldom 
had more than one embolic episode, would suggest that 
a more liberal use of anticoagulants may be indicated on 
a permanent basis as long as problems with bleeding do 
not occur. As patients are never free from some risk of 
thromboembolism, permanent anticoagulation probably 
should be done after any significant embolic event occurs. 


Endocarditis 


Endocarditis occurred in 44 patients, but fortunately 
only three of these had more than one such episode. The 
gravity of the problem, however, is indicated by the fact 
that it resulted in death in 10 of 44 patients. The fact that 
three out of four patients recovered after endocarditis well 
supports the policy long followed of prompt reoperation 
upon patients who were clearly not recovering within a 
few days after institution of appropriate antibiotic therapy. 
By contrast, endocarditis in the group of patients reported 
by Oyer in 1979 had a fatality approaching 50%. Post- 
poning operation in patients with endocarditis while in- 
effective antibiotic therapy is continued almost inevitably 
leads to spread of the infectious process to the valve an- 
nulus and adjacent structures. 


698 SPENCER AND OTHERS 


As the actuarial curve in Figure 10 shows, nearly 36% 
of patients were free of any problem with endocardi-is 5 
years after operation. Hence, as with any patient with a 
valve prosthesis of any type, endocarditis remains a small 
but permanent hazard, a risk near 1% per patient per 
year. 


Valve Durability 


It was gratifying that only 42 patients developed prob- 
lems with the porcine valve over the period of the study, 
resulting in a second operation in 32 patients. The fact 
that only two patients were reoperated upon for a peri- 
valvular leak among the entire 1492 patients indicates the 
great reliability of routine insertion of a prosthetic valve 
with mattress sutures buttressed with pledgets. Twenty- 
eight of the 32 patients reoperated on had the usual com- 
plication of calcification resulting in stenosis or leaflet 
rupture. The frequency distribution showed that over one- 
half occurred more than 5 years after operation, indicating 

* that the likelihood of valve deterioration requiring redp- 
eration in the first 5 years after insertion is very small, 
less than 2%. The ultimate course of porcine valves, how- 
ever, is clearly still unknown. Disturbing reports have ap- 
peared of accelerated degeneration between 9 and 10 years 
following operation, especially in the mitral position. A 
5-7 year follow-up study by McGilligan and associates in 
1980 clearly warned of this accelerated degeneration. In 
their series, the cumulative failure rate was only 4% at 48 
months, but 15% at 89 months, a threefold increase in 
frequency of failure after 48 months. . 

The hazard of late degeneration cannot be predicted 
from actuarial analysis, as it is a nonlinear event. It 7e- 
quires specific analysis of patients surviving 10 or more 
years following operation. Whether this late deterioration 
will increase in frequency between 10 and 15 years fol- 
lowing operation, or decrease because of better techniques 
of valve preservation and insertion, is a major question 
for future study. 


Conclusions 


The results suggest the following conclusions: (1) Por- 
cine valves have excellent function for at least 5-7 years 
following operation. Warfarin is not needed in most pa- 


DISCUSSION 


Dr. Bossy J. HEATH (Jackson, Mississippi): First, I would like z0 
thank Dr. Spencer for allowing me to read his manuscript yesterday, 
and, secondly, I would like to commend him on such an in-depth, detailed 
study, on such a large number of patients, and also the excellent results 
that they have achieved. 
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tients after the first few months following operation. (2) 
Concomitant coronary bypass should be done. With by- 
pass, 5-year survival for patients with concomitant cor- 
onary disease is similar to that for patients without cor- 
onary'disease. (3) Thromboembolism remains a small but 
constant hazard. (a) The risk is greatest in the first 6 
months. (b) The risk seems to be greater with the Hancock 
prosthesis than with the Carpentier prosthesis. (4) The 
risk of valve failure requiring operation in the first 5 years 
after operation is very small, only 1.5%. 
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First, I want to make a couple of general comments. The first is that 
certainly at the present time there is no ideal valve. Secondly, of the 
valves that are availabls, there is no valve that is good for all patients. 

If we chose an ideal valve, we would like it to be durable, to have 
good flow characteristics, to have a low thromboembolic rate, to produce 
little to no hemolysis, to have freedom from endocarditis, and one that, 
when it did fail, would fail with what I call a “slow failure mode.” In 
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other words, not suddenly. Also, at replacement, it would have a low 
risk of reoperation. Also, it should afford an acceptable lifestyle, not 
requiring undue medical follow-up or an undue amount of medication. 

There is no difference in the operative mortality for utilization of 
porcine valves compared to mechanical valves, but there may be a dif- 
ference in the long-term mortality. 

Regarding thromboembolic rates, I think that they are affected by a 
number of factors other than the kind of valve utilized. These include 
the cardiac output, the atrial size, the rhythm, and the actual character 
of the endocardial surface of the atrium itself. Though some of these 
may not be statistically significant alone, J think that, when combined, 
they do make a difference as to the thromboembolic rate, and there may 
actually be some differences with the intrinsic coagulation scheme of the 
patients themselves. 

In preparation for this, I reviewed a small personal series of 280-odd 
valve operations with 239 patients receiving valves. There were 97 aortic, 
32% of which had either coronary bypass grafting or replacement of 
ascending aorta, and 96 mitral valves, 15% of which had bypass grafting 
or ventricular aneurysm resections. There were 42 double valves with 
10% having bypass grafting. 

The 60-day mortality was 7.9%. A period of 60 days was chosen because 
two patients stayed in the hospital longer than 30 days because of en- 
docarditis problems. 

Interestingly, in this group of patients, there were 45 reoperations, 
with three deaths or 6.7% mortality. Of these three deaths, one was because 
of staph endocarditis in an acute situation on a metallic valve, one was 
a clotted metallic valve, and the other was in a porcine valve in a patient 
that had multiple systems failure. 

Also, in our unique series, 35 patients were operated on because of 
endocarditis, 27 on native valves and 8 on prosthetic valves. There were 
two deaths in the 27 native valves, and one death in the 8 prosthetic 
valves. 

With this in mind, I wanted to ask Dr. Spencer several questions. 
Regarding anticoagulation, 52% of your patients were on anticoagulants 
when they had their thromboembolic episode. For that reason, how really 
important do you think half-hearted anticoagulation is, since its avoidance 
is one of the reasons for utilization of porcine valves? In my patients, 
including well over 150 patients with porcine valves, probably less than 
six have had any anticoagulation, and I know of only three patients who 
have had thromboembolic episodes. 

Also, in regard to the Carpentier-Edwards and the Hancock throm- 
boembolic rates, in addition to the large sewing ring, there is a muscle 
shelf that is left on the Hancock valve that has been trimmed off on the 
Carpentier valves. Would you think that this is perhaps part of the reason 
for the difference in the thromboembolic rate? 

Also, I wondered in your large group what percentage of patients ac- 
tually received porcine valves as compared to mechanical valves, since 
it bothers me a bit when I see a series where 98% of the patients have 
received porcine valves. 

Certainly, this series indicates that the porcine valve continues to be 
an excellent yalve and may be the valve of choice, except in several 
situations. One would be in children, although there may even be certain 
children for whom a porcine valve is indicated. A second set of patients 
for whom a porcine valve is probably not indicated is hemodialysis pa- 
tients, and those with a small annulus, though certainly it is a clinical 
judgment as to whose annulus is too small. 

I would certainly like to thank the Association for the privilege of 
discussing this paper and again commend Dr. Spencer and his group on 
an excellent result. 


Dr. CHARLES H. HATCHER, JR. (Atlanta, Georgia): I, too, would like 
to congratulate Frank on a well-presented, very large series carefully 
analyzed. I think that his follow-up of 4-plus years is intriguing. There 
could not be a better time to report experience with porcine heterografts 
than a period of time of about that length. 

From now until perhaps the follow-up reaches 10 years, we will begin 
to see the number one problem of this valve. We at Emory have had a 
considerable experience with the porcine heterograft. We noted, as others 
have, that the deterioration begins after about 7 to 8 years. It still remains 
the valve of choice in our experience, and, as Frank mentioned, you can’ 
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offer patients a great likelihood of a trouble-free valve for the first 5 or 
so years, and that is very important to quite a number of patients. 

As far as durability is concerned, that issue has to be addressed by 
taking the patient into confidence, explaining to him the problems that 
might be created and the need for re-replacement of the valve at a later 
date. As Frank mentioned, patients will quite often, surprisingly so, in 
fact, elect to take the heterograft valve. 

As far as the Carpentier versus the Hancock valve is concerned, we 
have noted the same type of results that Frank reported. Originally, our 
experience was almost entirely limited to the Hancock valve. I think 
that at the time we reported our first thousand patients in about 1980- 
1981 some 90% of those replacements had been with Hancocks. That 
experience has shifted markedly so that at the present time 90-plus per 
cent of our porcine valves are of the Carpentier-Edwards type. The quality 
controls, I think, are a little better, and, for whatever reasons, they perform 
superiorly in man. 

As far as the percentage of mechanical versus tissue valves at Emory 
at the present time, it is about 80% in favor of the tissue valves. There 
was a period a couple of years ago when we first encountered this de- 
terioration at around the seventh, eighth, and ninth years during which 
we temporarily rethought our stance and said, “Maybe we have been 
too aggressive in the use of the tissue valve, and we are now running 
into some disasters. Maybe we should go back a little bit toward the 
mechanical valve and its durability.” But we then reintroduced problems 
we had forgotten. We began to get calls about patients having sudden 
death, anticoagulation difficulties, and so forth. Thus, once again, we, 
come down with the vast majority of the patients being given the tissue 
valve, 

Tissue valves are particularly applicable to indigent patients. At the 
Grady Hospitals, the Bellevues, the charity hospitals and so forth, it is 
reassuring to know that you are not asking patients to deal with such a 
formidable problem as the proper management of anticoagulation. 

We would also second the statement of the previous discussant that 
there is no ideal valve. 

It is necessary at the present time to give patients an enlightened choice. 
A surprisingly high percentage of patients will choose a tissue valve, and 
we continue to choose for those who cannot make up their mind a tissue 
valve in the majority of cases. 

Just a brief comment about why patients who have aortic and mitral 
valve replacement do better than patients who have only mitral valve 
replacement. 

We have noted that and commented on that through the years, Frank. 
Patients who have aortic disease have secondary changes in the left ven- 
tricle. It becomes enlarged and/or hypertrophied, so that it will accom- 
modate a mitral prosthesis better than a patient who has pure mitral 
disease with a small left ventricle. In fact, we have jokingly said that if 
we could create a little aortic disease, a little AI a year or two before a 
mitral valve replacement and do a double valve replacement, there would 
probably be a better long-term series. It is true that patients who have a 
little bit of aortic disease do have secondary changes in the left ventricle. 
I think that it makes it easier for them to tolerate mitral valve replacement. 

I congratulate Dr. Spencer. It was a pleasure to read his manuscript 
and to give this discussion on behalf of my colleagues. 


Dr. FRANK C. SPENCER (Closing discussion): I much appreciate the 
comments and questions. In responding, certain basic principles will 
also be reiterated. 

Reports concerning experiences with prosthetic cardiac valves should 
all be considered “interim reports,” describing the continuing search for 
the ideal valve. The two major hazards are thromboembolism and du- 
rability. It is especially important for the patient to understand these 
limitations because of the importance of long-term follow-up. A patient 
with a prosthetic valve is similar to a patient with diabetes; both have a 
disorder that requires periodic medical evaluation for their entire life. 
With adequate periodic surveillance, significant complications can often 
be detected and treated promptly. 

A key question in choosing a prosthesis is whether the patient can 
take warfarin safely. If uncertainty exists, certainly a tissue prosthesis 
should be employed. If an institution only inserts one type of prosthesis 
for all patients, this principle of selectivity is automatically excluded. In 
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this series, the choice of valve was made by the surgeon and the 
patient, resulting in the use of a tissue valve in 60-70% of the patients 
operated on. 

In response to specific questions, our experiences with metallic 
prostheses have been very good as long as warfarin therapy was carefully 
supervised. When reoperation has been done for failure of a tissue pros- 
thesis. a metallic prosthesis has usually been inserted. 

In interpreting the data in this report, it should be emphasized that 
the porcine prostheses were adopted only after other groups had reported 
more than 5 years of experience. The tissue prosthesis was adopted pri- 
marily to avoid the serious complication with warfarin. When metallic 
prostheses were used in all patients, serious or fatal complications from 
warfarin occurred as frequently as 1-2% of patients per year. 

Dr. Heath asked about how long the patients remained on anticoag- 
wants. Warfarin was normally recommended for 3 months and then 
stopped. Long-term decisions, however, were ultimately made by indi- 
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vidual physicians; thus, there was no consistent policy. A significant 
percentage of patients continued anticoagulant therapy indefinitely, as 
long as bleeding problems did not occur. 

Certainly, if any signs of thromboembolism occur after cessation of 
anticoagulant therapy, it should be restarted and continued for a long 
period of time. The simple fact that thromboembolism occurred only 
once in the vast majority of patients, and not two or three times in the 
same patient, probably indicates the effectiveness of anticoagulants. 

I cannot satisfactorily explain the high frequency of complications 
with the Hancock prosthesis. We initially favored the Hancock prosthesis 
as it was the first valve available and also because of a personal friendship 
with Warren Hancock, the developer. It has gradually become less pop- 
ular, probably because of the muscle bar or the large amount of cloth 
in the sewing ring. We were not aware of the significant long-term dif- 
ference in thromboembolic complications until these data were obtained. 

Thank you very much. 
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Controversy continues regarding the initial management of ci- 
vilian colon injuries. The main issues are the safety of colostomy 
versus the desirability of primary repair and the role of exterior- 
ized repair. From 1979 through 1984, 727 patients with injuries 
to the colon were treated at a large urban trauma center. Ninety- 


a ‘seven per cent of injuries were caused by penetrating wounds. 


ie, 


Ten patients died in the operating room prior to repair of the 
colon wound. For patients who survived long enough to have 
their injury treated, 52.4% were treated by primary repair, 32.9% 
were treated with colostomies, and 14.6% were treated with ex- 
teriorized repair. Of the factors that have been stated to influence 
decision making, the extent of the colon injury was the most 
important. Location, number, and type of associated injuries, 
fecal contamination, and shock were less important. However, 
none of these latter factors mandated performance of a colostomy. 
The overall mortality rate for the series was 9.9%. Forty-one 
out of 70 deaths occurred within the first 48 hours and were due 
to shock and hemorrhage. The mortality rate for primary repair 
was significantly lower than that for colostomies (p < 0.01). The 
presence of shock and age greater than 40 were significant factors 
influencing mortality (p < 0.01). Mortality also was directly re- 
lated to the number and type of associated abdominal injuries. 
Abdominal abscess also occurred significantly less often in pa- 
tients treated with primary repair than in those with colostomies 
(p < 0.01). The use of exteriorized repair was successful in 
avoiding colostomy in 59% of patients. Primary repair can be 
performed with minimal morbidity and mortality and should be 
the mainstay of treatment for civilian colon injuries. 


N 1943, a proclamation went out over all the lands 
occupied by the Army of the United States that the 
proper treatment for wartime wounds of the colon 

would include performance of a colostomy.! This edict 
was predicated on the facts that: (1) there were many sur- 
geons who did not have experience in the management 
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of war wounds; (2) most war wounds of the colon resulted 
from high velocity missiles that destroyed significant seg- 
ments of the colon, often surrounded by a severe blast 
effect; and (3) the patient often had to be transferred after 
the initial emergency therapy, and, if complications oc- 
curred en route, it might not be possible to manage them 
promptly. It is generally agreed that this edict resulted in 
a decrease in the mortality rate from colon wounds. 

Historically, most of the information concerning treat- 
ment of traumatic wounds was generated from wartime 
experience, and the knowledge gained from this experi- 
ence was frequently incorporated into the management 
of civilian wounds. The routine use of colostomy in the 
treatment of civilian colon injuries was questioned within 
a few years after the end of World War II’ for several 
reasons: (1) civilian wounds of the colon often resulted 
from low velocity missiles or from small knife wounds 
without any blast injury and with relatively small perfo- 
rations of the colon; (2) in many instances, treatment was 
by well-trained surgeons; and (3) the patient usually re- 
mained under the continued care of the operating surgeon 
and was not transferred. 

Members of our department have advocated the indi- 
vidualized treatment of colon injuries for over 25 years.** 
Controversy continues, however, and to document the 
results of our current management principles, a review of 
our experience from 1979 through 1984 was undertaken. 


Clinical Material and Methods 


From January 1, 1979, through December 30, 1984, 
914 patients with injuries to the colon and rectum were 
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TABLE 1, Distribution of 797 Colon Injuries in 727 Patients 
According to the Mechanism of Injury 








Gunshot Stab Shotgun 
Wound Wound Wound Blunt Other 
Location % % % % % 
Right colon 
N = 213 64.3 18.3 14.1 2.3 0.9 
Transverse colon 
N = 279 62.7 26.9 8.2 1.8 0.3 
Left colon 
N = 305 60.3 25.2 10.8 1.6 2.0 
Total 797 62.2 24.0 10.8 1.9 LI 





treated at Ben Taub General Hospital in Houston, Texas. 
One hundred nineteen patients had uncomplicated sero- 
muscular injuries that would have healed without oper- 
ative treatment and were excluded from this review: an 
additional 68 patients with injuries involving the rectum 
were also excluded. The remaining 727 patients with 797 
colon injuries with perforation or devascularization caus- 
ing necrosis constitute the subjects for this study. Males 
(89.1%) were injured more often than females (10.9%). 
The average age was 28.8 years, with a range of 4-88 
years. 

Penetrating injuries accounted for 97% of all injuries. 
There were 457 (62.9%) gunshot wounds, 58 (8.0%) shot- 
gun wounds, 188 (25.8%) stab wounds, 15 (2.1%) injuries 
caused by blunt trauma (automobile accidents), and nine 
(1.2%) injuries caused by unusual sexual practices or 
complications of therapeutic abortions performed at other 
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institutions. 


For purposes of localization, the colon was grouped 
into the right, transverse, and left colons. The hepatic and 


TABLE 2. Associated Injuries 





Small bowel 

Liver 

Lung 

Stomach 

Kidney 

Extremity 
Diaphragm 
Duodenum 
Pancreas 

Inferior vena cava 
Spleen 

Gall bladder 

Ureter 

Aorta 

Common iliac vein 
Bladder 

Superior mesenteric vein 
External iliac vein 
Heart 

Chest wall 

Common iliac artery 
Iliac artery 

Superior mesenteric artery 


Spinal cord 

Renal vein 

Iliac vein 

Uterus 

Neck 

External iliac artery 
Head 

Renal artery 
Ovary 

Testis 

Trachea 

Portal vein 
Internal iliac artery 
Esophagus 
Urethra 

Adrenal 

Appendix 

Brain 

Common bile duct 
Fallopian tube 
Penis 

Innominate artery 
Innominate vein 
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splenic flexures were included with the right or left (re- 
spectively) and not the transverse colon. There were 213 
injuries to the right colon, 297 injuries to the transverse 
colon, and 305 to the left colon. Sixty-eight (9.4%) patients 
had injuries to more than one location, resulting in a total 


of 797 colonic injuries. When all injuries to the colon are 


considered, the left colon rather than the transverse pre- 
dominated. Wounding agents were rather evenly distrib- 
uted throughout these three major locations (Table 1). 
Two subtle differences appear to be a slight decrease in 
the incidence of stab wounds and a slight increase in the 
incidence of shotgun wounds on the right side. The reason 
for these differences is not clear. Associated injuries were 
quite common, and, not surprisingly, the most commonly 
associated organ injured was the small intestine (Table 
2). The number of associated major vascular injuries was 
remarkable, with a total of 146. There were nine associated 
cardiac injuries. 

Shock was defined as being present when the blood 
pressure was recorded as below 80 mmHg systolic. Spe- 
cifically excluded were patients who had a transient drop 
in blood pressure with the induction of anesthesia. Time 
from wounding to operation was defined as the time from 
when the injury occurred to the time the knife cut the 
skin in the operating room. Statistics were performed with 
the chi square test. 


Treatment 


Initial patient management was usually performed by 
emergency medical technicians of the Houston Fire De- 
partment. Balanced saline solution was administered in- 
travenously during transfer. Obtunded or unconscious 
patients had airway protection and oxygen administration. 
On arrival in the emergency center, history and physical 
examination were performed expeditiously; chest, abdo- 
men, and single exposure intravenous (I.V.) pyelogram 
radiographs were obtained. Blood was drawn for complete 
blood count and blood typing. All patients sustaining 
truncal gunshot wounds, shotgun wounds, or penetrating 
stab wounds below the fifth intercostal space underwent 
prompt exploration. All patients received tetanus pro- 
phylaxis and preoperative antibiotics. During the last 5 
years of this study, antibiotics were administered on the 
basis of a randomized protocol. 

Operations were performed by the resident staff under 
the supervision of senior faculty. The abdomen was ex- 
plored through a long midline incision. All liquid blood 
and clots were promptly evacuated and hemorrhage con- 
trolled. Prevention of additional contamination from co- 
lon injuries was the next priority, and the colon wound 
was occluded with either sutures or clamps. The peritoneal 
cavity frequently was irrigated with warm saline to remove 
fecal contamination before further surgery was performed. 
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TABLE 3.’ Treatment of Colon Injuries in 727 Patients 











Treatment No. % 

Primary repair 376 51.7 

Simple closure 346 47.6 

Resection and ileocolostomy 21 2.9 

Resection and colocolostomy 9 1.2 
Colostomy 236 32.5 
Exteriorized repair 105 14.4 
None 10 1.4 
Total 727 100 





If simple suture of the colon injury was selected as the 
treatment, the wound was debrided as necessary. In many 
cases debridement was not required. An attempt was made 
to close all wounds in a transverse fashion to prevent nar- 
rowing of the lumen. Virtually all wound closures were 
performed in two layers, using 3-0 polyglycolic acid suture 
through all layers and interrupted 3-0 silk seromuscular 
sutures. 

At the completion of the operation, the abdomen was 


J irrigated with large quantities of warmed saline until the 


effluent was clear. This frequently required 5-10 liters. 
The last liter of irrigation solution contained | gram of 
kanamycin and 50,000 units of bacitracin. Colon injuries 
or repairs were never drained, although drainage was se- 
lectively used for other organ injuries (e.g., liver, pancreas, 
duodenum, and urologic injuries). Most abdominal 
wounds were closed using a running #1 polypropylene 
suture; retention sutures were used selectively. The skin 
was Closed selectively with a running 2-0 nylon suture or 
a running 3-0 polyglycolic acid subcuticular suture. The 
skin was closed primarily in 64% of patients; delayed pri- 
mary closure was performed rarely. Perioperative anti- 
biotics were administered by protocol for 48 hours and 
then discontinued. 

A wide variety of techniques were used to treat colon 
injuries (Table 3). “Primary repair” is used to describe 
three methods of treatment: simple closure, resection and 
ileocolostomy, and resection and colocolostomy. The term 
colostomy is used to describe a variety of procedures, in- 
cluding resection with end colostomy and mucous fistula, 
ileostomy and mucous fistula, exteriorization of the injury, 
repair with proximal colostomy, and Hartmann’s pro- 
cedure. Exteriorized repairs were performed with standard 
suture techniques and suspended on the abdominal wall 
with a nylon rod. An effort was made not to use this tech- 
nique with injuries of the mesenteric border because leak- 
age may be more likely to contaminate the peritoneal 
cavity. The repair was kept moist with saline dressings. If 
leakage occurred, a loop colostomy was created. If leakage 
had not occurred by the tenth postoperative day, the repair 
was replaced beneath the fascia and the fascia closed. The 
skin was always left open. 
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TABLE 4. Location of Wound According to Treatment in 651 Patients 
with Injuries to Only One Area of the Colon 








Trans- 
Right verse Left 
Colon Colon Colon 
N=186 N=223 N = 242 
Treatment % % % 
Primary repair 78.5 61.8 32.2 
Simple closure 64.5 60.5 31.8 
Resection and ileocolostomy 11.3 0.0 0.0 
Resection and colocolostomy 2.7 1.3 0.4 
Colostomy 15.6 27.8 ` 40.9 
Exteriorized repair 5.9 10.3 26.9 





Factors potentially related to the treatment of colon 
wounds were evaluated. These include location of the in- 
jury, the presence of shock, the time from wounding to 
treatment, the number and type of associated injuries, the 
extent of the colon injury, and the degree of fecal con- 
tamination; each of these will be dealt with separately. i 
Because of the complexity and paradoxes of multiple 
wounds requiring multiple treatments in divergent areas, 
a simplified table was constructed to describe the 651 pa- 
tients with injuries to only one colonic location (Table 
4). Primary repair was performed in all locations, although 
there was a distinct difference between the right colon 
(78.5%) and the left colon (32.2%). In part this is due to 
the fact that resection and ileocolostomy was not per- 
formed in the left colon. There was also an increase in 
the number of exteriorized repairs on the left side. No 
location, however, was considered a contraindication to 
simple closure. Stab wounds were far more frequently 
treated by simple closure than any other type of injury, 
and blunt injuries were most often treated by colostomy 
(Table 5). Gunshot wounds, by far the most common 
cause of colonic injury, were treated with primary repair 
in 47.4% of cases. Shotgun wounds were treated by pri- 
mary repair in 42.9% of cases. 


TABLE 5. Incidence of Wounding Agent According to 
Treatment in 727 Patients 











GSW °° SW SGW Blunt Other 
N=449 N=188 N=56 N=15 N=9 
Treatment % % % % % 
Primary repair 47.4 70.2 42.9 28.7 33.3 
Simple closure 42.5 69.1 35.7 13.3 33.3 
Resection and 
ileocolos- 
tomy 3.8 0.0 5.4 7.7 0.0 
Resection and 
colocolos- 
tomy : LI LI 1.8 7.1 0.0 
Colostomy 37.0 13.3 53.6 60.0 66.7 
Exteriorized repair 15.6 16.5 3.6 13.3 0.0 
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TABLE 6. Treatment of Colon Injuries in 171 Patients with Shock 
Preoperative 
Preoperative Intraoperative and 
Only Only Intraoperative 
N = 72 N = 30 N = 69 
Treatment F% % % 
Primary repair $8.3 23.3 40.6 
Simple closure 55.6 20.0 34.8 
Resection and 
ileocolos- 
tomy 2.8 3.3 5.8 
Resection and 
colocolos- 
tomy 0.0 0.0 0.0 
Colostomy 33.3 66.7 52.2 
Exteriorized repair 8.3 10.0 7.2 





One hundred seventy-one patients experienced shock 
in the preoperative or intraoperative period or both (Table 
6). Although the frequency of primary repair varied in 

„these critically ill patients, it was nevertheless performed 
commonly in all three shock categories. There were 533 
patients treated within 6 hours of wounding, 148 patients 
treated between 6-24 hours, and 13 patients treated 
greater than 24 hours after wounding (Table 7). Excluding 
the 10 patients who never received treatment and 23 in 
whom this time could not be accurately determined, there 
was virtually no difference in the distribution of the var- 
ious repairs between the <6-hour group and the >6-hour 
group. The “>24-hour” patients are interesting in that 
they did not attempt to seek medical treatment for at least 
24 hours after an injury had occurred. In some cases, this 
was as long as 4 days. All patients in this group presented 
with signs and symptoms of feculent peritonitis. In spite 
of this delay, three patients were still treated with primary 
repair. 

The severity of the colon injury was graded 1, 2, and 
3, using a grading system described by Flint et al. In 
addition, another category was created for those injuries 
that devascularized the colon or nearly transected it (Table 


TABLE 7. Time from Wounding to Operation for Various 
Treatments in 694 Patients* 
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TABLE 8. Management of “Extensive” Colon Injuries in 153 Patients 





% 





Primary repair 17.6 
Simpie closure 3.9 
Resection and ileocolostomy 10.5 
Resection and colocolostomy 3.3 

Colostomy 76.5 

Exteriorized repair 5.9 








<6 Hours 6-24 Hours >24 Hours 
N = 533 N = 148 N= 13 
Treatment % % % 
Primary repair 52.3 58.8 23.1 
Simple closure 48.4 54.7 15.4 
Resection and 
ileocolos- 
tomy 3.0 3.4 0.0 
Resection and 
colocolos- 
tomy LI 0.7 Ta 
Colostomy 33.6 23.0 53.8 
Exteriorized repair 13.9 18.2 23.1 





* See text. 


8). There were 153 patients in this category of “extensive” 
colon injuries. Only 3.9% could be treated by simple clo- 
sure and 76.5% required colostomy. Resection and ileo- 
colostomy as a form of primary repair was performed in 
10.5% of these patients. 

Fecal contamination was very difficult to grade because 
of its subjectivity. Nevertheless, there were 97 patients in 
whom the surgeon stated that extensive fecal contami- 
nation was present (Table 9). This group includes all 13 
patients who sought medical treatment greater than 24 
hours after wounding. Primary repair was employed in 
22.6% of these patients with simple closure, accounting 
for 8.2%, and resection in ileocolostomy 11.3%. In ad- 
dition, 56 (57.7%) of these patients also had colon injuries 
described as “extensive.” 

The number of associated abdominal organ injuries is 
a reflection of the overall seriousness of the wound and 
has been considered to be a factor determining the ap- 
propriateness of primary repair or colostomy (Table 10). 
Each abdominal organ was counted once, and each major 
abdominal vascular injury was counted once. There was 
a clear trend showing a decrease in the frequency of pri- 
mary repair accompanied by an increase in the frequency 
of colostomy with increasing numbers of associated organs 
injured. Nevertheless, primary repair was still accom- 
plished in all categories. Exteriorized repair was performed 
with a fairly equal distribution. The incidence with which 
specific organs were injured relative to treatment was also 
evaluated (Table 11). In each organ category, there was a 
slight increase in the frequency with which colostomy was 
performed compared to primary repair; however, there 
were no specific associated organ injuries that mandated 
colostomy. 


TABLE 9. Management of Colon Injuries Associated with Extensive 
Contamination in 97 Patients 





% 





Primary repair 20.6 
Simple closure 8.3 
Resection and ileocolostomy 11.3 
Resection and colocolostomy 1.0 

Colostomy 63.9 

Exteriorized repair 15.5 
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TABLE 10. Treatment of 717 Patients According to Number of Associated Abdominal Injuries* 
0 1 2 3 4 5 6 7 
N = 149 N = 265 N= 159 N=90 N = 39 .N=7 _N=7 N=1 
% % % % % % % % ` 
~~ Primary repair 61.7 54.3 50.9 46.7 30.8 28.6 42.9 0.0 
Colostomy 24,2 27.5 i 35.8 41.1 61.5 57.1 57.1 100.0 
Exteriorized repair 14.1 18.1 13.2 12.2 l 7.7 14.3 0.0 0.0 
* See text. 
Results group for a mortality rate of 5.8%, and 29 patients in the 
‘ late death category for a mortality rate of 4.1%. 
Mortality t egory ty 


Mortality rate is the ultimate determinant for success 
or failure of a given treatment. Therefore, the results of 
mortality have been studied in detail and correlated with 
suspected risk factors. Of the 727 patients treated’, there 
were 70 deaths. Ten patients exsanguinated in the oper- 
ating room prior to repair of the colon wound but after 
a colon injury was identified. Twenty-one patients were 
transferred to other hospitals prior to completion of their 


A” care at this institution. All of these patients had minimal 


injuries and were stable at the time of transfer. It is rea- 
sonable to presume that they all survived; however, follow- 
up was not available, and they are excluded from calcu- 
lations of mortality and complications. The overall 
mortality rate in the remaining 706 patients was 9.9%. 
Mortality was further subdivided into two groups, early 
and late. By definition, early deaths were said to occur 
within 48 hours of admission. All of these patients died 
of shock and exsanguination and are excluded from cal- 
culations of complications. There were 41 patients in this 


TABLE 11. Incidence of Specific Organ Injuries According 
to Type of Repair in 717 Patients* 








Duo- 
Liver Vascular Kidney denum Pancreas 
% % ka % % 
Primary repair 
N = 376 20.7 12.5 12.5 8.5 6.4 
Simple closure 
N = 346 19.9 12.4 12.1 8.1 6.4 
Resection and i 
ileocolos- 
tomy 
N = 21 23.8 19.0 23.8 19.0 4.8 
Resection and 
colocolos- 
tomy 
N= 44.4 0.0 0.0 0.0 11.1 
Colostomy 
N = 236 22.5 20.3 18.2 11.9 11.4 
Exteriorized 
105 16.2 7.6 20:0 5.7 2.8 





The mortality rate for each type of repair was tabulated 
(Table 12). The most significant difference in this table is 
the comparison of the late mortality rate for primary re- 
pair, 1.6%, and that for colostomy, 9.2% (p < 0.01). Since 
the existence or treatment of a colon wound has little 
bearing on whether a patient dies of shock or hemorrhage, 
a detailed analysis of the late deaths is of paramount im- 
portance (Table 13). There were four patients who ap- 
peared to die from irreversible shock following massive 
hemorrhage during this time, two at 2 days and two at 3 
days after admission. There were only 19 patients who 
possibly died of complications related to the colon injury 
or its treatment. Three occurred in the primary repair 
group, 15 in the colostomy group, and in one with an 
exteriorized repair. This yields a mortality rate of 2.7% 
for colon injury related deaths. 

The location for a particular injury also had a bearing 
on the mortality rate. Most fatalities (79%) had injuries 
in or around the right upper quadrant or were associated 
with injuries to the sigmoid colon. These 55 patients had 
associated major vascular injuries in 67% of cases. 

Mortality rates were determined relative to repair for 


TABLE 12. Mortality Rates According to ie of Repair 











in 696 Patients* 
Deaths 
Total Early Late 
Treatment % % % 
Primary repair 
N = 368 4.9 3.3 1.6 
Simple closure 
N = 340 5.0 3.5 1.5 
Resection and ileocolostomy 
= 19 ; 0.0 0.0 0.0 
Resection and colocolostomy 
N=9 11.1 0.0 11.1 
Colostomy 
N = 228 17.5 8.3 9.2 
Exteriorized repair 
= 100 2.0 0.0 2.0 
Total N = 696 8.6 4.5 4.2 
* See text. 
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TABLE 13. Treatment and Cause of Death in 29 Patients who Expired 48 Hours or More after Admission 
Primary Repair Colostomy Exteriorized Repair 
1 Fistula and sepsis (colocolostomy) 14 Multisystem failure and sepsis 1 Shock (2 days) 
1 Pulmonary aspiration 1 Myocardial infarction 1 Necrosis of transverse colon 
2 Shock (3 days) 
1 Cecal necrosis (blunt trauma) 1 Shock (2 days) 
1° Hemorrhagic pancreatitis 1 Brain inj 
1 Missed injury 1 Pulmonary embolus 
1 Midgut infarction 1 Necrosis of colostomy 
2 


Total 6 2t 








shocked patients (Table 14). The overall mortality rate 
for patients with preoperative shock was only 5.6%. This 
is in striking but not unexpected contrast to a mortality 
tate of 26.7% for those with intraoperative shock, or the 
mortality rate of 58.0% for those with shock occurring 
both before and during the operation. In all three shock 
categories, the mortality rates were lower for those patients 
` ‘treated by primary repair. 

Mortality rates were also consistently lower in those 
patients treated by primary repair, regardless of the elapsed 
time between wounding and operation (Table 15). Sur- 
prisingly, no deaths occurred in the patients treated with 
primary repair who were operated upon greater than 6 
hours after wounding. 

As has been consistently shown previously, morta‘ity 
is directly related to the number of associated injuries 
(Table 16). Finally, patients over the age of 40 years had 
a mortality rate of 20.7%, almost three times that of youn- 
ger patients, 7.4% (p < 0.01). 


Complications 


Complications related to the pulmonary system we2re 
the most commonly encountered (Table 17). Four com- 
plications considered to be potentially related to the colon 
wound were analyzed separately (Table 18). These include 
abdominal abscess, fever of unknown origin, wound in- 
fection, and fecal fistula. For the purpose of this study, 
the term, “fever of unknown origin,” is not used in the 


usual sense but used rather to define the complication in 
a group of individuals who had prolonged fever with no 
identifiable source, such as atelectasis, phlebitis, urinary 
tract infection, cr other discernible cause. These patients 
had a prolonged hospital stay and were treated with an- 
tibiotics. It is most likely that this diagnosis represented 
a degree of peritoneal cellulitis that never developed into 
an abdominal abscess. The overall rate of abdominal ab- 
scess formation was 9.0%, fever of unknown origin oc- 


curred in 4.8% of patients, wound infection in 4.7%, and ` 


fecal fistula in 1.1%. Abdominal abscess occurred almost 
three times as often in patients treated by colostomy as 
compared to those with -primary repair (p < 0.01), and 
more than twice as often in patients with shock, 15.4%, 
compared to those without shock, 7.4% (p < 0.01). Wound 
infections were distributed relatively equally throughout 
the patients, with the notable exception of a very high 
incidence in those treated by ileocolostomy, 31.6% 
(p < 0.01). 

Of great interest is the low frequency of fecal fistula in 
patients treated by simple closure. This occurred in only 
three (0.9%) patients. This rate is actually lower than the 
incidence of fecal fistula in patients treated by colostomy 
(1.4%). Of the three patients who developed fecal fistula 
following simple closure, two appeared after the drainage 
of an intra-abdominal abscess and closed spontaneously. 
The third occurred in a patient who received a gunshot 
wound to the midtransverse colon, liver, and lung. This 
patient was in shock before and during surgery, lost 14 


TABLE 14. Treatment of Colon Wounds in 171 Patients with Shock and Associated Mortality Rates 





Preoperative Only 








Preoperative and 








Intraoperative Only Intraoperative Total 
Mortality Mortality Mortality Mortality 
Treatment No. Rate % No. Rate % No. Rate % No. Rate % 
Primary repair 42 2.4 7 14.3 28 53.6 77 22.1 
Colostomy 24 12.5 20 35.0 36 63.9 80 41.3 
Exteriorized repair 6 0.0 3 0.0 5 40.0 14 14.3 
Total 72 5.6 30 26.7 69 58.0 171 30.4 





~ 
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TABLE 15. Mortality Rates for Various Treatments According to 
Time from Wounding to Operation in 696 Patients* 








<6 Hours 6-24 Hours >24 Hours 
Treatment % % % 
~~ Primary repair 6.4 0.0 0.0 
Simple closure 6.6 0.0 0.0 
Resection and . 
ileocolostomy 0.0 0.0 0.0 
Resection and : 
colocolos- 
tomy 16.7 0.0 0.0 
Colostomy 18.4 5.8 14.3 
Exteriorized repair 2.7 0.0 0.0 





liters of blood, received autotransfusion of contaminated 
blood, and required a right hepatic lobectomy for control 
of hemorrhage from the liver. After operation, this patient 
developed an abdominal abscess and the fistula was dis- 
covered during the re-exploration; it was treated with co- 
lostomy. Although hospitalization was prolonged (27 


J days), the patient survived and subsequently had his co- 


lostomy closed. 

Special complications are associated with the construc- 
tion of a colostomy (Table 19). Of the eight patients who 
developed stomal necrosis, five occurred in a mucous fis- 
tula and did not require reoperation. Three patients with 
necrotic colostomies did require reoperation; one of these 
patients developed an abdominal abscess and died of sepsis 
and multisystem failure. All other colostomy complica- 
tions required reoperation. The overall complication rate 
related to performing colostomies was 6.2%. 

Unique complications also occurred in the patients 
treated with exteriorized repair (Table 20). The most 
common complication was obstruction, occurring in six 
patients. Three of the six patients with obstruction had 
relief of obstruction with replacement of the exteriorized 
repair and did not require colostomy. Remarkably, seven 
out of the 11 patients with complications of the exterior- 
ized repair were able to have the repair replaced within 
the abdominal cavity and avoided colostomy. Failure of 
the exteriorized wound to heal was not considered a com- 
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plication. The overall success rate of the exteriorized repair 
was 59 out of 100 cases (59%). 

The length of stay for patients who survived treatment, 
excluding those transferred to other institutions, was dif- 
ferent for the three major groups of repairs. For those 
patients treated by primary repair, this averaged 13.0 days, 
for colostomy, 21.5 days, and for exteriorized repair, 17.5 
days. The length of stay for primary repair patients was 
significantly shorter compared to the other two groups of 
patients (p < 0.01). 

The creation ofa colostomy in a trauma patient requires 
its subsequent closure. Failure to include morbidity and 
mortality for this second operation minimizes these factors 
for what is, in its own right, a morbid procedure. Of the 
227 patients with colostomies or unsuccessful exteriorized 
repairs, some have had colostomy closures at other insti- 
tutions, some have never returned for closure, and others 
are awaiting closure. Of the 99 colostomies closed at this 
time, there were 55 loop colostomies, 39 end colostomies 
with mucous fistulae, and 5 Hartmann procedures. There 
were no deaths. One patient developed a fecal fistula and 
four wound infections occurred. The fecal fistula required 
colostomy for treatment and has subsequently been closed 


successfully. The average postoperative stay was 6.8 days. - 


Changes occurred in the frequency with which various 
procedures were performed during the study period (Table 
21). In general, the frequency of primary repair increased 
and the frequencies of colostomies and exteriorized repairs 
decreased. From 1980 through 1984, the mortality rate 
decreased each year from 12.5% in 1980 to 6.7% in 1984. 


Discussion 


British military surgeons during the first World War 
and in the early part of the second World War were ad- 
vocates of primary repair of colon injuries.° Nevertheless, 
it was a British surgeon’ as well as the Surgeon General 
of the United States! whose powerful statements pro- 
claimed the necessity for colostomy in the treatment of 
colon injuries during wartime. These dicta clearly and for 
many years had an impact on the treatment of civilian 
injuries in spite of studies such as that of Woodhall and 


TABLE 16. Mortality Rates According to Number of Associated Abdominal Injuries in 706 Patients* 




















Number of Associated Injuries 
0 1 2 3 5 6 7 8 
N = 146 N = 260 N = 156 N = 88 N = 38 N=9 N=7 N=1 N=1 
No. % No. % No. % No. % No. % No. % No. % No. % No. % 
1 0.7 10 3.8 21 13.5 14 15.9 13 34.2 6 66.7 3 42.9 I 100 i 100 








. 
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TABLE 17. Miscellaneous Complications in 665 Patients* 








No. % 
Atelectasis 126 18.9 
Adult respiratory distress syndrome 26 3.9 
Acute renal failure 26 3.9 
Pneumonia 19 2.9 
Phlebitis 18 2.7 
Small bowel obstruction 18 27 
Postoperative abdominal hemorrhage 16 2.4 
Urinary tract infection 15 2.3 
Acute cardiac failure 6 0.9 
Dehiscence 6 0.9 
Diffuse gastric hemorrhage 5 0.8 
Catheter sepsis 4 0.6 
Heus 4 0.6 
Acute hepatic failure 3 0.5 





* See text. 


Ochsner.” The civilian literature has seen the pendulum 
swing from disapproval for primary repair® to 


* « enthusiasm!!! several times. In spite of over 50 articles 


published on this subject since the end of World War II, 
the controversy seems no closer to resolution today. Al- 
though some devastating injuries must be treated, the 
majority of civilian injuries bear little resemblance to those 
that occur in the military theater. '? In this series, the com- 
plication rate directly related to the injury or its treatment 
was higher in the colostomy group. Furthermore, the late 
mortality rate was also higher in this group. These patients 
had, in general, more severe injuries, as evidenced by more 
blood loss (3.3 vs. 1.4 L), and required longer operations 


TABLE 18. Complications Possibly Related to the Treatment 
of the Colon Wound* 





Fever of Un- 
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TABLE 19. Stomal Complications Occurring in 209 Patients 
Treated by Colostomy* 








Reoperation 
Required 

Complication No. % No. % 
Stomal necrosis 8 3.8 3 37.5 

Peristomal evisceration 3 1.4 3 100 

Stomal obstruction I 0.5 l 100 

Peristomal abscess 1 0.5 1 100 
Total 13 6.2 8 61.5 





* Excludes 19 patients who died of shock and exsanguination and 
eight patients transferred to other hospitals. 


(3.9 vs. 2.9 hours) as compared to the simple closure 
group. Because of these factors, we analyzed our data to 
identify deaths that could be the result of the modality of 
treatment. Excluding the missed injury, we could find 
only three such deaths in the entire series. There was no 
such patient in the simple closure group. There was one 
death among the patients treated by resection and colo- 
colostomy, one in the colostomy group, and one in the 
exteriorized repair group. 

We disagree with those who maintain that suture clo- 
sure should not be used in the presence of shock. To the 
contrary, we recognize a group of patients with severe 
injuries who have massive hemorrhage, hypothermia, and 
coagulopathy in whom it is important to close the ab- 
domen as rapidly as possible in order to rewarm and to 
correct the coagulopathy. Simple suture of small wounds 
may be the most appropriate therapy for avoidance of 
another incision and may save blood loss and time. 

The most important prognostic factor was shock 
(p < 0.01); 62 of 70 (89%) of all patients who died were 














Abdominal Jn Wound Fecal in shock at some time before or during their operation. 
Abscess known Origin Infection Fistula The other important identifiable factors were age over 40 
Treatment % % % To i 
years (p < 0.01) and the number and complexity of as- 
Primary repair sociated injuries. 
may AN 5.3 3.3 4.5 L1 Comparisons between morbidity and mortality of this 
N = 328 5.2 3.0 30 0.9 series and other series are difficult because exclusions or 
Resection and 
ileocolos- 
tomy TABLE 20. Complications of the Exteriorized Repair in 100 Patients* 
N = 19 5.3 5.3 31.6 0.0 
Resection and Successfully 
colocolos- Replaced 
tomy 
N=9 Hal Hl 0.0 PEI Complication No. % No. % 
Colostomy 
N = 209 16.7 7.2 5.3 E4 Obstruction 6 6.0 3 50 
Exteriorized repair Abscess 2 2.0 2 100 
N = 100 6.0 5.0 4.0 0.0 Evisceration 2 2.0 2 100 
Necrosis 1 1.0 0 0.0 
Total 
N = 665 9.0 4.8 47 Li Total i] 11.0 7 63.6 
* See text. * Excludes five patients transferred to other hospitals. 
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TABLE 21. Change in the Incidence of Treatments during the Study Period 
1979 1980 1981 1982 1983 1984 
N= 117 N = 120 N = 130 N = 147 N = 137 N = 76 
Treatment % % % % % % 
Primary repair ; 40.2 38.3 45.4 55.8 66.4 65.8 
Simple closure 35.9 35.8 40.8 49.7 62.8 63.2 
Resection and ileocolostomy 4.3 1.7 3.8 3.4 1.5 2.6 
Resection and colocolostomy ° 0.0 0.8 0.8 2.7 2.2 0.0 
Colostomy 36.8 44.2 33.8 31.3 21.2 27.6 
Exteriorized repair 23.1 16.7 20.0 10.2 9.5 5.3 
None ; 0.0 0.8 0.8 2.0 2.9 1.3 





inclusions of patients are not always clearly defined. For 
example, when patients who sustained injuries to the se- 
romuscular layer of the colon are included, the mortality 
rate will be low. Furthermore, many studies elect to ex- 
clude all patients who die of shock or hemorrhage pro- 
ducing an artificially low mortality rate. 

Some studies do invite comparison. Flint et al.° devel- 
oped a grading system for colon injuries based on the 
degree of contamination, the number of associated organ 
injuries, shock, and time between injury and operation. 
Using these criteria, we had only 5% grade | injuries (the 
least severe), 66% grade 2, and 29% grade 3 (the most 
severe), compared to 16% grade 1, 74% grade 2, and 10% 
grade 3 reported in their series. These differences could 


- reflect error in interpretation of the grading scheme or 


reflect true differences in the nature of the injuries in our 
patients. The mortality rates in these groupings for our 
patients were 0.0%, 5.4%, and 17.8%, respectively, com- 
pared to 4%, 3%, and 25% reported in their series. The 
septic complication rates in our patients were 6%, 14%, 
and 23% for grades 1~3 and were 0%, 20%, and 31%, 
respectively, for those same complications reported by 


` Flint et al. Grade 2 injuries in their study were considered 


a contraindication to primary repair; however, 67% of the 
grade 2 patients in our study were treated by primary 
repair. 

An important prospective study was reported by Stone 
and Fabian.'! These authors selected a group of good risk 
patients for randomization for primary repair or colos- 
tomy. Criteria for entry into the randomized study in- 
cluded the following: the absence of preoperative shock, 
less than 1000 ml intraperitoneal blood loss, less than two 
intra-abdominal organ systems injured, insignificant 
peritoneal soilage by feces, less than 8 hours between in- 
jury and treatment, absence of such an extensive colon 
injury as to require resection, and no major abdominal 
wall loss requiring mesh replacement. In this group, Stone 
and Fabian reported a 1% mortality rate and an intra- 
peritoneal infection rate for primary repair of 15% and 
for colostomy of 29%. In our study, we were able to iden- 


` tify 252 such patients. In our patients, the mortality rate 





was 0.8%. If we include all patients with intra-abdominal 
abscesses, those with fever of unknown origin, and those 
with fecal fistulae, the comparable intraperitoneal infec- 
tion rate was 6%. In these patients, we performed 70% 
primary repair, 16% colostomies, and 14% exteriorized 
repairs. Of even greater interest is the fact that, in the 
group Stone and Fabian identified for mandatory colos- 
tomy, 42% of our patients were treated with primary re- 
pair. 


Conclusions 


Mortality in patients sustaining injuries to the colon is 
related to the presence of shock, number and type of as- 
sociated injuries, and the age of the patient. Barring tech- 
nical errors, the mortality rate is not related to the type 
of repair. The overall mortality and morbidity for patients 
treated with primary repair is lower than that for those 
treated with colostomy. Exteriorized repair in selected pa- 
tients remains a useful technique, but only when the colon 
can be closed primarily and the surgeon is concerned 
about the security of the repair. Primary repair should be 
the mainstay for the treatment of civilian colon injuries. 


Acknowledgment 


We would like to thank Candace Jefferson for her technical assistance 
and invaluable secretarial help. 


References 


1. Office of the Surgeon General, Circular Letter No. 178, October 23, 
1943. 

2. Woodhall JP, Ochsner A. The management of perforating injuries 
of the colon and rectum in civilian practice. Surgery 1951; 29: 
305-320. 5 

3. Pontius RG, Creech O, DeBakey ME. Management of large bowel 
injuries in civilian practice. Ann Surg 1957; 146:291--295. 

4. Beall AC, Bricker DL, Alessi FJ, et al. Surgical considerations in the 
management of civilian colon injuries. Ann Surg 1971; 173:971- 
978. 

5. Flint L, Vitale G, Richardson D, Polk H. The injured colon: rela- 
tionships of management to complications. Ann Surg 1981; 193: 
619-623. 

6. Gordon-Taylor G. War wounds and air raid casualities: the abdom- 
inal injuries of warfare—Il. Br Med J 1939; 2:235-238. 


* 


710 


7. Ogilvie WH. Abdominal wounds in the western desert. Surg Gynecol 
Obstet 1944; 78:225-238. 

8. Steele M, Blaisdell W. Treatment of colon injuries. J Trauma 1977: 
17:557-562. 

9. Cook A, Levine B, Rusing T, et al. Traditional treatment of colon 
injuries: an effective method. Arch Surg 1984; 119:591-594, 

10. Nallathambi M, Ivatury R, Shah P, et al. Aggressive definitive man- 
agement of penetrating colon injuries: 136 cases with 3.7 per cent 
mortality. J Trauma 1984; 24:500-505. 


BURCH AND OTHERS 


Ann. Surg. + June 1986 


11. Shannan F, Moore E. Primary repair of the colon: when is it a safe 
alternative? Surgery 1985; 98:85 1-860. 


12. Wilson H, Sherman R. Civilian penetrating wounds of the abdomen. 
I. Factors in mortality and differences from military wounds in 
494 cases. Am Surg 1961: 153:639-647. 


13. Stone H, Fabian T. Management of perforating colon trauma: ran- 
domization between primary closure and exteriorization. Ann 
Surg 1979; 190:430-436, 





DISCUSSION 


Dr. J. DAVID RICHARDSON (Louisville, Kentucky): We presented a 
series of colon injuries at this meeting 4 years ago, and in that meeting 
Lewis Flint from our institution presented a method of grading patients 
with colon injuries in which we tried to make the same point, I think, 
that Dr. Jordan has made today. That is that it is possible to individuatize 
patients with colon injuries for different types of treatment. 

We did feel that primary repair was a good thing to be done for some 
patients, but we must admit that we were much more conservative than 
the Houston group in the use of primary repair. I think we used primary 
repair on actually a little bit less than 15% of the patients whom we 
treated. 

We chose not to do primary repair if the patient was unstable. By 
unstable we meant if they were in shock on the operating table or had 
had a difficult preoperative resuscitation, if they had significant multisys- 
tem injuries that needed to be treated, or if they had a mesenteric injury. 
Furthermore, we wanted to treat the injury promptly, and we used a 
time frame of around 6 hours and specified that there be no severe fecal 
contamination. Basically, we held all of these things to be important as 
criteria that we could teach our residents to apply in some kind of uniform 
fashion. 

We see in the report from Ben Taub that a number of the principles 
we espoused do not seem to be as important as we might have believed, 
We had no morbidity and no mortality from doing primary repair in 
what I would call a very conservative situation. It may be that we were 
too conservative, and | do think, in fact, that we probably have liberalized 
our use of primary repair somewhat. 

The only problem that I had with this excellent manuscript was trying 
to get a handle on what are the elements of good judgment that allowed 
you to do a primary repair in some patients with severe fecal contami- 
nation and do colostomy in another group. What are the elements that 
allowed you to do exteriorization versus primary repair versus colostomy 
in patients who had delayed treatment? 1 would be interested in some 
details about your extensively injured group as well. 

I want to comment briefly on our experience with exteriorization of 
the colon. I think that there is no question that this will work with many 
patients who have colon injuries. I must say, though, that we really have 
not been satisfied with it because of issues regarding the timing of when 
one returns the colon to the abdomen. Many of these patients develop 
serositis, the colon really does not appear healthy, and many patients 
develop obstructive symptoms before we really feel that it is time to drop 
the colon back in. Because of these factors, we have almost abandoned 
the use of exteriorization. I noted from the manuscript that you wait 10 
days before returning the colon to the abdomen. | am surprised that this 
works. | would take issue with one statistic related to exteriorization. In 
the cases that broke down and were converted to a colostomy, | would 
have to consider that a failure of the method. 

I enjoyed this excellent paper. Thank you for the privilege of the floor. 


Dr. M. Victoria GERKEN (Jackson, Mississippi): The charts of 2000 
patients admitted to the University of Mississippi Medical Center Trauma 
Service since 1980 were reviewed with findings of 147 large bowel injuries 
for an occurrence rate of 7.4%. One hundred six of these injuries, or 
72%, were incurred as a result of gunshot wounds. Nine patients had 
been injured by shotguns and one by a high-speed rifle. Fifteen patients 
were the victims of stab wounds, yielding a total penetrating trauma rate 


of 89% of our colon injuries. Twelve colon injuries were the result of 
motor vehicle accidents. The remaining four cases were the result of falls 
and blunt instrument injuries. 

In 36 cases, or 25%, the colon was the only intra-abdominal organ 
injured. There were associated small bowel injuries in 49% of our cases, 
stomach injuries in 20%, and liver injuries in 11%. Associated splenic 
injuries occurred in only 5% of our patients. Urologic injuries were found 
in 20% and neurologic injuries were associated in 6% of our cases. Bony 
fractures were seen in 13% and associated thoracic injuries were noted 
in 27 of our 147 patients. 

In 44 of our patients or 31%, a colostomy was performed proximal 
to a repaired or resected injury. In 64 patients (44%), the injured segment 
was exteriorized. Thirty-three patients underwent colon resection without 
colostomy. Five patients died on the operating table before the colon 
injury could be definitively treated. 

Only one of the 142 patients surviving the initial operation required 
drainage of a subphrenic abscess. This patient had sustained a gunshot 
wound to the abdomen and had other intra-abdominal injuries including 
small bowel injuries necessitating resection. This patient ultimately sur- 
vived. 

Of the 147 patients in this series sustaining colon injuries, 14 died, 
for a total mortality rate of 9.46%. 

The factors that enter into the decision regarding primary repair versus 
colostomy are numerous. The degree of fecal contamination, the location 
of the injury, and the general condition of the patient all require critical 
judgment by the surgeon. 

In our institution, we have been much more conservative in our de- 
cision either to perform a colostomy or to exteriorize the wound. We 
have been rewarded with a lower incidence of intra-abdominal abscesses: 
however, our mortality rate is essentially the same as that of the authors, 

I have two questions for the authors. First, does the type of associated 
intra-abdominal injuries influence your decision to perform a colostomy? 
For example, in the presence of a major pancreatic or duodenal injury 
where there is a significant incidence of postoperative fistulas, would you 
be more likely to exteriorize? 

In the patient with multisystem injuries, would you now be more 
likely to repair primarily a simple colon injury in an attempt to expedite 
the surgery? 

I thank the Association for the privilege of discussing this clinically 
significant paper. 


Dr. H. HARLAN STONE (Baltimore. Maryland): This, indeed is a mar- 
velous manuscript. It is a great review of probably the largest series of 
colon wounds that has ever appeared and hopefully that will ever appear. 

Today, the major question to be answered is: When and when not 
can a primary repair of the colon wound be done? Experience has sug- 
gested that there are perhaps seven crucial factors. However, on more 
detailed review, | would have to agree with Doctor Jordan that probably 
the single most significant factor is the presence of already established 
infection. A massive fecal contamination of short duration, such as only 
a few hours, is equal to a major fecal contamination that has been present 
for a day or two. 

We also could find no correlation whatsoever with outcome of the 
colon wound alone with respect to other factors such as number of organs 
injured, amount of hemorrhage, depth or duration of shock, or how 
destructive the colon wound happened to be. However, as Dr. Jordan 
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pointed out, these are crucial with respect to survival of the patient. 
Death is rarely due to the colon wound. It is the associated injuries that 
account for fatalities. 

(Slide) We could find absolutely no difference in rate of infection 
within the surgical incision between patients who had been randomized 
to colon wound closure versus an obligatory colostomy. What was sig- 
nificant was whether a drain was in place. (Slide) This was particularly 
true for the intra-abdominal infection rate. In other words, presence of 
a drain almost guaranteed that an intra-abdominal infection. would occur, 
particularly in patients who had liver wounds drained with a colostomy 
in the vicinity. Thus, one question is: Was any relationship found between 
postoperative infection and the use of a drain? 

(Slide) Secondly, we could not find any difference in survival for those 
patients who had been randomized to colon wound closure or had been 
randomized to colostomy. We did note, however, that many of these 
patients had problems with their colostomy, regardless of whether the 
wound was exteriorized as a colostomy or there was a proximal colostomy. 
In fact, all patients with a colostomy had a far greater morbidity because 
of that colostomy than apparently would have occurred otherwise, that 


„is, if they had undergone primary closure of the colon wound. 


In addition, the loop colostomy is somewhat difficult to control, (Slide) 
and we prefer an end stoma colostomy whenever possible. This is one 
of the reasons that we choose not to attempt a delayed return of the 
repaired colon to the abdomen, for, if it fails, the resultant colostomy is 
a loop. s 

I enjoyed this paper very, very much. Thank you. 


Dr. JON M. BURCH (Closing discussion): Dr. Richardson, the elements 
of good judgment are complex. We do not feel that contamination per 
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se is a critical factor in determining whether we do a particular procedure 


.or another. However, we did find that of those patients who had extensive 


colon injuries, 36% also had extensive contamination, whereas of the 
patients who did not have extensive colon injuries, only 7% had extensive 
contamination. We feel that there is a relationship there. We defined 
extensive damage to the colon as being an injury that caused devascu- 
larization requiring resection or as a near transection of the colon. 

The exteriorized repair is a technique that we have utilized less fre-- 
quently during the 6-year study period. In 1979, about 30% of all our 
repairs were exteriorized repairs. This fell to only a few per cent during 
1983 and 1984. I believe that we are feeling increasingly confident with 
primary repair, particularly in the left colon. 

Dr. Gerken, I cannot explain why our abscess rate is higher than yours, 
and I certainly must compliment you on these excellent results. Associated 
injuries, in fact, any particular organ injury, do not mandate a colostomy 
in our experience. We have no reluctance to perform a simple closure 
or a resection and ileocolostomy with any associated organ injury in- 
cluding liver, pancreas, kidney, duodenum, or other injury that may 
require drainage. . 

In response to Dr. Stone’s questions, we have not used drains for any 
colon injuries to my knowledge in these cases. I cannot tell you, therefore, 
if they increase the infection rate, but I would not be surprised if they 
did since they provide a route for bacteria to get in just as easily as for 
bacteria to get out. 

I do not believe that we have any greater difficulty with managing or 
closing the colostomies that result from exteriorized repairs than we do, 
from a loop colostomy that is created as a result in an exteriorization of 
an injury. My personal preference is an end colostomy and the majority 
of colostomies performed in these patients are end colostomies associated 
with mucous fistulae. 
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In November 1973, Cliff Shaw was stricken with 
cancer. 

Fortunately, it was detected early enough. And with 
surgery, Cliff was able to continue living a healthy, active life. 

There was a time when such a diagnosis was virtually 
hopeless. 

But today, cancer is being beaten . Ov er the years, we’ve 
spent $500,000,000 in research. And we've made great 
strides against many forms of cancer. 

With early detection and treatment. the survival rate 
for colon and rectal cancer can be as high as 75%. Hodgkins 
disease, as high as 74%. Breast cancer, as high as 90%. 

Today, one out of two people who get cancer gets well. 

Its a whole new ball game. 
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Medical Book Award in the Physician’s Category 


“...extremely well-written, readable, and highly informative of the state-of-the-art 
of colon and rectal surgery...exceptional...'’—* Diseases of the Colon and Rectum 











Helps you manage all aspects of diseases 
and surgery of the anus, rectum and colon 


COLON AND RECTAL SURGERY is a comprehensive and 
abundantly illustrated text/atlas providing an organized 
approach to the diagnosis and treatment of the more 
common conditions affecting the anus, rectum and colon. 
Many esoteric and unusual problems are also discussed: and 
each chapter contains an extensive bibliography directing you 
to further study. 


“. , . uniform excellent quality throughout. . . The extensive 
illustrations, some of which are in color, are extremely heiptul. 
The bibliography is unusually complete and contains many ret- 
erences to recent articles. The author is to be congratulated for 
the wealth of material that he has been able to encompass in this 
one volume . . .”'—The New England Journal of Medicine 





Unique single authorship 

. . . insightful commentaries 

The single authorship, unique in so comprehensive a text, 
allows Dr. Corman to emphasize procedures for which he has 
considerable clinical experience, and to offer insightful 
commentaries placing concepts into their proper perspective. 


“. . . itis refreshing to be exposed to the perspective of a 
mature and experienced colon and rectal surgeon who has added 





the personal touch to a surgical text in good taste, regardless of 
whether the reader agrees with the conclusion. . .”’ 
— Diseases of the Colon and Rectum 


A superior atlas of surgical techniques 


Every chapter is packed with superb illustrations of surgical 
techniques, showing exactly what you need to know about the 

full range of colon and rectal conditions. 16 full-color 

illustrations show the appearance of various conditions such 

as ulcerative colitis, melanosis coli, pruritus ani, and 

extramammary Paget's disease. Sharp x-rays, photomicro- 

graphs, and tables amplify the text. oa 


“. . . more completely enhanced with photographs, drawings, 


and roentgenograms than any other textbook on the market. . ."’ 
—Mayo Clinic Proceedings 


Other important features 


a emphasizes reconstructive anorectal surgery—for which 
Dr. Corman is well known 


a fully covers management of cancer and inflammatory 
bowel disease 


a describes in clear and precise detail complex anorectal 
and colon operations 

a contains in-depth discussions of incontinence, ostomy 
complications and their management, and dermatologic 
anal problems. 
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reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The 
average line will be 40 characters. 


Box Numbers: Replies may be directed via Box # to 
J.B. Lippincott Company, at an extra charge per Insertion 
of $6.50 to cover handling costs in forwarding such 
replies to the advertiser. 


How to Order: Send typewritten text copy for the ad 
with remittance in full to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kim McLean 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4280 


Deadline: Copy received by the 15th of month will run 
in the second following month’s issue, e.g. November 
15th for January issue. Ads received after the 15th will run 
in the next available issue. 








The community of Artesia, New Mexico is seeking a General 
Surgeon to establish a private practice. Fully-equipped office 
with established referral patterns available for purchase. 
Community-based financial assistance may be available to the 
right individual. Family-oriented community with year-round 
recreation. Submit CV to: BiB Norris, Southwest Community 
Health Services, P.O. Box 26666, Albuquerque, NM 
87125-6666. 





PREGNANT 
MOTHERS: 
PLEASE 
DON'T SMOKE! 


Here are three good reasons to quit 
smoking now: 

1 Smoking retards the growth of 
your baby. 

2 Smoking increases Infant mortality. 
3 Your family needs a healthy mother. 
Don't smoke. 

Fer your baby’s sake. 

And yoors. 
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DIRECTOR, SURGICAL INTENSIVE CARE UNIT—The 
Department of Surgery, Denver General Hospital in coopera- 
tion with the Department of Surgery in the School of Medicine 
at the University of Colorado Health Sciences Center, is seeking 
a surgeon experienced in critical care. Candidates must be 
Board eligible in general surgery. Preference for selection will be 
given to candidates with research experience. The academic 
position will be as an Assistant or Associate Professor of 
Surgery. Salary is negotiable. Minorities and women are 
encouraged to apply. The City and County of Denver is an 
equal opportunity/affirmative action employer. Deadline for 
application is 30 May, 1986. Send curriculum vitae and 
bibliography to: Ernest E. Moore, MLD., Chief, Department of 
Surgery, Denver General Hospital, 777 Bannock Street, 
Denver, Colorado 80204-4507, (303) 893-7045, 


VERY ACTIVE PLASTIC SURGERY CORPORATION 
FOR SALE. New, refumished, office equipment, accounts 
receivable. Office has ocean view in Corpus Christi. Call George 
Ann Harpoke for details at (512) 883-7501. 


General Surgeon — Sunbelt hospital, medical staff of thirty-six 
physicians located in a community of 40,000 is seeking board 
eligible/ certified specialist to locate in November of 86. Finan- 
cial assistance and partnership opportunities available. Located 
one hour from Atlanta metro plex. Please forward your inquiry 
and curriculum vitae to: Howard D. Clem, Sr., Administrator, 
4800 - 48th Street, Valley, Alabama 36854. 





GENERAL SURGEON, BC U.S. trained, wanted to take over 
independent practice of senior surgeon retiring because of 
health. Support from 5 certified colleagues (3 IM, ! Ped, ! 
Orth). Attractive start-up inducements. Send CV for further 
details to: C.R. Openshaw, 2020 North Waldron, Hutchinson, 


` Kansas 67502. 


CHAIRPERSON, DEPARTMENT OF SURGERY—-The 
Permanente Medical Group is taking applications for the posi- 
tion of chairperson for the Department of Surgery at our 
Oakland Medical Center. The Oakland facility is a 330-bed 
acute care teaching hospital with a five-year general surgery 
residency program. The Surgery Department is composed of 
seven board certified general surgeons; two having completed 
vascular fellowships. Interested candidates must be board certi- 
fied and prior experience with resident training programs 
preferred. Please send curriculum vitae to: Richard Brown, 
M.D., Chairman, Search Committee, Kaiser Permanente Medi- 
cal Group, Inc., 280 W. MacArthur Blvd., Oakland, California 
94611. ` 


General/Thoracic/Peripheral Vascular surgeon, BC/BE, to 
immediately join dynamic 50+ physician multispecialty group 
practice in south San Francisco Bay area. Competitive compen- 
sation plus fringe benefits. C.V. to Recruitment Director, San 
Jose Medical Group, In. 45 South 17th St., San Jose, CA 
95112. 


General surgeon, BC/BE, to immediately join dynamic 50+ 
physician multispeciality group practice in south San Francisco 
Bay area. Competitive compensation plus fringe benefits. 
C.V.to Recruitment Director, San Jose Medical Group, Inc. 45 
South 17th St., San Jose, CA 95112. 


From Lippincott. Two landmark books 
to nelp you manage orthopaedic problems... 
Now IN new editions! 


Emphasizes the all-important 
decision-making process in managing 
children’s orthopedic problems — 


PEDIATRIC 
ORTHOPAEDICS, 


j l wer 2nd Edition. in 2 Volumes 
li range of complication 
Covers the full range of complications Edited by Wood W. Lovell, M.D., and 


in orthopedic surgery — Robert B. Winter, M.D./44 Contributors. 


Complications i in Completely revised and updated in its 2nd Edition, this abundantly 


illustrated work discusses in detail the diagnosis and methods of 


- Ortho aedic Sur e treatment of all children’s orthopedic problems other than fractures. 
5 The contributors to PEDIATRIC ORTHOPAEDICS are recognized 











` 2nd Edition.in 2 Volumes authorities with long and successful experience in dealing with the 
conditions they describe. They place particular emphasis on the i 

Edi ted by Charles H. Epp S, Jr., M.D. decision-making process that precedes and governs the selection of ~ 
With 72 Outstanding Contributors. surgical technique or of conservative methods of management. Their 
“This excellent book contains a wealth of information by material will greatly help you assess indications and contraindications 
recognized authorities on orthopedic complications... these two for various forms of treatment. 
volumes contain an enormous amount of practical clinicai FIVE NEW CHAPTERS IN THE 2ND EDITION 
inforrgation and they should be of considerable value for the „, + Spinal Injuries in the Growing Person 
practicing orthopedist and should be part of the orthopeaist’s library.” , Partial Growth Plate Arrest and Its Treatment 

— The New England Journal of Medicine (of the tst Edition) - Overuse Injuries 
This thoroughly revised and updated 2nd Edition reflects the + Neurofibromatosis - Child Abuse 
significant developments in orthopedic surgery since publication of Each chapter includes in its discussion of diagnosis and management 
the 1st Edition in 1978—developments that have prompted the a Close analysis of the background, clinical manifestations, 
addition of FIVE NEW CHAPTERS on complications of: pathology, laboratory findings, and roentgenographic examination of a 
- External Fixation wide variety of conditions. All of the salient characteristics of each 
» Functional Bracing and Cast Bracing disorder are examined as well as the treatment modalities available, 
» Microvascular Surgery stressing those alternatives which the authors have found most 
+ Multiple Trauma - Allograft Surgery. successful. Susteren reproductions of x-rays and clinical “i 
This important work provides the essential information to guide you ; photographs bring 


in treating the patient who has experienced an unfavorable outcome the text to life! 


or a complication. It discusses both common and uncommon 1,232 Pages. 
complications that are encountered in orthopedic surgery. 1,011 Illustrations. 
Organized for easy reference, this comprehensive text covars the 21 Tables. 


2nd Edition, Ready 
December 1985. 
2-Volume Set, 
$145.00. 


whole of orthopedic surgery, from patient selection to follow-up 
care-—-all considered on a regional basis. It encompasses the full 
spectrum of early and late complications ...ranging from relatively 
minor cosmetic problems, to post-therapeutic loss of function, to 
deep infections and irreversible necroses. Prevention of complications 
is also discussed. 


Ail chapters in this 2nd Edition have been thoroughly updated, and 
several have been expanded in keeping with recent develcpments. 
Many new illustrations have been added. 

1,584 Pages. 1,129 illustrations. 50 Tables. 2 Volumes. Lippincott books are available through your health science bookstore or your Lippincott 


mye 7 representative. For mail order service direct, use the convenient coupon below. 
2nd Edition, Ready November 1985. 2-Volume Set, $138.00. Or call us TOLL FREE (800) 638-3030. in Maryland, call COLLECT (301/624-7300. aM 
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Abscess, pancreatic 
mortality after treatment of, 605 
open drainage of, 600 
Absorption, intestinal from Thiry-Vella ileal loop, 434 
Accreditation in vascular surgery (Editorial), 231 
Achalasia of esophagus 
comparison of treatments in, 505 
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preoperative medications affecting, 614 
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muscle uptake in sepsis, 360 
Amylase levels, and prognosis of acute pancreatitis, 163 
Anal function 
after ileal pouch-anal anastomosis, 55 
after Soave procedure, 525 
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repair in renal transplant patients, 62 
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papillary muscle resection in, 685 
Ascites, malignant, 644 
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Biliary tract 
choledochoscopy for residual intrahepatic stones, 260 
indicators of choledocholithiasis (Letters), 335 
obstruction in chronic pancreatitis, drainage for, 558 
Biopsy 
of breast, by fine needle aspiration 
cost-effectiveness of, 474 
and estrogen receptor analysis, 250 | 
and staining of aspirates with monoclonal antibody, 399 
endomyocardial, in cardiac transplant recipients, 177 
Blood transfusions 
massive, platelet administration with, 40 
and organ system failure after abdominal surgery, 275 
Bombesin, and bile formation, 1 
Book reviews, 228, 334, 447 
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and colorectal cancer risk, 307 
complications of conservative treatment in, 481 
and cost-effectiveness of fine needle biopsy, 474 
monoclonal antibodies to estrogen receptors in, 250 
results of routine screening for, 470 
and staining of biopsy aspirates with monoclonal antibody, 
399 
Bronchopulmonary foregut malformations, 517 
Budd-Chiari syndrome, portal-systemic shunts in, 366 
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indicators of choledocholithiasis (Letters), 335 
intrahepatic, residual, choledochoscopy for, 260 
Carcinoembryonic antigen, in hepatic metastases of colorectal 
cancer, 169 
Carcinoma. See specific anatomic sites of carcinoma 
Carotid endarterectomy 
in acute occlusion, 82 
follow-up angiography in, 90 
and recurrent stenosis, 205 
detection by Doppler ultrasound, 652 
shunting in, 196 
Catheter placement, for parenteral nutrition in central venous 
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Cerebrovascular disorders, endarterectomy in. See Carotid end- 
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Chemoattractants, affecting wound healing, 142 
Child abuse, surgical management of, 219 
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Choledochoscopy, postoperative, for residual stones, 260 
Cimetidine 
in giant gastric ulcers, 255 
preoperative, affecting gastric contents, 614 
Cirrhosis, portal thrombosis in, 286 
Colectomy, total abdominal, with ileoproctostomy, 583 
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ischemic, pathogenesis of, 590 
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and bowel function after ileal pouch-anal anastomosis, 55 
endorectal ileal pullthrough in (Letters), 335 
and multiple synchronous colorectal cancer, 123 
Colloid osmotic pressure, plasma, and postoperative fluid bal- 
, ance, 25 
Colon 
electrical activity in postoperative ileus, 574 
esophageal replacement with, 346 
perforation in renal transplant recipients, 69 
sigmoidoscopic decompression of acute obstruction, 292 
trauma management, 701 
Colorectal cancer 
hepatic metastases in 
comparison of treatment modalities in, 420 
Preoperative staging in, 169 
surgery in, 49 
modification of Dukes’ C class, 115 
multiple synchronous lesions in, 123 
pelvic lymphadenectomy and sphincter preservation in, 426 
¢ risk after breast cancer, 307 
surgery for very elderly patients, 129 
Computed tomography of liver metastases from colorectal can- 
cer, 169 
Continence, anal 
after ileal pouch-anal anastomosis, 55 
after Soave procedure, 525 
. Cortisol‘infusions, responses to, 408 
Crohn’s disease, lymphopenia in, prognostic significance of, 132 


bronchogenic, 517 
mesenteric and retroperitoneal, 109 
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Decompression, sigmoidoscopic, in acute colonic obstruction, 
292 


Discriminant analysis of statistics, value of (Letters), 113 
Diverticulectomy, duodenal (Letters), 113 
Drainage 
open, of pancreatic abscess, 600 
selective, in chronic pancreatitis, 558 
Duodenum 
diverticulectomy of (Letters), 113 
emergency operations in ulcers, 551 
obstruction in chronic pancreatitis, drainage for, 558 
ulcer treatment with highly selective vagotomy, 545 - 
villous tumors of, 301 
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Endarterectomy, carotid 
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follow-up angiography in, 90 
and recurrent stenosis, 205 
detection by Doppler ultrasound, 652 
shunting in, 196 
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Endoscopy, flexible 
choledochoscopy for residual stones, 260 
in decompression of acute colonic obstruction, 292 
postgraduate education in, 272 
in sclerotherapy for variceal bleeding, compared to distal 
splenorenal shunt, 454 
Endothelialized prosthetic vascular grafts, 671 
Energy expenditure, resting 
in obesity, 136 
and weight loss in disease, 240 
Epidermal growth factor, and wound healing, 142, 379 
Epinephrine infusions, responses to, 408 
Esophagojejunal anastomoses, healing after total gastrectomy, 
439 
Esophagus 
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comparison of treatments in, 505 
and manometry during eating, 500 
carcinoma of 
blunt resections in, 491 
Cleveland Clinic experience with, 101 
in distal region and cardia, 188 
and shrinking of resection margins, 173 
gastroesophageal reflux 
failed procedures in (Letters), 337 p 
pH probe-directed therapy in, 531 < 
replacement with colon in children, 346 
. variceal bleeding 
ablative operations in, 463 
comparison of shunting and endoscopic sclerotherapy in, 
454 
Estrogen receptors in breast lesions, monoclonal antibodies to, 
250 
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Femoral artery profundaplasty technique, 390 
Fibrin, and phagocytic killing of Escherichia coli, 413 
Fluid balance, postoperative 
relation to plasma colloid osmotic pressure, 25 
sodium infusions affecting (Letters), 336 


G 7 
Gastrectomy, total, and healing of esophagojejunal anastomoses, l 
439 


Gastrin, and absorption of fluid and electrolytes, 434 
Gastrinoma, metastatic, aggressive resection of, 352 
Gastritis, alkaline reflux, 537 
Gastroesophageal reflux 
failed procedures in (Letters), 337 
pH probe-directed therapy in, 531 
Gastrointestinal tract 
absorption from Thiry-Vella ileal loop, 434 
colorectal cancer. See Colorectal cancer 
duodenal conditions. See Duodenum 
emergency operations for ulcers, 551 
esophageal conditions. See Esophagus 
gastric pH and bacterial count affected by preoperative med- 
ications, 614 
giant gastric ulcers, 255 
ileoproctostomy after total abdominal colectomy, 583. ! 
lymphopenia in Crohn’s disease, 132 
pathogenesis of ischemic colitis, 590 
perforation of colon in renal transplant recipients, 69 
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radionuclide imaging of acute intestinal ischemia, 295 
resolution of postoperative ileus, 574 
sigmoidoscopic decompression of acute colonic obstruction, 
292 
trauma of colon, 701 
ulcerative colitis. See Colitis, ulcerative 
Gastroschisis 
pneumatic reduction bag for, 512 
selective management of, 214 
Glucagon infusions 
and absorption of fluid and electrolytes, 434 
responses to, 408 
Growth factors affecting wound healing, 142, 379 
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Health care, ethical factors in (Letters), 113 
Heart 
penetrating injuries of, 315 
porcine prosthetic valves, 691 
surgery for ventricular arrhythmias, 679 
papillary muscle resection in, 685 
transplantation of, and endomyocardial biopsy findings, 177 
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Ileal pouch-anal anastomosis, functional results of, 55 
Ileal pullthrough, endorectal (Letters), 335 
Heoproctostomy, after total abdominal colectomy, 583 
Ileus, postoperative, resolution of, 574 
Immune function, and natural killer cell activity in trauma, 21 
Infections 

abdominal, in pancreas transplant recipients, 153 

and branched-chain amino acid solutions in sepsis, 13 

and fibrin affecting phagocytosis of bacteria, 413 

muscle amino acid uptake in sepsis, 360 

peritoneal complications after hepatectomy, 148 

in trauma, and bactericidal function of PMNs, 246 
Interleukin-1, and NK cell activity in trauma, 21 
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Kidney transplants 
and abdominal aortic aneurysm repair, 62 
and colon perforations, 69 
and effects of dialysis centers, 311 
living related donors for, 637 
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Lactic dehydrogenase levels, in hepatic metastases of colorectal 
cancer, 169 
Laryngeal nerves, recurrent, injury in reoperative parathyroid- 
ectomy, 282 
Letters to the editor, 113, 335 
Leucine, in enriched amino acid solutions in sepsis, 13 
Lipase levels, and prognosis of acute pancreatitis, 163 
Liver 
metastases from colorectal cancer 
comparison of treatment modalities in, 420 
preoperative staging of, 169 
surgery in, 49 
peritoneal complications after hepatectomy, 148 
portal-systemic shunts in Budd-Chiari syndrome, 366 
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portal thrombosis in cirrhosis, 286 
residual stones in hepatic duct, 260 
Lung, in bronchopulmonary foregut malformations, 517 
Lymphadenectomy, pelvic, and sphincter preservation in rectal 
cancer, 426 
Lymphopenia in Crohns’ disease, prognostic significance of, 132 
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Mesenteric cysts, 109 
Mesocaval shunt, in Budd-Chiari syndrome, 366 
Metabolism 
resting rate of 
in obesity, 136 
and weight loss in disease, 240 
stress hormones affecting, 408 
Metoclopramide, preoperative, affecting gastric contents, 614 
Monitoring of patients 
continuous venous oximetry in, 329 
intraoperative, in carotid endarterectomy, 652 
Monoclonal antibodies 
to estrogen receptors in breast lesions, 250 
staining aspirates of breast masses, 399 
Muscle amino acid uptake, in sepsis, 360 . 
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Neurological function 
and endarterectomy in acute carotid occlusion, 83 
and follow-up angiography in carotid surgery, 90 
Nutrition - 
and branched-chain amino acid solutions in sepsis, 13 
and length of hospitalization, 236 
parenteral, and catheter placement with central venous 
thrombosis, 30 
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Obesity 
and preoperative medication affecting gastric contents, 614 
resting energy expenditure in, 136 

Omphalocele, pneumatic reduction bag for, 512 

Oximetry, continuous venous, 329 
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Pancreas 
carcinoma of 
collective study of, 77 
resection for ductal adenocarcinoma, 403 
transplantation of, and intra-abdominal infections, 153 
Pancreatitis 
acute 
and mortality after treatment of abscess, 605 
open drainage of abscess in, 600 
pancreatic enzyme determinations in, 163 
chronic 
denervated splenopancreatic flap in, 568 
segmental pancreatic autotransplantation in, 626 
selective drainage in, 558 
surgery in, 266 
Parathyroidectomy, reoperative, and vocal cord paralysis, 282 
Pelvic lymphadenectomy, and sphincter preservation in rectal 
cancer, 426 
Pepsin inhibition, by bile salts, 8 


e 


, 


de 


™ 


718 


ra 


Peritoneal sepsis, after hepatectomy, 148 
Peritonitis, and fibrin affecting phagocytosis of bacteria, 413 
pH > 
“esophageal, and therapy in gastroesophageal reflux, 531 
gastric, preoperative medications affecting, 614 
Phagocytosis of bacteria, fibrin affecting, 413 
Pharyngoesophageal cancer, blunt esophagectomy in, 491 
Platelets 
administration with massive transfusions, 40 
deposition on vascular grafts, 318 
Pneumatic reduction bag, for gastroschisis and omphalocele, 512 
Polyposis of colon 
endorectal ileal pullthrough in (Letters), 335 
and multiple synchronous colorectal cancer, 123 
Portal-systemic shunts, in Budd-Chiari syndrome, 366 
Portal thrombosis in cirrhosis, 286 
Presidential Address, 449 
Profunda femoris artery reconstruction, 390 
Prostacyclin production, in arterialized vein grafts, 339 
Prostaglandin E,, in treatment of adult respiratory distress syn- 
drome, 371 
Proteolysis inducing factor, and NK cell activity in trauma, 21 
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Radionuclide imaging of acute intestinal ischemia, 295 
Ranitidine, preoperative, affecting gastric contents, 614 
Rectal cancer. See Colorectal cancer 
Reflux 
enterogastric, and alkaline gastritis, 537 
gastrocsophageal 
failed procedures in (Letters), 337 
pH probe-directed therapy in, 531 
Respiration, stress hormones affecting, 408 
Respiratory distress syndrome in adults, prostaglandin E, in- 
yusions in, 371 
Retroperitoneal cysts, 109 
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Scintigraphy of acute intestinal ischemia, 295 
Sclerotherapy, endoscopic, in variceal bleeding, compared to 
distal splenorenal shunt, 454 
Secretin, and absorption of fluid and electrolytes, 434 
Sepsis. See Infections 
Shunt surgery 
portal-systemic, in Budd-Chiari syndrome, 366 
‘splenorenal, in variceal bleeding, compared to endoscopic 
sclerotherapy, 454 
Sigmoidoscopic decompression of acute colonic obstruction, 292 
Soave procedure, anal continence after, 525 
Spasm, esophageal, manometric evaluation in, 500 
Spherocytosis, hereditary, 34 . 
Spine surgery, epidural analgesia in, 225 
Splenectomy, compared to splenorrhaphy (Letters), 113 
Splenopancreatic flap, denervated, for chronic pancreatitis, 568 
Splenorenal shunt, distal, in variceal bleeding, compared to en- 
doscopic sclerotherapy, 454 ' 
Splenorrhaphy, compared to splenectomy (Letters), 113 
Statistics, discriminant analysis of (Letters), 113 
Stomach 
alkaline reflux gastritis, 537 
gastroesophageal reflux 
failed procedures in (Letters), 337 
pH probe-directed therapy in, 531 
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giant ulcers of, 255 
emergency operations for ulcers, 551 
pH and bacterial count affected by preoperative medications, 
614 : 
Stress hormones, responses to, 408 
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Tachycardia, ventricular, surgery for, 679 
papillary muscle resection in, 685 
Thiry-Vella ileal loop, absorption from, 434 
Thrombocytopenia in massive transfusions, platelet adminis- 
tration affecting, 40 
Thrombosis 
central venous, and catheter placement for parenteral nutri- 
tion, 30 
portal, in cirrhosis, 286 
Transfusions 
massive, platelet administration with, 40 
and organ system failure after abdominal surgery, 275 
Transplantations 
cardiac, and endomyocardial biopsy findings, 177 
multiple organ transplantation program, 620 
of pancreas 
and intra-abdominal infections, 153 
segmental autotransplantations, 626 
renal. See Kidney transplants 
Trauma 
and bactericidal functions of PMNs, 246 . 
cardiac, penetrating, 315 
in child abuse, 219 
of colon, management of, 701 
natural killer cell activity in, 21 
Tumors. See also specific anatomic sites of tumors 
aggressive resection of metastatic gastrinoma, 352 
and malignant ascites, 644 
villous, of duodenum, 301 
weight loss in cancer patients, 240 
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Ulcers 
duodenal 
emergency operations in, 551 
highly selective vagotomy in, 545 
gastric 
emergency operations in, 551 
giant, 255 
Ultrasonography 
Doppler probe in detection of recurrent carotid stenosis, 652 
in fragmentation of tissue for rectal mucosa removal (Letters), 
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Vagotomy, highly selective, with dilatation or duodenoplasty, 
545 

Valine, in enriched amino acid solutions in sepsis, 13 

Valve replacement, cardiac, porcine prostheses in, 691 

Variceal bleeding, esophageal i f 
ablative operations in, 463 i 
shunting compared to endoscopic sclerotherapy in, 454 

Vascular surgery, and accreditation (Editorial), 231 
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aneurysm repair after renal transplant, 62 
rotid endarterectomy. See Endarterectomy, carotid 
«continuous venous oximetry, 329 

ndothelialized vascular prostheses, 671 
juxtarenal and infrarenal abdominal aortic aneurysm, 661 
platelet deposition on vascular grafts, 318 

porosity of arterial prostheses, 382 

profunda femoris artery reconstruction, 390 
prostacyclin production by arterialized vein grafts, 339 
“ein grafts, arterialized, prostacyclin production in, 339 
entilation, stress hormones affecting, 408 
®entricular arrhythmias, surgery for, 679 
papillary muscle resection in, 685 










SUBJECT INDEX TO VOLUME 203 


” 
-~ 


719 


Villous tumors of duodenum, 301 
Vocal cord paralysis, from reoperative parathyroidectomy, 282 
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Weight loss in cancer patients, 240 
Womack procedure, in bleeding esophageal varices, 463 
Wound healing 

chemoattractants affecting, 142 

growth factors affecting, 142, 379 
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Zollinger-Ellison syndrome, and aggressive resection of meta- 
static gastrinoma, 352 
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